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ABSTRACT 

This bibliography has been prepared for use at the NASA/JPL Radar Geology Workshop held in 
Snowmass, Colorado on 16 - 20 July 1979. A selection of those papers dealing with geologic appli­
cations of imaging radars and that have appeared in the open literature are included. Complete abstracts, 
where available, and additional commentary are included for each of the citations. Three previous 
bibliographies dealing with radar (Bryan, 1973; Carter, 1969; and Deliwig, et al., 1975) have provided 
the core of this present bibliography. One hundred and ninety citations are listed alphabetically by the 
senior author. An index by National Technical Information Service Citation number is included. Several 
illustrations of L-band radar imagery are also included. 
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(The entries in this bibliography are arranged first alphabetically by the senior author's surname, and second 
by the year of publication.) 



BAIR, G. L. and G. E. CARLSON, 1975 

Height Measurement with Stereoradar 

Photogrammetric Engineering and Remote Sensing, Vol. 41, No. 2, pp. 167-176. 

Authors' Abstract: The effect of image dissimilaritieson terrainbeigbteasurementcapabilities 
of threestereoradartechniquesfor obtainingstereoimagepairsis comparedby using computer­
generatedsimulatedradarimages Simulated imagesare used because two of the stereoradar 
techniquesare not presently implemented. The stereoradar techniques are- an improved single­
flight techniquewhich has been implemented. Improved stereoviewability is observedfor the 
improved single-flight techniqueas comparedwith the pre-single-fligbttechnique, and both 
single-flight techniques are better than the previously implemented two-fligbt technique. The 
improved stereoviewabilityof the single-flightimages resultsin terrainheight-measuringerrors 
which are only 59 percent as large as thosefor the two-flight technique. 

The "previqusly proposed single-flight technique" involved beams squinted ahead of and behind the side­
looking direction. To achieve stereo, Carlson shows that these beams must be obtained from real-aperture 
antennas physically oriented perpendicular to the beams and consequently not carried along the side of the 
aircraft as for SLAR. He shows that the parallax displacement for such beams is along the line of sight, but 

the parallax displacement for his "conical surface" beam is normal to the flight line even when the beam is 
pointed well ahead of (or behind) the side-looking direction. The "conical surface" beam is the type 
obtained by using phase advance in a real aperture antenna to achieve squint, and is the only type possible 
with the synthetic aperture. The height measuring capability demonstrated here depends on the difference 
in the size of the parallax displacement for the side-looking-and the canted beam, since their displacements 
are both in the same direction. (From: Dellwig, et al., 1975.) 

BARR, D. J., 1968 

Use of Side-Looking Airborne Radar Imagery for Engineering Soils Studies 

Ph. D. Dissertation, Department of Civil Engineering, Purdue University, 206 pp. (Available from U.S. 

Army Topographic Laboratories as Technical Report 46-TR, NTIS No, AD 701 902.) 

Author's Abstract: This research reportis concernedwith the development and evaluationof 
techniquesof utilizingside-looking airborne radar(SLAR) imageryfor engineeringsoils studies. 
The primary objective was the development of a systematicSLAR image interpretationtech­
nique Secondary objectives included an evaluation of methodsfor quantificationofSLAR 

image texturesand radarshadows. 

SLAR imagesfrom a variety of pbysiographicregionswithin the United States were evaluated. 
Systems operatingat several wavelengths were representedin the study. Although none of the 
SLAR flights wete made during the course of this investigation,field checking was performed 
for several of the study sites-

The qualitativeanalysisof SLAR imagery consisted of the evaluation of the pattern elements 
of tmage tone and texturefollowed by the interpretaironof land formn and engineering soil 

types from imagepatterns. A systematic approach to the evaluationofpattern elementsand 
resultantpatternms of drainage,topography,and local land surface conditionwas developed. 

Quantitativeaspects of the project included the generationofprobability density curves from 
SLAR imagesby means ofa densitometercoupled to a multichannelanalyzer. Curve shape was 
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characterizedby a number and correlated with visually defined image textures. In addition, 
radarshadow measurementswere taken from SLAR imagesand correlated with a terrainrough­
nessparameter. 

Majorconclusions dertivedfrom thisstudy include: (1) the interpretationofregionalengineering 
soil types from SLAR imagery is possible by means of an inference technique based on the re­
cognition and evaluationof repetitive,uniquepatterns,(2) the extent to which inferences can 

be made concerning local land surface conditionssuch as local surface roughness or vegetative 
cover is governed by the dynamic range of tone values expressed on the imagery;a wider dynamic 
rangepermits a more detailedinterpretation;(3) no evidence of significant microwave energy 
penetrationwas found on the imagery used for this study; (4) the shape of probability density 
curves generatedfrom SLAR images is a quantitativemeasure of visual image texture;and (5) 
radarshadow measurements obtained from linear image scans orientedperpendicularto the 
flight line can be empiricallyrelatedto a terrainmacroroughness expressed by Fiscber'sdis­
persionfactor"K." (Abstractfrom' DissertationAbstractsSection B. Sciences and 
Engineering Vol. 29, No. 8, February1969. pp. 2864B-2865B) 

BATEMAN, P. C., 1966 

Geologic Evaluation of Radar Imagery 

U.S. Geological Survey Technical Letter - NASA-27, May, 9 pp. (NTIS No. N70-38899). 

Abstract: Geologicfeatures, especially those relatedto volcanism andfaulting,have topo­
graphicexpressionsthat can be readily distinguished on radarimagery. Certainrock types that 
have distinctiveweathering characteristics and drainagepatternscan also he delineated. Radar 
imageryshows greatestutility in determiningmoisture distributionin alluvium Itseemsalso 
to have very greatvalue locally in forest covered areas, because ofan apparent ability to "see" 
below the cover. (From. Caner,W. D., 1969.) 

BEATTY, F. D., et al., 1965 

Geoscience Potentials of Side-Looking Radar 

Raytheon Autometric Corporation, Alexandria, 10 September, Vol. 1, x + 99 pp., Vol. II 114 pp. 
(Prepared for NASA by U.S. Army Corps of Engineers under Contract No. DA-44-009-AMC-t040 

(X).) 

From Author's Proloque: The report representsthe combinedefforts ofa panel of radarin­
terpretershaving geoscience backgrounds. The authors of this report have assumed that the 
readerswill have only a rudimentarybackgroundinradar theory and the process of radarin­
terpretation.. It is the authors'aim to present to the geoscientist the basicprinciplesand 
theoriesnecessaryto "set the stage"for an appreciationofradar imagery and extraction of 
geoscientific datafrom these reports. .. . The authorsfeel that aword of caution is in order. 
Publicationsdealingwztb image interpretationand containingmany illustrations,asdoes this 
one, soon become interpretationkeys... eitherin thoughtorin actual practice. Tbzs report 
is not intended to be used as an interpretationkty. Each image was selected to illustratea 
type and kind of data containedin the imageand extractableby an interpreter. The reader, 
perhapshaving a different background,is urged to exanuine the imagesin the light of his own 
experiences to determineforhimself the extractabilityof additionalinformation suitablefor 
b own pursuits. ... The reader is advised that the imagery displayedin this report is from 
prototype equipment and largelyresultedfrom flights while the systems were undergoing 
experimentalevaluation tests. The potentialuser can expect higherqualityimagery in the 
future.
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This report is probably one of the best overall reports thus far presented in the unclassified literature. 

Unfortunately, it is out of print and copies are extremely difficult to locate. In two volumes of large format 
(12 x 14 in.), it presents both text and numerous images obtained from a wide assortment of imaging radar 
systems. Following an introduction which includes resumgs of remote sensing, radar theory and operation, 
radargrammetry, image interpretation and mosaicking, approximately 50 pages of explanations and interpre­
tations of the images complete the first volume. Volume 11 consists of images and interpretation (acetate) 
overlays. Although this work was done in 1965 and presents many images from instruments not entirely 
operational, it is a valuable paper and highly recommended. 

BECCASIO, A. D. and J. H. SIMONS, 1965 

Regional Geologic Interpretation from Side-Looking Airborne Radar (SLAR) 

Presented at the 31st Annual Meeting, American Society of Photogrammetry, Washington, 28 March 
to 3 April. 

Photogrammetric Engineering, Vol. 31, No. 3, July, pp. 507. 

Authors' Abstract: One of the most important aspectsof geologicandgeomorpbicmappingwith 
side-looking airborne radar(SLAR) is the interpretationof the continuityof regional Ith ologgc, 
structuraland geomorpbic units. 

Representativeareasstudies in partsof the Folded Ouachitasand in the Rocky Mountain Front 
indicate that SLAR providesan unusual opportunityfor rapid regional geologic reconnaissance 
and analysis The relatively small-scale-large-areacoverage afforded by SLAR recordspermits 
continuous observationof trends not obtainablein conventional aenal pbotograpbywithout 
extensive mosaicking. (Copyrighted by tbeAmertcan Society of Pbotogrammetry.) 

BERLIN, G. L., 1971 

Radar Mosaics 

The Professional Geographer, Vol. XXIII, No. 1, January, p. 6 6 . 

From the Paper- The applicabilityof radarsensing in geographicresearch hasbeen amply 
demonstratedduring the past decade. Although many geogiaphersare keeping abreastof these 
developments, few areaware that threeexperimentalradarmosaics have been compiled at a 
1 500,000 scale by the U.S Geological Survey and areavailablefor a nominalfee. The mosaics 
display Yellowstone NationalParkand the entire state ofMassachusettsfiomeast and West range 
directions. 

Radar data fo; the Yellowstone project were collected by a Westinghouse Ka-band system, and 
only lOtmage strips weie needed to provide coverage for the 21 million acre park Microwave 
reflections from a complex landscape have producedsignificantimage shadows. Consequently, 
featuies such as fissures, faults, joints, lava flows, moraines, and stream terracesare easily 
identified. The nortbwest-tiending faults near the LamarRiver,jointssouth of the Obsidian 
Cliffs, and lava flows southeast of Becble, Canyon are much more conspicuous on the mosaic 
than on panchromatic photographs. 

The two mosaics depictingMassachusettswerepreparedto accommodate look-direction 
experiments. A Motorola X-band unit was flown 8,000feet above sea level, and backscatter 
was interceptedfrom a 15.5 mile swath on both sides of the aircraft. Coverage for a land and 
water areaapproaching13,000 square miles was accomplished by splicing 19 flight strips. 
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In addition to recordingphysical occurrences,the Massachusettsmosaics display considerable 
cultural detail Concerningthe former, coastalfeatures, glacial lakes, drainage systems, 
drumlins,fault blocks, and trap ridges are especially promnnent. A preliminaryexamination 
reveals many topographic and structuralrelationships. Favorabledielectricand geometric 
parametersmake it possible to delineate urban areas and certain transportationsystems 
because these phenomena are responsible for bright energy returns. At the 1 500,000 
scale, metallic objects such as ships in Boston Harborand even bridgescrossing the 
Connecticut River ae visible 

Since radarmosaics display laige areas in a small format, they tepresenta comiplementary 
tool for analyzing various regionaldistributions and relationships. Therefore, by using 
mosaics a geographercan gain a rapidand comprehensive overview of a region. All that 
remains to satisfy this requirementis to have more mosaics made available to the 
geographic community, and if current trends are a barometerof the future, radarmosaics 
will be continually released by the U.S. Geological Survey. (Copyrightedby Association of 
American Geographers.) (See also Berlin and Schaber, 1971.) 

BERLIN, G. L. and G. C. SCHABER, 1971 

Geology and Radar Mosaics 

Journal Geological Education, -Vol. 19, No. 5, November, pp. 212-217. 

Authors' Abstract. Radarmosaics represent one of the latest remote sensing innovations, 
and unlike photo mosaics, the data are unaffected by solarilluminative variationsor 
weather. Such complications are especially applicable to reconnaissance surveys where 
btoad overviews of the terrain are needed. The image detail is sufficient for interpreting 
and mapping various iegional morpbologic distributionsand structural relationships. Radal 
mosaics can also be used as instructionalaidsfor a variety of geologic discussions. Four 
mosaics ate currently available, three may be putchasedfronm the U.S. Geological Survey 
and one fron the Raytheon Company. (Abstract copyrighted by NationalAssociation of 
Geological Teachets.) 

A brief discussion of the operation of a SLAR system is followed by a presentation of three radar 
mosaics (Massachusetts, Yellowstone Park, and Darien Province, Panama) together with ordering 
information for securing copies of each mosaic. Some interpretation for the images is offered. (Also 
see. Berlin, G. L., 1971.) 

BORDEN, R. C. and E. C. WILLIAMS, 1950 

Radar Mapping of the Chicago-New York Airway 

Technical Development Report No. 66, Technical Development and Evaluation Center, Civil 
Aeronautics Administration, U.S. Dept. of Commerce, Indianapolis, April, 9 pp. 

Authors' Sumnmary. This report describes a radarflgbt front Chicago to New York during 

which time several bunded pictutes of the radarindicatorwere taken with a Fairchild 

Type 05-A radarcamera. A number of representative radarprints are included together 
with explanatory remarks and a discussion of the possibilites and limitationis of navigation 

by radar. The equipment used was an AN/APS-1O 3-cm airborne search radar installed in 

NX-300, a B-25] airplane 
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From Authors' Conclusions: Radar navigation is considered impracticalin areaswhere more 
easily interpretednavigatonalfacilities are available .... The possibility of making a 
mistake over... areas of similargeographycannot be overlooked. In orderto accurately 
determine a location, several different targets must be crnss-cbecked. Attempts to navigate 
by radarover uncertain territory should not be attemptedwithout the aid ofpreviously 
preparedradarmaps,preferablyfrom actual radar photographs. Any discrepanciesbetween 
characteristicsor operating conditions (frequencyband, sensitivty, antennapattern, range 
scale, etc.), will complicate the problem considerably. Radarphotographyshould be 
carriedout with the sensitivity of the radarturned well down. Adoption of radarsolely as 
a navigationalaid on the basis of its search function alone appearsunfeasiblefor scheduled 
flying. 

Several good PPI photos together with map locations and basic interpretations of terrain features are 
included in the paper. 

BRENNAN, P. A., 1968 

The Geology of the N.A.S.A..Auizona Sedimentary Test Site, Mohave Co., Arizona 

M.S. Thesis, Geology, University of Nevada, Reno, June ix + 93, pp. + maps. 

From Author's Abstract: The NASA FundamentalSedimentary Test Site in northern 
Mohave County, Arizona, contains exposures of limestone, sandstone, conglomerate, and 
thin layers of basalt. Structurally, the area consists of southeasterlydipping rock units 
transversedby a series of minor bigb-anglefaults, and a major low-angle normal fault . 
The topography is moderate, much of the site being in a broadflat valley Because of the 
aridweathering conditions, large detritalfans have been developed in the valleys These 
fans support typical high desert vegetation.... Remote sensing aircraftflights have 
yielded photographs,imagery, and sensor data which, with detailed ground information, 
provide an almost unique area in which to study the possible contributionsof remote 
sensing to geology. Radar, ultraviolet, photographicinfrared, thermal infrared, microwave 
radiometry,and scatterometry are availablefor the site .... Two systems, the radar 
and the thermal infrared,have been completely evaluated and are included. 

This paper presents a geologic description of the NASA test site (one of many selected in the 
mid-1960s), and contains some data obtained during NASA missions 44 and 59. The radar used was 
the AN/APQ 97 (K-band). Although several images are presented (HH, HV) little is noted about the 
actual utility of the sensor data. The strength of this thesis is the description of the test site for which 
many data are presently in the NASA archives. 

BROWN, R. D., Jr., 1966 

Geologic Evaluation of Radar Imagery: San Andreas Fault Zone from Stevens,Creek, Santa Clara 
County, to Musael Rock, San Mateo County, California 

U.S.G.S. Tethnical Letter - NASA-45, August, 15 pp. (NTIS No. N70-38893.) 

Abstract Radarimagery along the San Andreas Fault Zone seems to enhance the photo­
graphic contrast between unconsolidatedgeologic units and bedrock; thus, alluvium, 
lacustrine deposits, landslide debris, and similarunits appeardark in tone, and contrast 
sharply with more consolidatedbedrock units. Different kinds of bedrock units, however, 
are indistinguishableon the radarimagery except where such units engender a characteristic 
form of topographicexpression. The side-lookingangle accentuatestopographicfeatures, 
particularlylinearfeatures thatare parallelor oblique to the line of flight. (From: 
Carter,W.O., 1969.) 
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BRYAN, M. L., 1973 

Radar Remote Sensing for Geosciences: an Annotated and Tutorial Bibliography 

Ann Arbor, ML.: Environmental Research Institute of-Michigan, Ann Arbor, Michigan, 298 pp., 
tilus., Paper. 

No Author's Abstract 

This bibliography consists of 383 references, with annotations and complete author's abstracts of the 
papers that have appeared in the open literature, and that deal specifically with radar remote sensing. 
Imaging radars, PPI radar, and, on occasions, navigation radars are considered. The chapters are 
arranged by earth resources subject: (1) Origin, History and Development of Radar; (2) Applications in 
Agriculture and Vegetation; (3) Applications in Geology, Geomorphology, Topography, and-Soils; 
(4) Applications in Hydrology and Water Resources, including Oceanography; (5) Cultural Applications; 
(6) Cartography and Map Compilation; (7) Other Applications and General References, and (8) 
Bibliographic Resources. 

CAMERON, H. L., 1965a 

Radar as a Surveying Instrument in Hydrology and Geology 

Proceedings, Third Symposium on Remote Sensing of the Environment, Report No. 4864-9-X, 
Willow Run Laboratories of the Institute of Science and Technology, The University of Michigan, 
Ann Arbor, November, pp. 441-452. (NTIS No. AD 614 032.) 

Author's Abstract Higb-definition radarscope photographyis investigatedas a new means 
for studying the eartb's surface. The radar is installed in an R.A.F. V-bomber and operated 
at approximately 41,000 feet; photographsof the scope are obtainedat 5-minute intervals, 
providingadequate "stereo" overlap The radarphotos resultingfrom flights over Gaspe 
and Scotland are presented and discussed. 

Aerial photography interpretation assumes "that all topography is a reflection of the underlying 
bedrock geology moulded by the forces which have acted on it." The author points out that when 
elevations are less than 3000 ft, shadows caused by this relief are small and of little consequence. 
However, when the relief of the terrain exceeds approximately" 10% of the aircraft altitude, these 
shadows can be of great importance. Photography (35 mm) of a PPI scope illustrates the article. 
(See other articles by this author.) 

CAMERON, H. L., 1965b 

Radar and Geology 

Report 65-202, Air Force Cambridge Research Laboratories, office of Aerospace Research USAF, 
Bedford, Mass., July, 11 pp. plus figs. (NTIS No. AD 624 887.) 

Author's Abstract. The topograpbic mappingpossibilities of radarbave been investigated 
almost since radar 'was developed. The geological interpretationof P.PL scope photography 
is discussedwith possible explanationsfor the geological expression of certain features 
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The example of radarice mapping is given and the radargeology of part of Eastern 
Canada described. 

The radargeology of Scotland is briefly described. 

The application of radarphotographyto the study of geologicalstructuresis recommended 
as a new and possibly unique method. 

Study of 35 mm photography of a PPI scope (using both center and sector scan) has yielded informa­
tion on several previously unknown faults in the Gasps area of Canada. Some rock groups are easily 
identified, but this is thought to be due to differential erosion rather than some unique component of 
the rocks. Studies of scattered geology were also made using the PPI photographs, and have yielded 
similar information. The scales of the data were quite small, in the neighborhood of 1:1,000,000 to 
1:1,300,000, and the use of several look directions is recommended. This is a fairly early and 
innovative work. 

CAMPBELL, A. B., 1968 

Current U.S. Geological Survey Research in Yellowstone National Park 

Annual Meeting, Rocky Mountain Section, Geological Society of America, Bozeman, Mt., 
7-12 May. 

Geological Society of America, Special Paper 121, Abstracts for 1968, Boulder, Colo., p. 590 
(abstract only). 

Author's Abstract: Limited US. GeologicalSurvey studies have been pursued intermittently 
for many years in Yellowstone NationalPark During the summer of 1965, a greatly 
expanded programwas begun, made possible through the cooperationof the National 
Aeronautics and Space Administration and the NationalPark Service Currentwork under 
tis cooperative program includes bedrock and surficialgeologic mapping of the entire Park 
with attendantstratigrapibcand paleontological studies, geophysical studies involvinggravity, 
resistivity, magnetic and seismic surveys, including operation of a seismic network; isotopic 
studies, and a detailedstudy of thermal features. 

US Geological Survey personnel are using these newly acquied data in the empirical 
evaluation of aerial imagery obtained over the Park to appraisepossiblegeologic applications 
of various remote sensing devices. Photographs,particularly color,have proved useful in 
geologic interpretation. Side-looking radarenhances certaingeologicfeatures generally 
observable to some degree on aerialphotographs,and has the advantages of synoptic 
coverage and an all-weather capability. Thermal infrared imagery has very linitedgeologic 
application except in areasof thermal activity Furtherexperimentationwith these and 
other remote sensors is planned. (Copyrighted by GSA.) 

CANNON, P. J., 1972 

The Application of Radar and Infrared Imagery to Quantitative Geomorphological Problems 

Proceedings, Third Annual Congress on Remote Sensing in Arid Lands. Office of Arid Land 
Studies, College of Earth Sciences, The University of Arizona, Tucson, Ariz., November, 379 pp., 
pp. 104-122.
 

From Author's Introduction and Summary- The purpose of this study was to determine 
how a detailedquantitative geomorpbic investigationof an area could be supportedby 
radarand infrared imagery. The usefulness of radarimagery as a quantitative geomorpbic 
tool depends on the size of the area to be investigated, the relief,and the distribution of 
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vegetation. Although unclassified radarimagery provides no quantitative information on 
reliefin areaslike Mill Creek, Oklahoma (the study area and an area of low relief), it does 
provide useable areal informationfor drainagebasinsgreaterthan approximately30 square 
miles in area. Radar and infrared imagery can be used in conjunction to counteract their 
shortcomings,providing a new and valuable tool to the quantitative geomorphic 
investigations of drainagebasins 

The study deals with real aperture (Westinghouse ?) data obtained under the USGS-NASA remote 
sensing studies programs. Cross-polarized data provided the best geologic information if obtained 
between 10,000 to 20,000 feet altitude, above actual ground level'. The evaluation was conducted-by 
sketching drainage maps from the imagery and comparing them to the topographic maps available. No 
information concerning the statistical comparison of this quantitative information is printed, although it 
is referred to in the text. No comments concerning, resolution depression angles, look direction with 
respect to relief, and other important radar parameters are included in the paper. 

CANNON, P. J., 1973 

The Application of Radar and Infrared Imagery to Quantitative Geomorphic Investigations 

Proceedings, Second Annual Remote Sensing of Earth Resources Conference, University of 
Tennessee Space Institute, Tullahoma, Tenn , March. 

Author's Abstract Quantitativegeomorpbc data were derived from airborne radarand 
tberinalinfrared imagery of an areain south-centralOklahoma. These data were carefully 
compated and contrasted with quantitative data taken from a detailed topographic and 
photographicstudy of the area. The usefidness of radar imagery as a quantitativegeomor­
pbic tool depends on the size of the area to be investigated, the relief, and the distribution 
of vegetation. Radarimageryprovidesuseable areal informationfor basinsgreaterthan 
30 square miles in area. Fromthe arealparameters,meaningful elongationratios,bifurca­
tion ratios, drainagedensities, and crenation ratios can be calculated. Infrated imagery can 
provide excellent geomorphic informationfor small basins. The detail of the information is 
dependent upon the altitude of acquisition Predrawn imagery can provide details of 
channel-ways in areasof dense vegetationthat cannot be seen on aerialphotographs. It can 
also provide a means to make an extremely accutate inventory of surface water distribution. 

CANNON, P. J., 1974 

Rock Type Discrimination Using Radar Imagery 

Remote Sensing of Earth Resources, Vol. III, Edited by F. Shahrokhi. The University of 
Tennessee Space Institute, Tullahoma, Tenn., xiii, 813 pp., pp. 339-352. 

Author's Abstract. Geologic mappingfrom radar imagery of the Wichita and Arbuckle 
Mountains of southern Oklahoma indicates that in areas of sparce to moderatevegetation, 
certain rock types can be readily discriminatedon the radarimagery. They can be dis­
tinguished because the returnsof radarenergy from rock outcropsare stiongly influenced 
by the geometry of the rock surfaces- The angular configuration exibited by the outcrop is 
the most importantfactorin returningthe propagated radar energy to an airbornereceiver 
The outcropgeometry can vary greatly between rock types due to the differences in grain 
size, rates of weathering,and structue. The scale of the outcropgeometry in ,elation to 
the wavelength of the propagatedradarenergy is also an influencingfactor of importance. 
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The radar used in this study was the Westinghouse, AN/APQ-97 (Ka-band) and the data were collected 
in 1965 and 1969 by NASA under the USGS Remote Sensing Application's Program. The author notes 
that ". . . rock type discrimination using radar imagery is possible by understanding the unique surface 
characteristics of various rock types." It is also noted that the subangular pebbles of the Cretaceous 
marls in the study area are considered to'.. provide the optimum geometry to return the K-band 
radar energy." Interestingly, the author notes that the blocky limestones of the Arbuckle Mountains 
apparently, due to the geometry of the outcrop, reflect radar energy in a manner similar to the granites 
of the Wichita Mountains. The separation of rock types in the areas studied is accounted for by the 
geometry of the rock surfaces. No comments concerning the microrelief relative to the wavelength, or 
incidence angle and other radar parameters are made. 

CANNON, P. J., 1976 

Critical Landform Mapping of Alaska Using Radar Imagery 

Proceedings, 2nd Annual W. T. Pecora Memorial Symposium. Sioux Falls, S. D., 25-290CT76, 
American Society of Photogrammetry, pp. 144-160. 

Authofs Abstract: A criticallandform is a phymograpbicfeature, pattern ofphysiographic 
features, or assemblage of such features, bicb is used to interpretgeologicprocesses and 
geologic features that have current economic importance. Naturalresourcesand the 
natural environment are of current economic importance in Alaska. Radarimagery has been 
acquiredof portions ofAlaska in order to supplement an informationshortage about 
environmentally importantgeomorpbicfeatures and associatednaturalprocesses The 
unique ability of radarimagery to enhance subtle geomorpbicfeatures provides information 
on a perceptual level that has, only recently, become available to scientistsin Alaska. This 
type of information is forcing a major change in the interpretationof the geomorphic history 
of Alaska. The geomorpbc history is based on the construction of a chronology of geomor­
pbic events. Currentspatial information and sequential observationsof much of the coastal 
areasof Alaska are necessary to investigators, charged with making environmentalevalua­
tzons of these areas. Radar imagery is the only remote sensing technique which can satisfy 
tbs necessity because of the weatherconditions and the winterdarkness of the Arctic. As a 
result, significant scientific information about coasts, sea ice, and glaciers has been recently 
obtained from radarimagery, which cannot be obtained by any other remote sensing 
technique. This information is being mapped, creatinga reference by which possible 
developmental impacts can be evaluated 

This paper presents a series of radar images (obtained from an unidentified real aperture X-band system) 
of several areas of Alaska. Little detail of the actual mapping is presented, with the exception of some 
landform maps and lineament maps of SE Alaska. The author may be guilty of somewhat inflated 
enthusiasm with such statements as "The detection and location of the lineaments across the Mapaspmna 
ice mass is unique and can be done only by using the radar imagery," and "The radar imagery provides 
more information about ice conditions than any other remote sensing techniques." The strength of the 
article is the numerous radar images, and it is this vehicle that is used to suggest the potentials for 
geomorphic mapping based on radar data. 

CARROLL, D. M. and R. EVANS, 1971 

The Application of Remote Sensing Methods to Soil Mapping in England and Wales 

Proceedings, 7th International Symposium of Remote Sensing of Environment, Report No. 
10259-1-X, Willow Run Laboratories of the Institute of Science and Technology, The University 
of Michigan, Ann Arbor, May, pp. 1443-1446. 

tA14 
OSF Wa~UTY 
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Authors' Abstract- Problems encountered while using airphotos for soil mapping in England 
and Wales and the currentprogramme of photointerpretationresearch in lowland arable and 
upland areas are described. Initial experience of colour aerialphotographysuggests that the 
additionalbenefits gained are small. Plansfor a trial of mnultispectraland thermal imagery 
are outlined. 

Following a brief discussion of aerial photography and thermal, imagery, the authors state the following 
concerning radar imagery for soil mapping: 

"Some sideways looking airborne radar imagery has-been inspected and compared with conventional 
aerial photography. The radar imagery has poor resolution, a diffuse and distorted nature and is marred 
by much shadow. All the features seen were also clearly recognizable on panchromatic prints. The sole 
advantage seemed to be the greater emphasis given to snome minor geomorphological features, and this 
type of imagery seems at present of little use in detailed soil Mapping." 

CARTER, W. D., 1969 

Annotated Bibliography of USGS Technical Letters - NASA Papers on Remote Sensing 
Investigations Through June 1967 

U.S. Geological Survey Open File Report, Technical Letter - NASA-86, ii plus 46 pp. 

Author's Preface' This annotated bibliographyincludes reports written as a result of 
feasibility studies in remote sensing by the U.S. Geological Survey working in cooperation 
with and funded by the National Aeronauticsand Space Administration (NASA) 'underits 
Earth Resources Survey Program. These reportscover a span of three years, from inception 
of the programin late 1964 through June 1967. It is intended that the bibliographywill be 
periodicallyupdated. 

Comments on the usefulness and content of this bibliography or suggestions for future 
revisedand updated editions or supplements are invited -

The work, citing 19 radar references, is organized into several major sections defined by the wavelengths 
of the EM spectrum used: (a) Photography, (b) Radar, (c) Infrared, (d) Ultraviolet. Two additional 
sections are applications of remote sensing and a list of all NASA Tech letters prepared by the USGS. 
Although the papers are considered as preliminary, and therefore not to be freely quoted, they are of 
interest to the scholar who wishes to observe the stages of progress of remote sensing studies. Many 
of the papers arc available through NTIS and are also included 'here. 

CHRISTIANSEN, R. L., et al., 1966 

Preliminary Evaluation of Radar Imagery of Yellowstone Park 

U.S. Geological Survey Technical Letter - NASA-30, July (NTIS No. N70 38847). 

Abstract: Preliminarystudies of radarimagery in the Yellowstone Park area show that it has 
certain valuable uses in regional geological reconnaissance 'Foremost among these ate its all­
weathercapability and wide areal coverage. Geologic.featuresare best expressed by topo­
graphic irregularitiesthat include lineaments (faultsand fractures), contrasting stream drain­
age patterns,and glacialdeposits. Distinctiveflow structuresin the surface of rbyolite 
flows enable one to distinguish them from ash flows and basaltic lava flows, whereas 
distinctive stream dissection patterns enable differentiationbetween lava flows and ash 
flows Imprecisionand variabilityof scale are consideredto be majordisadvantages. Fur­
tbermore, thereis no apparentexpression ofgrainsize, color or composition of rock 
types. 
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CLARK, M. M., 1971 

Comparison of SLAR Images and Small-Scale Low-Sun Aerial Photographs 

Geological Society of America Bulletin, Vol. 82, No. 6, July, pp. 1735-1742. 

Author's Abstract. A comparison of side-looking airborneradar (SLAR) images and black 
and wbite aerialphotos of similarscale and illumination of an area in the Mojave Desert of 
Californiashows that aerialphotos yield far more information about geology than do SLAR 
images because of greaterresolution, tonal range,and geometricfidelity, and easier use in 
stereo Nevertheless, radarcan differentiate some materialsor surfaces that aerialphotos 
cannot, thus, they should be considered as complementary, ratherthan competing tools in 
geologic investigations 

Tbe most significantadvantage of SLAR, however, is its freedom from she stnngent condi­
tions of weatber, date, and time that are requiredby small-scale aerialphotos taken witb a 
specified direction and angle of illumination. Indeed, in low latitudes,SLAR is the only 
way to obtain small-scaleimages wztb low illuminationfrom certain directions, moreover, 
in areas of nearly continuous cloudiness, radar may be the only practicalsource of 
small-scale images (Copyrigbtby GSA) 

The author also states, "The relative advantage of aerial photos will probably diminish as resolution, 
planimetric fidelity, and tonal range improve in future SLAR instruments. Moreover, in this compar­
ison of terrain nearly devoid of vegetation, aerial photos may show to their best advantage. Radar 
might be far more sensitive-to surface form and material than aerial photos in regions of heavy vege­
tation. However, this has yet to be reported in a comparison using photos of comparable scale and 
illumination. 

"Some studies also indicate that the low resolution and, possibly, high contrast of small-scale radar 
images suppress distracting detail and thereby reveal subtle regional features such as lineaments. 
However,, this benefit of radar has ...not yet been demonstrated .... (See also- Lyon, R. J., 
P. J. Mercado, and R. Campbell, Jr., 1970.) 

CLARK, M. M., 1973 

Comparison of SLAR Images and Small-Scale Low-Sun Aerial Photographs: Reply 

Geological Society of America Bulletin, Vol. 84, No. 1, January, pp. 359-362. 

No Author's Abstract 

This paper completes the discussion of an earli&r paper by Clark (1971) and a discussion by Dellwig 
and McCauley (1973). The author contends that his original conclusions are not altered by the discus­
sion. His approach, quite valid, is that SLAR is useful for much-geological work, but the usefulness 
has not been as adequately demonstrated as some researchers would claim. SLAR and aerial photo 
illustrations are included in support of the arguments. (See also: Dellwig and McCauley, 1973.) 

COINER, J. C. and L. F. DELLWIG, 1972 

Similarities and Differences in the Interpretation of Air Photos and SLAR Imagery 

Proceedings, Technical Program, Electro-Optical Systems Design Conference, New York, 
12-14 September, pp. 89-94. 
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Author's Summary. Of the object recognition elements originallydefined for photo 
interpretation,only shape, pattern, and size have directparallelsin the interpretationof 
SLAR imagery. This must be qualified by the systems limitation (resolution)of the SLAR. 
Tone, shadow and texture, criticalin any type of interpretation, are highly dependent upon 
the remote sensing system being employed, and no direct parallel exists for these terms 
between airphoto and SLA R image analysis. In aerialphotographs,these terms are descnp­
tizve of the amount and angle of reflectedsolar energy, while in SLAR images, the 
terms are descriptive of backscatter (influenced by frequency, resolution and depression 
angle of the system) from the scene being sensed Therefore, terminology originally 
developed for one system (aerial photography)should be employed with extreme caution 
to interpretationof imagery acquiredby other systems, specifically SLAR. (Reprinted 
from Proceedingsof the 1972 Electro-OpticalSystems Design Conference. Copyright©D 
1972 by Industrialand Scientific Conference Management Inc ) 

The crux of the argument presented in this paper is that the terms developed for use in aerial photo­

graph interpretation can be used only with caution when applied to SLAR imagery interpretation. This 

reviewer has some difficulty understanding this admonition by the authors because the terms in both 

applications are defined in precisely the same manner. What is being changed is the wavelength of the 

energy which is being studied. This is pointed out by the authors when they state ". . . the data that 

tone expresses are highly related to the realm of the em spectrum where the sensor operates." In this 
one sentence, much of the basis for their argument is destroyed. Nonetheless, the paper reemphasizes 

some subtle-points which are often missed by fledgling SLAR interpreters when attempting to transfer 

their aerial photographic knowledge to this new image type. Therefore, it is well worth the reading by 

new SLAR interpretation students. 

COOPER, J. R., 1966 

Radar Imagery of Twin Buttes Area, Arizona Test Site 15 

U.S. Geological Survey Technical Letter - NASA-28, May, 15 pp. (NTIS No. N70 40311.) 

Abstract: Outcrops of glass-rich igneous rock appearas conspicuousdark spots on the 
depolarizedradar image but are obscure on the polarized image and on aerialphotographs 
Both types of radarimagery clearly outlined an ancient, previously unrecognized flood 
plain. 

DAILY, M., et al., 1978a 

Application of Multispectral Radar and LANDSAT Imagery to Geologic Mapping in Death Valley 

Publication 78-19, Jet Propulsion Laboratory, Pasadena, Calif., March 30, ix, 47 pp. plus figs., 

tables, refs. (NTIS N78-30635.) 

Authors' Abstract: The purpose of this study was to apply the techniques of computer 
image processing to data sets from sensors operatingin visible and microwave wavelengths as 
an aid to discriminating surficial geologic units 

Side-Looking Airborne Radar (SLAR) images acquired by JPL and StrategicAir Command 
systems and visible and near-infraredLANDSAT imagery were applied to studies of the 
Quaternaryalluvial and evaporite deposits in Death Valley, California. Unprocessed radar 
imagery revealed considerablevariation in microwave backscatter,generally correlatedwith 
surface roughness-

Individual images were registered to a common geographicbase by first manually selecting 
an array of tiepoints and then geometrically distorting the images in a computer The 
registeredimages were ratioed,picture element by picture element, then contrast-stretched 
to enhance the spectral differences. 
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ForDeath Valley, LANDSAT imagery is of limited value in discriminating the Quaternary 
units except for alluvial units distinguishable by presence or absence of desert varnish or 

evaporite units whose extremely rough surfaces are strongly shadowed. 

In contrast, radarreturns are most strongly dependent on surface roughness, a property 
more strongly correlated with surficial geology than is surface chemistry. While no single 
radarband-is capable of separatingall the surface units, use of two frequencies. (1) X-band, 
X= 3 cm and (2) L-band, X= 25 cm, and two polarizations (1) vertical-transmit, 
verical-rebeive (VV) and (2) vertical-transmit,horizontal-receive (VH) permits complete 
separationof all units except the two youngergravel units (Qg3 and Qg4 and the enfant 
terrible of the study, the floodplain (Qf). By includingany one LANDSA T band, Qg3 
and Qg4 become distinguishable,while Qf remains intractable 

Microwave scattenng mechanisms in the Valley include specular reflection, diffuse 
(depolarizing),multiple scattenng, and the effects of penetration. 

This paper consists of seven major sections, of which Section 4 (Radar Imagery) and Section 6 (Digital 
Image Processing) are possibly the most interesting. The text is quite detailed with the descriptions of 
the various surfaces encountered in Death Valley. Although the data were digitized, and therefore it 
was possible to present the images in an (uncalibrated) quantitative way, the authors chose to discuss 
the radar image brightness as "estimated by eye." This seems to have reduced the purpose of digital 

imagery to registration only. The bulk of the paper deals with presentation of the geologic scene and 
discussion of the registration techniques used. In this respect, especially for the latter, it is an 
exceptionally tutorial paper. 

DAILY, M., et al., 1978b 

Discrimination of Geologic Units in Death Valley Using Dual Frequency and Polarization 

Imaging Radar Data 

Geophysical Research Letters, Vol. 5, No. 10, October, pp. 889-892. 

From Authors' Abstract: Simultaneous analysis of dual frequency and dualpolarization 
radarimagery of a portion of Death Valley, California, has yielded a nearly complete dis­
crminationof surficialgeologic units. Radar imagery in the like polarized L-band and 

crosspolarizedL-band and like polarized X-band were digitally combined and ratioed to 
enhance the variation in the backscattercross-section of the different geologic units. In 
the case of Death Valley, the variationbetween the different geologic units is clearly 
reflected in the surface roughness or particlesize These, in turn, have a strong affect 
on the radar backscatter cross-section. 

This short paper notes that the cross-polarized backscatter cross-section is proportional to the overall 
roughness spectrum of the surface, In addition, for surfaces covered by discrete scatterers, the like­
polarized-return is related mainly to the size of the scatterers, whereas the cross-polarized return is 
apparently related primarily to the density of the scatterers. The authors also make the case for 
distinguishing between the surface roughness and the dielectric roughness. This distinction is especially 

important in areas where there may be water immediately under the surface, which is quite dry. Such 
a situation is observed in Death Valley, Calif. Unfortunately, the system of citation used in the text is 
not continued in the references and the reader cannot pursue points made by the authors. 
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DALKE, G. E. and R. M. McCOY, 1969 

Regional Slopes with Non-Stereo Radar 

Photogrammetric Engineering, Vol. 35, No. 5, May, pp. 446-452. 

Authors' Abstract: Two monoscopic radar images of the same area of terrain can be used for 
measurement of regionalslopes. By measurng the lengths of individualslopes on each of the 
images, and knowing the look angle at each point across the images, the angle of each slope 
can be computed. The two pieces of imagery may be taken from opposite sides of an areaor 
both from the same side. Accuracy for individual slopes is fair, but for regional mean slope­
the accuracy is high 'Compensation can be made for apparentslope, and ground range or 
slant range display systems. (Copyrighted by the American Society of Photogrammetry.) 

DELLWIG, L. F., J. N. KIRK, and R. L. WALTERS, 1966 

The Potential of Low-Resolution Radar Imagery in Regional Geologic Studies 

-journal of Geophysical Research, Vol. 71, No. 20, October, pp. 4995-4998. 

No Authors' Abstract. 

This paper, published in the "letters" section of the journal, presents the argument that although 
resolution cell size of operating radars is being constantly decreased, a fairly large resolution cell size for 
the study of regional geologic structure definitely has advantages. Using X-band (3.2-cm) brute force 
radar with a range resolution of approximately 15 in and an azimuth resolution of 208 m at 90 kin, the 
authors were able to detect lineaments which were not detected on either low altitude (1:20,000) aerial 
photography or from low-flying aircraft or ground observations. After citing some data which is in­
terpreted as showing the lack of influence of varing precipitation rates in the study area, they state that 

both the wavelength and the variations in evaporation may be excluded as major factors affecting the 
radar backscatter. Scale is considered as one of the major significant factors in bringing out the linea­
ments, together with the low resolution (which suppresses vegetation, minor streams, etc.) and the broad 
coverage (the mapping range of the X-band system was 2.8 to 90 kn on each side of the aircraft). For 

comparisons, they present a Ka-band image, having improved resolution, of the same area that has been 
imaged with X-band. Although the radars viewed in opposite look-directions, linear patterns are more 

easily detected on the low-resolution X-band system. 

DELLWIG, L. F. and R. K. MOORE, 1966 

The Geological Value of Simultaneously Produced Like- and Cross-Polarized Radar Imagery 

Journal of Geophysical Research, Vol. 71, No. 14, 15 July, pp. 3597-3601. 

Authors' Abstract: Westinghouse radar(AN/APQ-97) was used in the vicinity of Pisgah 
Crater,California Fourpolarization combinations were available The combination of terrain 
slope, polarizationand look angle of the radar both obscured and enhanced the contacts of 
various rock and sediment units The suggestion is made that surface roughness rather than 
contrastinglithologies may be the controllingfactorin the depolarization of the radar. This 
is a fairly early paper in this area of research. (Abstract copyrighted by American Geo­
physical Union) 
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DELLWIG, L. F., 1968 

Pluses and Minuses of Radar in Geological Exploration 

Earth Resources Aircraft Program Status Review, Vol. 1. Geology, Geography and Sensor Studies, 

NASA, MSC, Houston, September, pp. 14-1 to 14-25. (NTIS No. N71 16126.) 

No Author's Abstract. 

"The purpose of this presentation is to ... outline the unique contributions of radar in geological 

investigations, to point out weaknesses, and suggest needs for further investigations." 

The author considers that the major usefulness of radar will come in areas which are difficult to map, 

for regional work, and in areas which presently lack proper mapping. In small-scale studies, radar value 

may not be lost, but it will probably be decreased. It is here with the detailed geologic studies that 

radar polarization and wavelength variations will have their greatest significance. Several examples are 

given: Darien Province, Panama; Cane Springs, Arizona; Pisgah Crater, Calif.; together with some ad­

ditional work in the Wasatch Range, Utah and the Boston Mts. of Arkansas. Generally, inears not 

visible on aerial photomosaics were detected on the radar images. With longer wavelengths (P-band) 

there was some penetration of windblown silts at the California site. Also, the longer wavelengths 
"smoothed" several surfaces and the author states that "the real value of long-wavelength radar . . . is 

not its penetrative capability or any other single factor per se, but its unique total response to terrain 

characteristics, as compared to a shorter wavelength radar system." 

Radar shortcomings included: (1) look-direction dependency, (2) impracticality of making mosaics from 

slant-range imagery, (3) radar shadowing in areas of high relief, (4) distortion caused by slant-range 

presentation, and (5) displacement of elevated features caused by layover. 

One set of examples shows how one terrain element, the drainage net, changes with look direction. 

Some suggested areas of research for geoscience radar are the effects of look direction on radar signals; 

a greater effort needs to be directed toward the evaluation of the remote sensing system as a whole. 

A 25-page appendix documents the paper with illustrations of the discussed imagery and statements of 

the outlines and summaries of the work conducted at the several sites. 

DELLWIG, L. F., J. N. KIRK, and L. H. JEFFERIS, 1968 

The Importance of Radar Look-Direction in Lineament Pattern Detection 

Presented at the Annual Meeting, Geological Society of America, Mexico City, 11-13 November. 

Special Paper 121, Abstracts for 1968, Boulder, p. 72 (abstract only). 

Authors' Abstract The value of radarfor ineament detection has been demonstrated In a 
number of studies and in a variety of terrains Although lineamentsae generally better 

defined on radarimagery than on conventionalaerialphotographs,questions have arisen as to 
the degree of dependency of radar-lineauventdetection on look-direction. 
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An experiment was conducted in the Boston Mountains ofArkansas utilizing eight different 
imaging passes over the same geographicarea by a K-band side-looking radarwith all terrain 
and operationalparameters,except look-direction, held nearly constant during the over 
flights. Results of this study must be considered applicable only for terrainsimilar to that 
of the Boston Mountains. 

This study indicates that, to some degree, look-direction of the radarsystem does influence 
the radariecording of radar lineaments. However, the influence of look-direction is not 
sufficient to invalidate the use of radarimagery for lineament studies, or to require multiple­
imaging passes over a terrainin order to record major ineament trends. (copyrighted by 
GSA.) 

DELLWIG, L. F., H. C. MacDONALD, and J. N. KIRK, 1968 

The Potential of Radar in Geological Exploration 

Proceedings, Fifth Symposium on Remote Sensing of the Environment, Report No. 4864-18-X, 
Willow Run Laboratories of the Institute of Science and Technology, The University of Michigan, 
Ann Arbor, April, pp. 747-763 (NTIS No. AD 676 327). 

Reprinted in: Tulsa Geological Society Digest, Vol. 36, 1968, pp. 26-42. 

Authors' Abstract: At the present time, side-looking airborne radars (SLAR) are most 
useful to the geologistfor regional studies of remote, previously unmappedareas. Imaging 
,adarsystems may ultimately be most valuable for conducting regionalinvestigations,but 
areas requiringdetailed investigation can benefit from SLAR 's unique ability to present 
ceitain types of data. Regardless of the nature of the study, dual-polarizationimagery has 
proven the most effective in geologic investigation. 

In regional studies, radarshould be the primary,and in some instances may be the sole 
sensor. The value is best demonstratedin areas where photographiccoverage is not possible 
(or feasible) and where ground investigations are difficult or impossible. Gross structural 
patternsaie well-displayed on SLAR imagery because of the radar's capability to continu­
ously imagewide swaths of terrain. Such a use takes maximum advantageof the relatively 
low resolution,which suppressesdistractingand redundantdetail. SLAR is especially valu­
able in the detection of regional-scalelineaments, and has demonstrateditself superiorin 
most instances to aerialphotographyfor such studies 

In detailed studies, the significant contribution of radarlies primarily in the detection of 
subtle changes of htbology In some instanceslitbologic changes appearto be directly 
responsiblefor isolating anomalous areas. In other cases, the delineationof rock type may 
he achieved indirectly from radar imagery through examination of fracture textures, patterns 
of weathering, topograpby and-vegetation. The full geologic significance of SLAR systems 
has not yet been demonstrated,however, it is anticipated that the value of radarto the ge­
ologist will he greatly enhanced when improved multi-band and dual-polarizationsystems 
can be utilized to obtain geologic data. The value of long-wavelength imagery will be real­
ized only when it is produced simultaneouslywitb X- or K-band imagery 

The emphasis in this paper is the use of radars for regional geological exploration. No quantitative data 
are included, but several good images are given to illustrate the discussion. The authors warn against the 
"ivariety of baseless or unqualified claims regarding the value of radar" for use in geological (and other) 

work. 
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DELLWIG, L. F., 1969 

An Evaluation of Multifrequency Radar Imagery of the Pisgah Crater Area, California 

Modern Geology, Vol. 1, No. 1, November, pp. 65-73. 

(Also: CRES Technical Report No. 118-6, September, 1968.) 

Author's Abstract: The Pisgab Cratertest site has been imaged by several different radar 
systems Although simultaneous imaging by K-, C-, and P-band radarsbas not been 
realized, cautious comparison (recognizing the influence of variationsin system and surface 
parameters)of available, nonsimultaneouslyrecorded imagery point to the value of simul­
taneous imaging by long and sbort wavelength systems. The imagery evaluated has well 
documented the wavelength dependence of the return signalfrom some cultural and 
natural pbenomena Variationsin returnwere primarily a function of surface roughness 
altbougb some penetrationby long wavelengtb radarwas also demonstrated. 

A detailed account of the interpretation of radar imagery from three bands of one area includes an 
identification of eleven- different natural and cultural items. A table facilitates the comparison of features 
indicated on accompanying imagery with the different radar bands. It appears that there was P-band 
penetration of up to 1.8 m in areas of windblown silts. An appendix gives a geologic description of the 
area. (See also: Ellenneier, R. D., D. S. Simonett, and L. F. Dellwig, 1967.) 

DELLWIG, L. F., and C. H. BURCHELL, 1971 

Side-Look Radar: Its Uses and Limitations as a Reconnaissance Tool 

Presented at the 51st Annual Meeting, Highway Research Board, Washington, 17-21 January 1972. 

Highway Research Abstracts, Vol. 41, No. 12, December, pp. 71-72 (abstract only). 

Authors' Abstract: The short-time imaging of DarienProvince, Panama, and the subse­
quent analysis of the imagery by geoscientists indicated a greatpotentialfor side-look 
radaras a reconnaissancetool in many areas of earth study, particularlywhere climatic 
conditions are adverse to aerialpbotograpby Evaluation of additional radarimagery from 
other environments has demonstratdd the reality of this potential Rapid, all-weather 
imaging and the resultingsynoptic, ground-rangepresentationpoint to radaras a valuable 
first-look tool From acquisition-scaleimagery orfrom an easily assembled mosaic, relief 
and slope data can be obtained,drainagepatterns and basins can be accurately defined, 
and bedrock geology, surface material,and vegetation studies can be conducted. Struc­
turalconfigurationof bedrock and fracture patterns can also be determinedwith a bigb 
degree of accuracy. Utilizing the dual-polarizationcapabilityof radarpermits, in addition, 
the qualitativedetermination of soil moisture content and may provide added vegetation 
data. The charactensticsof the radarsystem as well as the factors that influence radar 
return should be known by the user not,only for interpretationbut also for mission 
planning. The ability of side-look radar to rapidly acquire data under all-weather con­
ditions offset the limitationsof the relatively high cost for small-areasurveys and a 
resolution capability less than that of the aerialphotograph. The prime value of radaris 
realizedfrom its synoptic presentation in the early stages of a survey. 
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DELLWIG, L. F. and J. McCAULEY, 1973 

Comparison of SLAR Images and Small-Scale Low-Sun Aerial Photographs: Discussion 

Geological Society of America, Bulletin, Vol. 84, No. 1,.January, pp. 357-358. 

No Authors' Abstract. 

This paper is a discussion of the article by Clark, M. M., 1973, in this bibliography. It is pointed out 
that the data used by Clark were rather old and did not reflect the most recent changes in the radar 
systems available at the time of publication. This may be of minor import with respect to Clark's 
argument because he was treating his data honestly and making an evaluation of the best available to 

him. The authors of this article did not point out that they had been, for numerous years, in an advan­
tageous position for obtaining recent radar data. Comments by these authors, with respect to Clark's 
paper tend to be rather self-serving and picayune- (See also: Clark, M. M., 1971 and 1973.) 

DELLWIG, L. F., et al., 1975 

Use of Radar Images in Terrain Analysis: an Annotated Bibliography 

ETL Report 0024, U.S. Army Engineer Topographic Laboratories, Fort Belvoir, Virginia. 

RSL Technical Report 288-2, University of Kansas Center for Research, Inc., Lawrence, Kansas, 
September, 318 pp. (NTIS N76-29693.) 

Author's Abstract: An annotated bibliographyof articles, papers, and reports dealing with 

the applicationof imaging radarsystems to the geosciences has been prepared to meet 
the needs of both the potential userof radarimagery and-the researcher in the field of 
tactical terrainanalysis., To aid the uninitiated,the pnnciples of imaging radarsare de­
scnbed in an introductory section. Followingare bibliographicentries that have been 
preparedfor those pertinentpublications produced since the earliestdays of imaging 
radars up to the piesent time (May 1975) When available, the author's own abstract has 
been reproduced;in other cases, summaries have been preparedby the reviewer of the 
entry. In many cases, comments of the reviewers are included to point out publications 
of major importance,to underscoresignificantconclusions, and to expose those con­
clusions that are unfounded based on the research described. When actual radarimagery 
has been used in a publication, the location and date of the imagery as well as the system 
that acquiredit are noted in the bibliographicentry. Author affilitiations at the time of 
publication are also included in a separatesection. An exhaustive cross-reference index 
has been prepared to aid in identifying those papers that are even in a small partpertinent 
to any geoscience displine, system parameterevaluation, or imaging radarsystem. 

DELLWIG, L. F. and J. E. BARE, 1978 

A Radar Investigation of North Louisiana Salt Domes 

Photogrammetric Engineering and Remote Sensing, Vol. 44, No. 11, November, pp. 1411-1419. 

Authors' Abstract: An imaging radarmission over the North Louisiana Salt Dome area 

was designed to explore the possibility ofproviding terrain data concerningfaulting as­
sociated with solution collapse and/or upward movement of the salt as well as doming 
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over the salt mass itself. To maximize the possibilitiesof data acquisition,the mission 
was flown to provide ortbogonal looks at minimum depression angles in order to accentu­
ate the minimal terrain reliefin this area. However, terrain slopes (generallyless than 
depression angle), vegetative cover, and lack of expression of structure provided a surface 
environment from whicb structural data could not be extracted in spite of the bigh 
quality of the imagery 

An X-band (12-meter resolution) system was used to obtain the imagery. Depression angles of 5 deg to 
15 deg were used for the data collection. Although no structural information was forthcoming from 
these data, it is noted that vegetation can be discriminated (pines vs broadleaf) in that the broadleaf has 
a stronger backscatter. Several domes and 'anomalies' (suspected salt domes) were seen on the imagery, 
primarily through the vegetation patterns. The authors concluded that "radar is basically a reconnais­
sance tool." Also, they conclude that the fact that radar was not suitable for identifying structure 
associated with the salt domes does not argue that radar cannot be effective in other'investigations. 
Additional analysis of the vegetation patterns and overall organization would have greatly improved -this 
publication. 

DRAKE, B., 1972 

Applications of Side-looking Radar to Geologic Investigations 

Wagner, T. et al, Tunnel-Site selection by Remote Sensing Techniques, Report No. 10018-13-F, 
Willow Run Laboratories of the Institute of Science and Technology, The University of Michigan, 
Ann Arbor, September, x + 91 pp., pp. 68-79. 

Report Abstract: A study of the role of remote sensing forgeologic reconnaissancefor 
tunnel-nite selection was commenced Forthis study, remote sensing was defined as 
ultraviolet to thermal infraredmultispectral scanning,X- and L-band synthetic aperture­
radar, and aerialphotography- Datafrom these sensors were processedand evaluated in 
terms of their complementary use. In addition to general geologic interpretationand 
evaluation of remote sensing, specific work was performed to improve the state of the 
an and thereby contribute to bettergeologic interpretation. Our areas of study 

included (1) image ratioingto indicate S1O 2 and iron oxide content, representingthe 
final step toward compositional (orbtbologic) remote sensing in geology; (2) the analy­
sis andprocessing of remote sensing datafrom a glacialdrift regionfor which level 
slicing, ratioing, and multichannel statistical pattern recognition-ofmultispectraldata , 
were employed, also, the correlation of thermal variation studies, aerialphotographs,and 
radarimagery to obtain information on soils,geology, and hydrology; and (3) the 
analysis of two-frequency multipolarnzed radarimagery in terms of its capability to 
delineate geologicfeatures This report can be used tutorally on the dataprocessing 
and basic instrumentation-ofconventional remote sensing. Future research directions 

are suggested, and the extension of remote sensing to include airbornepassive micro­
wave sensor systems, magnetometry, gamma-raysensors, gravimetry, and airborne elec­
tromagneticsoundingsystems is discussed 

This portion of the larger paper is essentially a short review of the use of SLAR in geologic interpre­
tation of the terrain. The various aspects of the terrain as they affect backscatter are mentioned. Two 
features of radar interpretation seldom discussed in the literature are included: 

(1) 	 The use of the wide dynamic range of radar and'the possibilities of recording this on a film 
with a much smaller dynamic range (15-20 dB for film, 50 dB or greater for radar). 

(2) 	 A brief discussion (by R. Mitchell) concerning th& enhancement of geologic features by 
various types of optical processing. 

The development of an analogxro-digital converter with its applications to radar interpretation tech­

niques is mentioned. 
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ELDER, C. H., P. W. JERAN, and D. A. KECK, 1974 

Geologic Structure Analysis Using Radar Imageryof the Coal Mining Area of Buchanan County, VA 

Report of Investigations 7869, U.S. Dept. Interior, Bureau of Mines, Washington, D.C., ii, 29 pp. 
(Report prepared by Pittsburgh Mining and Safety Research Center, Pittsburgh, PA.). 

Authors' Abstract. An analysisof the geologicstructure of an area of Buchanan County, 
Va., was made by the Bureau ofMines using imagery from an airborneANIAPQ-9 7 side­
looking radarsystem to evaluate the mapping technique for delineatingstructural 
featuresthatmay cause mining problems. Side-lookingairborneradar(SLAR) was found 
to be a useful remote sensng toolforgeologicstructuralanalysis. Faultandjoint systems 
identifiedby lineamentsand linearpatternsin the imagery were verified by surface and 
in-mine observations. Little Paw Paw fault was extended 10 miles by SLAR lineament 
analysis A 22-mile fault, here named the Bishop-Bradsbaw Creek fault, was mapped by 
lineamentanalysisandverified by observationsof thefault on the Bishop Coal Co. mine 
map and on offset patternsof commercialgas production along thefault, andsurface 
observationsoflineament alongthe fault. Three majorsuperimposedjointsets and 
severalfault orfracturezones were identifiedby SLAR lineamentanalysis,showing more 
complex structure than earliermapping indicated. SLAR imagery accurately delineated 
structuralfeatures that are known to affect gas migration andaccumulation and that 
weaken the rock farming the immediate room to mine workings, causingminingproblems 

andpotentially hazardous environment in the mines. 

Two sets of radar flights, forming two mosaics at two different look directions, were prepared for the study. 
These mosaics were interpreted using conventional (air photo) techniques, and also through Ronchi 
gratings. The latter made the lineament direction somewhat more conspicuous. A brief description of the 
geology of the study area in the KY/VAIWV area is presented. With respect to the SLAR analysis, numer­
ous faults, joints, and other lineaments are detected and related to the previously known geology. There 
was excellent agreement between the two data sets ("ground truth" and SLAR), and several faults were 
extended beyond their previously mapped boundaries following more thorough investigations based on 

SLAR analysis. It is stated that SLAR analysis provided a better representation of the regional geologic 
structure than did air photo analysis, defined many more faults and tectonic details than had been previously 
mapped, and can be used as a guide for the best locations for drilling holes to drain gas for both production 
and mine drainage. Several excellent mosaics are included in the paper. 

ELLERMEIER, R. D., A. K. FUNG, and D. S. SIMONETT, 1966 

Some Empirical and Theoretical Interpretations of Multiple Polarization Radar Data 

Proceedings, Fourth Symposium on Remote Sensing of the Environment, Report No. 4864-11-X, 
Willow Run Laboratories of the Institute of Science and Technology, The University of Michigan, 
Ann Arbor, April, pp. 657-670 (NTIS No. AD 638 919). 

Authors' Abstract- Interpretation of radarbackscatter return is rapidlygainingpromnence 
as a valuable adjunct to the eartb-scientist'sinterpretive tools. Experiments using aircraft­
home polypolarisationradarshave shown that terrainphenomena are zdentifiable and that 
inferences, at least, may be drawn as to the compositionalnature of these phenomena. 
Such interpretationhas been largely subjective to date due to the lack of analytical tech­
niques for the prediction of the effect of terraindepolarization on the radar return Re­
cent theoreticalwork at the University of Kansas (CRES Report 48-5, 1965) has shown, 
however, that to a first order approximation. 

(1) 	 the directpolarized backscattered radarsignal is proportionalto the product of the 
appropriateFresnel reflection coefficient and the sum of the cosine of the angle of 

incidence and a slope term measured along the terrainprofile in the plane of incidence, 
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(2) 	 the cross polarized backscattered radarsignal is proportionalto the pr6duct of the sum 
of the two Fresnelreflection coefficients and the slope measured along the profile 
perpendicularto the incident plane. 

Thus, a measure of the surface roughness may be obtained by proper instrumentation of the 
direct and vross polarized components of the signalreturn. This development is unique in 
that the crosspolarized as well as the directpolarized return components are explicit in the 
formulation. 

Empirical evidence supportingthe theoretical study has been obtainedfrom analysis of 
multiple polarization imagery using single frequency direct and crosspolarized radardata. 

Basically, the paper provides qualitative data to support earlier theoretical determinations by one of the 
authors (Fung) concerning the radar backscatter from the terrain. The area used for the study was 

Pisgah Crater. Briefly stated, the authors noted that the cross-polarized term is greatest in areas where 
the terrain slope is normal to the incident plane and the like-polarized term is relatively greater where 
the terrain slope is greatest in the plane of incidence. The assumption of reciprocity made by Fung's 
formulations is supported; that is, HV and VH returns are the same, assuming also that all other things 
are equal. Hence, either one of these returns can be discarded during interpretation without loss of 
information from the radar imagery. Several sets of imagery support the authors' arguments. The 
paper warrants careful study of both text and imagery. 

ELLERMEIR, R. D., D. S. SIMONETT, and L. F. DELLWIG, 1967 

The Use of Multi-Parameter Radar Imagery for the Discrimination of Terrain Characteristics 

IEEE, International Convention Record, Part 2, New York, March, pp. 127-135. 

Authors' Abstract: This paper illustratesthe use of radarimage combination and enhance­
ment techniquesfor the discrimination of terrain characteristicsusing multiple polarization 
radarimages. Examples of these techniques used both for agricultural and naturalvegeta­
tion discriminationare described and discussed Also shown are examples of the effects of 
variation of radarwavelength for the discriminationof geologicphenomena 

Parameters considered are (1) frequency, (2) transmitted polarization, and (3) received polarization. A 

brief description covers the image discrimination and enhancement equipment as well as the color dis­
play equipment used. With respect to discriminating crops and natural vegetation, the following is 
stated: "Radar has demonstrated that it can detect changes in crops through a growing season, but the 
demonstration has only been in a limited set of experiments with radars operating between one and 
four centimeters." This work was done in Kansas, and, in general, concerns sugar beets, alfalfa, grain 
sorghum and bare ground. Discrimination for these several categories has been quite good and tremen­
dously aided by the color enhancement. For natural vegetation an Oregon test site was selected and 
the discrimination (successful) confined to differences between pine, sagebrush, and grassland. The 
investigation was at that time in the elementary stages, but said to be very promising. 

A second portion of the paper deals with geologic studies in the Pisgah Crater area, California. Data 
presented show some radar penetration into the dry sand, and reflections from lava surfaces below. 
High reflections also from the areas of phreatophytes were attributed to a combination of mounds of 
sediment around the bushes and penetration and reflection from the more moist areas around the bush 
root-structure. The playa surface patterns resulting from dessication cracks are better differentiated on 
radar imagery than on aerial photographs. (The scale of the comparison photographs is not given.) This 
is a fairly important paper, and one packing a maximum amount of information into the space allocated 
to its publication. It is unfortunate that the color pictures referred to could not be reproduced. 
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ELLISON, J. H. and L. 0. WILLIAMS, 1969 

Measurement on Radar Images of Number'of Valleys Per Unit Area as a Discriminant of 
Sedimentary Rock Types in the Physiographic Regions of Tennessee 

Remote Sensing Institute Technical Report No. 7, East Tennessee State University, Johnson City, 
34 pp. (Contract: Office of Naval Research: N00014-67-A-0102-0001.) 

Authors' Introduction: The purpose of this paper is to evaluate the feasibility of using a 
parameter of topographicexpression that can be measured on a radarimage, as an indicator 
of differing sedimentary rock types. To do this, the authors studied the radarimages of 
8 areas of gouthern Tennessee and compared the valleys, per unit area, as measured thereon 
to the existing topographicand geologic maps ... 

Authors' Conclusions: (1) Discriminationof sedimentary litbologies in a humid climate by 
isopletbing averagenumber of valleys intercepted by the six radii of hexagonal cells on gid 
overlays of a radar image is not possible with any degree of certainty. (2) The average 
number of valleys per unit areaas measured on radarimages of eight areas in the pbysio­
graphicprovinces of Tennessee does suggest underlying sedimentary Irtbologies because 
there are more valleys per unit area on relatively impermeable clays and shales than on 
more permeable sandstones, limestones, dolomites, and alluvium. It follows, where adjacent 
sedimentaryrock units are sufficiently different in Itbology, that this method can be used 
only as an aid to discriminaterock units 

See also: Williams, L. 0., 1968, 1969. 

EPPES, T. A. and J. W. Rouse, Jr., 1974 

Viewing-Angle Effects in Radar Images 

Photogrammetric Engineering, Vol. 40, No. 2, pp. 169-173. 

Author'i Abstract: A quantitativedetermination of the effect of viewing angle on the 

detectability of topographiclnears in radarimagery is presented. Variationsof azimuth 
and aspect angles of an imaging radar antenna relative to a topographic linear were simu­
lated using low-angle illumination of controlled linear features on polystyrene sheets. The 
several model surfaces represented idealized versions of surface types that may be expected 
in areas ofgeologic-interest. Fouriertransform spectra of the radarimage simulationswere 
obtained using a coberent-opticssystem. These spectrawere found to correlate with a 
detectabilityfactorobtained directly from the radar image simulations. Fouriertransform 
spectra of a linearfeature observed from multiple viewing angles by a K-band imaging radar 
were also obtained and a detectabilityfactorwas estimated which agreed closely with 
theoretical predictions. 

The detectability factor of features off-normal can be improved by spatial filtering in the Fourier plane 
of a single look direction. 

The practical effect of the viewing-angle dependence of radar images is to reduce the accuracy of 
lineament maps obtained from these data. (From: Dellwig, et al., 1975.) 

EVANS, D. L., 1978 

Radar Observations of a Volcanic Terrain: Askja Caldera, Iceland 

Publication 78-81, Jet Propulsion Laboratory, Pasadena, Calif., October 1, vii, 39 pp. 
(NTIS N78-33645.) 

Author's Abstract: Surface roughness spectra of nine radarbackscatter units in the Askja 
Calderaregion of Icelandwere predicted from computer-enhanced like- and cross-polarized 
radarimages. A field survey of the caldera vastben undertaken to check the accuracy of 
the preliminaryanalysis. There was good agreement between predicted surface roughness of 
backscatter units and surface roughness observed in the field. In some cases, variationsin 
surface roughness could be correlatedwith previously mapped geologic units. 
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This paper, consisting of four major sections (geologic setting, radar images, computer image processing, 
and radar response to surface materials) is primarily a description of the basic processing of radar images 
(LHH, LHV) of a volcanic terrain. Nine backscatter units of the volcanic terrain were identified on the 
radar imagery. These were then scanned and the DN values of the data were identified for each of the 
backscatter units. No mention is made of the fact that the radar was not calibrated, and therefore the 
project may not be repeatable. Numerous scan lines are given, and inference relating the roughness to 
the DN values is made. Within the limited amount of data available, it is noted that the curve relating 
relative power of the radar backscatrer (in dB) to the roughness of the surface has a decided knick­
point. This is a result similar to that described for Death Valley in Schaber, et al., 1976, upon which 
this paper is heavily dependent. Numerous 'excellent ground photographs that comprised the majority 
of the field survey, are included. No conclusions or discussion of the presented material are included 
in the paper. 

FEDER, A. M., 1959 

Radar as a Terrain-Analyzing Device 

Geological Society of America, Bulletin, Vol. 70, No. 12, December, pp. 1804-1805 (abstract 
only). 

Author's Abstract: Conventionalradarscan gather terraininformation often denied other 
sensors while automaticallyperforminga concurrentanalysis of the data collected. Addi­
tional values are the nearly all-weather capability of radar,the relatively large-areacoverage 
possible, and the trend towardgeodetic accuracy ofPP-type displays. 

K -band terrainreradiationcurves demonstrate bow in World Warr I1 the subject use of 

radarcould have precluded an unnecessary loss of lives. The casualtiesresulted from the 
inability of aerialphotograph to penetratedense vegetation. Some X- through Ka-band 
reradiationdata show radar'sability to interpretsurface textures, moisture content, and 
snow cover for trafficabhitypurposes and texture and composition for civil engineering 
and geologic purposes. 

In all these applications,radar is stressed not as a panaceafor terrain analyses but as a 
heretofore somewhat neglected valuable adjunct to other means of information collection. 

FEDER, A. M., 1960a 

Radar Geology 

M.A. Thesis, Department of Geology, University of Buffalo, Buffalo, N.Y., February,
 
xw plus 80 plus Appendix.
 

Author's Summary 

(1) 	 The purpose of this research was to establish that terrain components can generate 
consistent, characteristicelectromagnetic reradiations(Section 1) 

(2) 	 Most of this researchwas to be done by means of a field work phase, the purpose of 
which was to make a controlledstudy of some naturalrock outcrops that are ideally 
situatedfor qualitative terrain return analysis (Section IV A and B) 

(3) 	 In order to have value for application, the reradiationsbad to be proved a function of 
factors such as material chemistry, for example, as well as surface texture (Section 1). 

(4) 	 The applicationof sucl retadiationdata in all of its ramificationsis herein entitled 
RadarGeology. Practicalaspects of a successful radargeologic science are given 
(Section 11 B-D). 
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(5) 	 Radar Geology is not a new concept. It has, in effect, been unknowingly performed 
for many years (Section III A and B) 

(6) 	 Results of the field work, though it was a restricted program (Section IV D) indicate 
that consistent, characteristic returnscan be obtained from a controlled radarsource 
(Section IV C). 

(7) 	 A particularly interesting conclusion is that a rock's chemistry can be of greater 
influence in controlling reradiationamplitudes than the rock's surface texture 
(Section IV, D, 1). 

(8) 	 The findings of other investigatorsindicate that the results of this tbesis' field work 
are not unique (Section V). Forexample, the requirement that in practicalapplica­
tons the reradiationamplitude from a substanceneed remain constant over a wide 
range of aspect angles (Section V, B, 1), is demonstrated as capable of being satisfied 
by the field work (Section IV, A, 4) and findings from at least two other programs 
(Sections V, B. 2 and B, 4). 

(9) 	 Conclusion is made that radargeology is a practicalscience (Section V, C, 5) and that 
the purpose of this program was satisfied (Section IV, D, 3). 

FEDER, A. M., 1960b 

Interpreting Natural Terrain from Radar Displays 

Photogrammetric Engineering, Vol. 26, No. 4, September, pp. 618-630. 

Author's Abstract. Radar is demonstrated to be an effective means for acquiringterrain 
data A significant capability in such applicationstems from radarproviding its own lu­
mination. With contiol of the eneigy piopagationfactor, terraininformation is to some 
effect automaticallyinterpretedby the electronic process leading to display. 

The display content is strongly controlledby radarenergy's ability to penetrate terrainas 
well as to discriminateamong surface conditions The penetrationdata given and the related 
reradiationamplitudes evidence bow subsurface composition and conditions, such as moisture 
and metallic contents and teniperature, can be determined by radar. Re-radiationgraphs are 
also used to demonstrate the derivation of information concerning the veneer on the terrain, 
such as gravel sizes, and the water content of snow. 

Some simple interpretationsof PPI scope graphics are possible AN/APQ-13 displays are 
interpretedgeomorpbologically. An AN/APQ-23 frame is interpretedfor veneer textures and 
a sidelooking radardisplay reveals stratigrapbcdata, land-use detail and offshore information. 

An advantage of the former two radar types is shown in the area coverages possible per 
displayphotograph (e.g, 2700 square miles) while automatically retainingsome element of 
geographic-control The development of bigb-resolution, sidelooking radaris tending toward 
geodetic-control accuracy but sacrifices the extensive area coverage capability. Therefore 
trade-offs such as these, and dependence of display interpretationon datafrom other 
sources indicateradar is a valuable complement to other sensors, not a substitute for them. 
(Copyrighted by the American Society of Photogrammetry- Reprinted by permission ) 

In this early paper, based primarily upon information received from K-band'radars (Ka, Ku), the author 
has identified seven capabilities of radar. These are: 

(1) 	 To read compositions and conditions below the visual rocks and soil surface of the terrain. 

(2) 	 To penetrate vegetation to read subsurface information. 

(3) 	 To determine the textures of terrain surface materials. 
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(4) 	 To determine moisture content of terrain. 

(5) 	 To determine temperature of terrain material, given the moisture content. 

(6) 	 To read the metallic content of terrain surface and near surface materials. 

(7) 	 To read properties of snow cover or the terrain beneath the snow. 

In each of the cases, the author cites some cases where radar, with its capabilities, would have been 
useful. The data were collected primarily from radars of WWII vintage; several PPI type displays and 
one side-looking image are presented. This paper seems a rather optimistic statement about the capa­
bilities of radar and should be taken with 'this in mind. The author is also aware of his overstatements 
when he writes: "It should be remembered that all this is done, however, at the expense of the resolu­
tion provided by most types of aerial photography and with a dependence on data from other sources 
before positive analysis can be made." 

FEDER, A. M., 1962 

Radar Geology Can Aid Regional Oil Exploration 

World Oil, Vol. 155, No. 1, July, pp. 130-138. 

No Author's Abstract. 

"Radar geology will never be a panacea for all geologic reconnaissance, but holds considerable promise 
for complementing other reconnaissance techniques." There is a brief discussion of the nature of rock 
porosity and its effect on radar return (i.e., the dehydrated rock could be expected to attenuate radar 
energy more than would its denser counterpart with the same surface texture, slope, etc). In the 
future, the sensitivity of radar to certain chemical (especially iron compounds) aspects of rocks and 
soils may be very significant, says the author. The need is noted for further research in the absolute 
measurement of radar signal-terrain materiMl interactions. (See also Feder, A. M., 1960b.) 

GELNETT, R. H., 1975 

Airborne Remote Sensors Applied to Engineering Geology and Civil Works Design Investigations 

Technical Report TR-17621, Motorola Aerial Remote Sensing, Inc., Phoenix, Arizona, December, 
iv plus 22 pp. plus figs. 

From Author's Conclusions: The purpose of this study is to assist engineennggeologistsand 
engineers in determining the applichbihty of airborneremote sensingsystems in the detec­
tion and identification ofgeologicalfeatures that may affect the design of the Butler Valley 
Dam and Blue Lake Project. Primary objectives are 

(1) 	 To refine the location of known regionalfaults and possibly detect previously 
unknown faults; 

(2) 	 To determine the presence or absence of a regionalfault andfracture pattern that 
may be related to that found locally in the vicinity of the project; 

(3) 	 To assistin defining landslidesexistingalong the proposed relocated road; and 

(4) 	 To evaluate the applicability of individualsensors for future use by other engineers 
and geologists 
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Airborne remote sensor coverage in this study is unusually complete, they include 
(1) multiple scale metric, multiband and infraredphotography, (2) thermal infraredimagery, 
(3) side-lookingairborne radarimagery, and (4) LandSat-1 imagery, The application,inter­
pretive results, and concluding remarks herein on the utility of the various kinds of imagery 
pertain almost exclusively to the detection ofgeologicstructuresfeatured in a tree-covered 
environment. 

Relative to the stated objectives, Radarrevealed substantially more regional and localgeo­
logic structuraldetail than any of the other systems. Radar's ability to perceive minute 
topographicand geologicfeatures lies primarily in its unique format which tends to 
supress vegetative detail,and its low oblique-illuminationangle which accentuates these 
features Additionally, the small scale synoptic view of Radar imagery allows the investiga­
tor to recognize discontinuous or intermittentfault tracesforwhat they reallyare. On 
large-scaleimagery, these features are often misinterpretedor overlooked entirely. 

Radar-airphoto combination was found to provide the most accurate and complete informa­
tion Although most of the subjectgeologic structural features could not be recognized 
directlyfrom air photos in this study, they were used extensively to field check the axis­
tance and location offeatures identified on Radar. 

The radar imagery was acquired by the 184th Military Intelligence Company (Aerial Surveillance, Ft. Lewis, 
Wash.) using an X-band APS/94D real aperture system mounted in a OV-1D Mohawk aircraft. The work 
was sponsored by NASA and U.S. Army Corps of Engineers (San Francisco District). Some excellent 
imagdry of the northern California study area is presented. 

GELNETT, R. H., L. F. DELLWIG, and J. E. BARt, 1978 

Increased Visibility from the Invisible: A Comparison of Radar and Landsat in Tropical 
Environments 

Proceedings of the 12th International Symposium on Remote Sensing of the Environment, 
Manilla, Philippines. Environmental Research Institute of Michigan, Ann Arbor, Mich., April, 
Vol. III, pp. 2205-2216. 

Authors' Abstract: Thd unique capabilityof side looking airborne radarin recordingterrain 
data essentially regardlessof daylight or weather conditions bas been sufficientjustification 
for its utilization in cloud shrouded areas throughout the world, particularlywhen there is a 
critical time factor or a need for specific seasonal coverage. In geologic exploration, RADAR 
imagery has often been considered for utilization only if LANDSAT imagery or aerial photo­
graphsare not available. However, imagingin a segment of the electromagnetic spectrum 
other than the visible and near infraredportionsshould be expected to provide information 
supplemental to other kinds of imagery: 

A comparison of LANDSAT and RADAR images in several areas substantiatesthis 
expectation Specifically 

1. 	 Because RADAR senses microreliefor surface configurationand dielectnc properties 
of vegetation rather than degree of vigor as in near infrared.'magery, any initial . 
classification is supplemented and a level of discrimination not otherwise obtainable 
is realized. 

2. 	 Linear and curvilineargeologic elements identifiable on both LANDSAT and RADAR 
imagery can be more precisely defined on RADAR imagery. Furthermore,even 
some major linearfeatures may be welltdefined on RADAR imagery although not 
identifiable on LANDSAT imagery. Definition is largely a function of finer tesolution 
and to some lesserdegree shadowing­

3. 	 Drainagenetworks may be more accuratelylocated on RADAR imagery and networks 
may be expanded to include lower orderstreams than those identifiableon the 
LANDSAT image. Sucb-improvement is primarilydue to contrasts in the canopy 
configuration or microreliefof the vegetation. 
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A series of examples,of radar imagery (obtained by the Motorola X-band real aperture system in 1977) 
of Nigeria and Togo are presented together with Landsat imagery of the same localities. Often, 

because of adverse weather, simultaneous, or nearly simultaneous, Landsat data are not available. The 

paper emkhasizes that the Landsat and Radar data are complementary and should be used together for 

optimum results. Examples are primarily from vegetation, drainage patterns, and geologic (relief) 

features.
 

GILLERMAN, E., 1967 

Investigation of Cross-Polarized Radar on Volcanic Rocks 

Technical Report No. 61-25, CRES, Inc , University of Kansas, Lawrence, February, 11 pp. 
(NTIS No. N67-36566). 

Author's Abstract A number of areasof volcanic rocks, mostly in the southwestern 
United States, exhibit differences in radar return on simultaneously produced like-polarized 
and cross-polarized K-band radarimagery. Preliminaryinvestigationshave failed to afford 
conclusive proof that this is due to the glass content of the rock. Roughness, degree and 
type of vegetation cover, and perhapsage of the rocks may be conributingfactors. Addi­
tional investigations, including microscopicstudies, now underway, will be necessary to 
determine more accurately the subtle effects of mineral composition, texture, and glass 
content on radar return. 

For areas of volcanics in Arizona, California, Oregon and Yellowstone National Park, the author notes 
that despite suggestions that the glass content of volcanics is responsible for the low return on cross­

polarized signals, roughness, topography and rock composition (in addition to glass content) are possibly 
equally important. For the numerous sites and images available, look direction and depression angle of 

the radar were often of little or no importance. (See: MacDONALD, et al., 1969, for an alternate view 
concerning other geologic problems). Suggestions are made that extensive radar coverage and ground 
truth are needed for the proper evaluation of these radar return parameters. The entire study is 
qualitative. 

GILLERMAN, E., 1968 

Major Lineament and Possible Calderas Defined by Side-Looking Airborne Radar Imagery, 

St. Francois Mountains, Missouri 

Technical Report 118-12, CRES, Inc., University of Kansas, Lawrence, October, 29 pp. 

(NTIS No. N69-32469). 

Author's Abstract- Side-looking radarimagery in the St FrancoisMountains of southeast 
Missouri has revealed many structural features which are obscure or only poorly depicted 
on aerialphotos. This superiorityof radarimagery over aerialphotographyis discussed. 

Linearstructuralfeatures depicted on the radarimagery representfaults orfractures. Most 
prominent among these is the previously unrecognized Roselle lineament, which is excel­
lently portrayed. When correlated with structural and topografphic features north and south 
of the limits of rada, coverage, the Roselle lineament can be traced for over 135 miles Its 
relationshipsof mineral localization in the Bonne Terre-Fredencktown area may be of 
importance 

Circular patterns were also observed on the radarimagery Their origin is obscure but 
ancient astroblemes or calderas are suggested as working hypotheses. 
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The advantages of radar imagery over aerial photographs for this type of geologic work are stated to be 
the broad coverage, the continuous strip of imagery, and the suppression of minor details by SLAR. 
However, in some areas cultutal changes of the natural terrain obscured part of some traces of lineaments 
and made tracing of these features difficult if not impossible. As in similar studies, the lineaments need 
surface expression in order to be visible in the imagery - either topographic expression, the drainage 
pattern, or possibly vegetation patterns. (See Gillerman, E., 1970.) 

GILLERMAN, E., 1970 

Roselle Lineament of Southeast Missouri 

Bulletin of the Geological Association of America, Vol. 81, No. 3, March, pp. 975-982. 

Author's Abstract- Examination of side-looking radarimagery of the St. FrancoisMountains 
of southeastMissouri has revealed many structuralfeatures which are obscure or only poorly 
depicted on conventional aerialphotographs Most prominent is a distinct linear element 
extending southward across the imagery from east of Flat River to southeast of Ironton, 
Missouri, through the southeastMissouri Lead Belt. Fieldexamination has confirmed a 
fault zone, named the Roselle fault by the author. This structure has not previously been 
recognized, no mention of it was found in literature, nor is it shown on any geologic map of 
the area. The structure traversesPrecambrianand Paleozoic rocks. 

Analysis of geologic and topographic maps north and south of the area covered by radar 
imagery reveals a series of topographicand structuralfeatures remarkablywell aligned with 
the Roselle fault. To the south, these include drainage alignments and a buried Precambrian 
scarp, and to the north, the Plattn anticline and the course of the Mississippi River north of 
Crystal City. These features form an almost continuous alignment extendingfor over 155 
mi from southwest ofPoplarBluff, Missouri, nortb-northeastto the vicinity of the junction 
of the Mississippi and Missouri Rivers This alignment of features'istermed the Roselle 
lineament. I suggest this lineament has been in existence since the Precambrian as a major 
lineament of this portion of the crust and that it may have been important in localization 
of mineral deposition in southeastMissouri. (Copyrighted by GSA.) 

The use of synoptic and broad coveragc of radar is cmphasized as a strong tool for idcntificaton of a 

previously unsuspected (and possibly major) structural feature. 

GOODYEAR AEROSPACE CORPORATION, 1971a 

Simplified Description of the Principles and Applications of Synthetic Aperture Terrain Imaging 
Radar 

Report No. GIB-9202, Arizona Division, Litchfield Park, May 26, viii plus 48 pp. 

Author's Abstract: This document serves as a nonmatbeniatcal, technically complete 
description of synthetic aperture terrain imagingradar. It should be useful'for individuals 
in the general intelligence community - includingphoto-interpreters, pbotogrammetrists, 
and analysts. 

The publication is divided into four major sections: (a) introduction; (b) imaging sensors (wave motion 
and optical sensor characteristics); (c) terrain imaging radar (general, image formation, image geometry 
and resolution) and (d) synthetic aperture radar (general, synthetic aperture formation, synthetic 
aperture geometry and synthetic aperture resolution). 

Nonmathematical in the main, but does require some very basic understanding of optics, especially in the 
discussion of image formation. A very good basic statement. 
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GOODYEAR AEROSPACE CORPORATION, 1971b 

Uses of Terrain Imaging Radar 

Report No. GIB-9210, Code 99696, Arizona Division, Goodyear Aerospace Corp., Litchfield Park, 
2 pp. plus images. 

No Author's Abstract. 

Following several general statements mentioning the possible uses of SLAR, two glossy images 
(produced by the Goodyear Electromagnetic Mapping System) of the Tuscon, Arizona area are 
presented. These images are of high quality and clearly depict drainage and field patterns, 
housing conglomerations and topography, among other features. 

GRANT, T. A., and L. S. CLUFF, 1974 

Radar Imagery in Defining Regional Tectonic Structure 

Annual Review of Earth and Planetary Sciences, Edited by F. A. Donath, Annual Reviews Inc., 
Palo Alto, Calif., Vol. 4, pp. 123-145. 

No Authors' Abstract. 

This paper briefly reviews the two types of imaging radar (real and synthetic aperture), compares the 
imagery produced with photographic systems, and gives some excellent examples of regional tectonic 
interpretations'based on radar imagery. Most of the interpretations are based on previously published 
papers, but several examples of the NW coast of the U.S. have been based on unpublished reports. A 
good review article. 

GUSEV, N. A., 1972 

Use of Information.of Radar Aerial Survey During Study of Geological Structure of Kamchatkin, 
r°.
[Isopol 'zovanie Materialov Radiolokatsionni Aeros 'emki Pri Izuchenil Geologicheskogo Stroenina 

Kaichatki] 

New Methods of Obtaining Information by Various Remote Sensors and its Adaptaiion for 
Solving Geological Problems. [Novye Metody Polucheniia lnformatsi Razlichnymi Distantsionnymi 
Priemnikami i ceObrabotki Dlia Resheniia Geologicheskikh Zadach] VIEMS, Moscow, (Russian). 

Reviewer's Summary: A variety of structural,geomorpbic and volcanic features are exposed 
on the Kamchatka peninsula, in some areas concealed-by a thick blanket of Quaternary 
deposits. In the areas covered by thick alluvialdeposits, the vegetative flora assemblages 
(forest,swamp, etc.) most directly influence return but where the alluvial cover is thin, the 
underlying structure is much more significant in determining radarreturn. 

Partof the area is mountainouswith local relief up to 1,000 m, which results in excessive 
shadowing. In some cases orientation of slopes toward the antenna causes such strong back­
scattering that virtually-no data can be derived. Generally,shadowing enhances detection of 
faults, even in cases where fault systems of two ages are superimposed. 

Radar imagery contributessignificant amounts ofgeologic data not availablefrom aerial 
photographs including data on the regional geologic structure. (From Dellwg, et al, 
1975.) 
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HACKMAN, R. J., 1967 " 

Geologic Evaluation oftRadar Imagery in Southern Utah 

U.S. Geological Survey Research Professional Paper 575, Chap. D., pp. D135-D142.
 
(NTIS No. N70 41147). (Also: U.S.G.S. Technical Letter - NASA-58, 1966.)
 

Author's Abstract: A comparison of radar imagery with conventional aerialphotography 
shows that radarimagery has some distinct advantages It has all-weather,day ornight 
capability of imaging large areas of terrain Side-lookig radarproduces a "shadow" 
enhancement effect that shows greatertopographic derail, important to observation of 
many geologicfeatures. One structuralfault that could be only poorly discerned on con­
ventionalphotographywas clearly visible on-radarimagey. Calcareousand gypsiferhus 
sedimentary rocks were shown as very light tones of gray in contrastto darker sandstones 
and shales. These contrastswere reversed and less conspicuous on the conventional aerial 
photography. However, many of the rock units, readdy distinguishable on the photography, 
could not be positively differentiated on the radarimagery. 

K-band, dual-polarized radar was used. Distinction between unconsolidated sand and sandstone was not 
possible. Some of the darker toned areas may have had greater moistuie content inthe alluvium. 

HARRIS, G., Jr., and L. C. Graham, 1976 

Landsat-Radar Synergism 

Paper presented at the XIII Congress of the International Society for Photogrammetry, Helsinki, 
Commission VII, 26 pp. (Copy obtained from Goodyear Aerospace Corp., Litchfield Park, Ariz.) 

Authors' Abstract: U.S. GeologicalSurvey EROS Data Center and Goodyear Aerospace 

Corporationengineers, working independently atfirst and then in cooperation,have syner­
gistically combined Landsat multispectral scannerdata and airbornesynthetic aperture radar 
imagery. 

This paperpresents the techniques and proceduresused in the experiments. Examples of 
Landsat and radar images of the same terrain, separate and combined, are presented to show 
that providing the two types of data in a single image retains all the informationavailable 
from each sensor system and additionaldetailed data resultingfrom the simultaneous 
mewing of the two in superposition. 

From Authors' Conclusions: Several methods of photographicallycombining Landsatand 
GEMS radardata have been investigated and presented in this paper. It would appearfrom 
the test results tbat tbe method is-repeatableand can be producedat very small cost once 
the radarand Landsat data are available, 

The problems of geometric alignment can be lessened if a radarfligbtpatb is chosen that 
simulates the ground track of the Landsat. 

Of the four methods considered, it would appearthat the results ofMethod 3 (see 
Figure 12) give the best datapresentation It is recognized that some of the Landsat radi­
ance is attenuated,but this is offset by the radar detail. The Landsat detail can be 
recognized through the areas of radarshadowing. 

Although Method 4 was not consideredas a prime candidatefor the photographicexperi­
ments, it will be the subject of continued investigation. The next series of experiments will 
be to digitally merge Landsat and radardata using algdrithrcsto compensate for radiance 

and radarintensity variations. 
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The methods used for combining Landsat and radar were: 

(1) 	 Radar combined with each of the Landsat channels, in the process of forming the Landsat 
composite. 

(2) 	 Standard Landsat composite prepared and radar added as the last step. 

(3) 	 A set of six exposures - the first three using Landsat bands 4, 5, 7 individually, the next 
three using Landsat bands 4, 5, 7 with radar, then all six are combined. 

(4) 	 Substitution of radar for one of the Landsat channels. 

The paper includes examples of each of the methods, together with a brief description of Landsat and 
radar and their geometries. 

HARWOOD, D. S., 1967 

Radar Imagery: Parmachenee Lake Area, West-Central Maine 

U.S. Geological Survey Earth Resources Survey Program Technical Letter NASA-81, Washington, 
D.C., June, 6 pp. plus figs. 

Author's Conclusions: Radar imagery of the ParnacbeneeLake areashows the Influence of 
resistantbedrock units on topographyfar better than the existing aerialphotographs. There 
is no indication in this area, however, that the radarbeam can distinguish rock types in any 
way other than by their topographicexpression. Because the radar enhances topoglapbic 
features that parallel the line of flight, it might be prudent to cover an area of complex 
geology on orthogonalflight lines and thus reduce any possible bias in the interpretation. 

There is little indication that the radarbeam effectively penetrates the dense foliage in the 
area. On the contrary, the radarappears to be very effective in distinguishingevergreen 
from deciduous trees. Radar imagery of this area taken when the leaves are off the trees 
migbt prove more valuable than that taken during the summer. 

Radar imagery is a valuable adjunct to aerialphotographs in this area of Maine Its chief 
advantages are enhanced topographicexpression of resistant bedrock units, continuous strip 
coverage, and its all-weatbe, capabilities. Aerial photographsshow the logging roads, bzcb 

are invaluableto woods navigation,much more clearly than the radar imagery. 

The radar system used was nor identified, although it is assumed to be the Westinghouse Ka-band system. 

HILPERT, L. S., 1966 

Geological Evaluation of Radar Imagery, Southwestern and Central Utah 

U.S. Geological Survey Technical Newsletter - NASA-38, August, 9 pp. (NTIS No. N70 41126) 

Author's Abstract: Radar imagery was obtained with a high frequency side-looking radarin 
southwestern and central Utah along threeflight lines having an aggregate length of about 
650 miles. A selective evaluation indicates the radarimagery might be useful to broadly 
classify some rock units on the basis of their surficiat textures or other characteristics. Tonal 
contrasts, however, in the areasthat have been evaluated,probably represent differences in 
the degree of soil development, moisture content of the soils, and the vegetative cover If 
so, these features may indirectly be useful for classifying the bedrock 
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Geologic structuresare readily vszble in the imagery where they are expressed physio­
graphicallyand show with about the same clarity as in conventional photography Sub­
surface structures without pbysiograpbicexpression wee not observed in the imagery. 

Radar imagery might be useful in terrainand trafficability analyses, especially when used in 
conjunction with other types of imagery, such as ordinaryphotography Railroads clearly 
show in the radarimagery, but only some roads can be seen. Blacktop roadsshow as dark 
lines if they are moe than 30 ft wide Graded and unmproved dirt roadsand blacktop 
roads less than 30 ft wide can also be detected as light lines where they are flanked by 
road cuts or earth fills. Tbe-imagery of concrete surfaced roads could not be evaluated, as 
there are none in the areasflown. 

A K-band radar transmitted H polarization and received H and V. The finished product had an average 
scale of 1:160,000. In one area, a rectangular pattern is thought to be the result of moisture variations 
in tilled fields. Several' radar images are included in this paper. 

HODLER, T. W., 1977 

Remote Sensing Applications in Hydro-Geothermal Exploration of the Northern Basin and Range 
Province 

Ph.D. Thesis, Oregon State University, June, 235 pp. Dissertation Abstracts International, 
B Sciences and Engineering, January 1978, Vol. 38, No. 7, pp. 3104-B (abstract only). 

Author's Abstract: A program of remote sensing overflights with ground truth teams was 
initiated in order to evaluate the effectiveness of temote sensing applications to geothermal 
resource reconnaissancein the northern section of the Bann and Range physiograpbic 
province. This area included parts of south central Oregon and northeastern California. It 
is composed of land both pfivately owned and publically administered by many branches of 
government. The government's involvement in this area, specifically the Fremont National 
Forest,was the impetus for seeking such the evaluation of the existing geothermalpotential 

Such an evaluation was conducted utilizing side-looking-airborne-radar(SLAR) and thermal 
infrared (TIR) detectors in a complementary fashion flown by the Oregon Army National 
Guard. 

The piogram consisted ofpreliminary overflights of SLAR for the detection of fault line­
aments along which surface expressionsof bydro-geotbermalactivity are localized Inter­
pretation of the SLAR imagery was used to generateTIR fligbtlines correspondingto the 
major lineaments. Subsequent flights incotporatedTIR line scanners utilizing the mercury­
cadmium-tellunde (HgCdTe, 8-14 pin), indium antimonide (unSb, 1-6 [m), and indium 
arsenide (InAs, 1-3.4 im) detectors A map was produced depicting the interpreted data. 
The map graphicallyportraysthe structural relationshipbetween the interpreted surface 
hydro-geothermal sites and the fracture traces, at a scale of 1 500,000 

From the SLAR imagery two .classes of lineaments were distinguished, those greaterthan 
500 meters vertical displacement and.tbose smaller scarplets of lesser relief. The two fault 
trends, of NW-SE and NE-SW are easily seen on the map The lineaments of greaterdis­
placement have a tendency to run NE-SW and are relativelyfew in number. The lesser 
displacement lineaments are quite numerous and trend NW-SE. 

Analysis of the TIR imagery located one new potentialbydro-geotbermalsite and determined 
a more accurate designation ofgeographic cooidinatesforfive other sites than were provided 
in previous studies Location was more easily accomplished through the use of a dual cban­
nel system. The HgCdTe detectorprovided detailed terrain imagery and is best suited for 
actualgeographiclocation, while the InAs detector senses only the hotter targets (greater 
than 500 C.). The InSb detector exhibits partialtraits of both the HgCdTe and the InAs 
sensors, resultingfrom their wavelength characteristics. As a result of several technical 
difficulties, this researchwas not conclusive in determining which sensor or sensor combi­
nation was best suitedfor locatingbydro-geotbernalsources 

33 



During overflight the following temperatureswere measured by ground teams: air,soil, 
water, and radiometer. These parameterswere used as site-specificindicators of the 
physical attributesdepicted on the imagery. 

The map product graphicallydepicts the relationshipof the hydro-geothermalsites to the 
geologic structure. The hydro-geothermal sites located were found to exist along the major 
lineaments.- A clustering of hot springs was found to exist at three locations in the study 
area. Lineaments and bydro-geotbermal locations were interpretedfrom the imagery while 
all surface temperatureswere derived by on-ite measurements. 

Utilizing'a temperature decay function (0.270 Clkmn), isothermal rings were established 
utilizing each of the hot spring clusters, plus one singly occurring hot springas the cen­
troids. The areawithin each isotherm can theoretically be supplied with the equivalent 
temperature water from the relative centroid. The majority of the study area can be 
supplied with 700 C temperaturewater or hotter. This researchsuggests the principle 
use of the bydro-geotbermalresource in the study area is for space beating of homes 
and other structures. 

Although the remote sensing survey of surface bydro-geotbermalsites failed to show beat 
potentialfor near surface direct electricalproduction, the tbermo-structuralrelationship 
mapped may serve alongwi.b othergeophysical techniques to direct subsurface exploration 
of the resource. Structurallineaments and hydro-geotbermal source locations can be deter­
mined through the complementary use of SLAR and TIR. Once potentiallocations are 
determined, limited ground trutbing would be required to verify the remotely sensed data. 
Such a reconnaissancetool may be ofgreatest value in a less developed area with similar 
geologic structure and geothermal promise. (OrderNo. 77-29, 413, 235 pages.) 

With respect to radar: The SLAR used was an X-band (9245-MHz) AN/APS-94C unit. Although used 
for the structural analysis of the study site, and it was useful in defining 26 percent more structural 
lineaments than the Landsat analysis and 12 percent more than appeared on existing geologic maps, the 
exact usefulness of SLAR in this type of study is not adequately demonstrated. The analysis was highly 
dependent on ground-truth data; remote sensors, including SLAR, apparently provided little insight into 
the location of potential hydrothermal sites. 

HOLMES, R. F., 1967 

Engineering Materials and Side-Looking Radar 

Photogramrnetric Engineering, Vol. 33, No. 7, July, pp. 767-770 

Author's Abstract: Recent interpretation~studiesof Side-Looking Airborne RadarImagery 
have demonstrated the potential value of SLAR in the classification of surficial materials 
pnor to field tests. Through processes familiarto the interpreterof conventional photo­
graphy, an interpretationof conventional and radarimagery, taken simultaneously, bas 
shown that the recognition of diagnosticpatterns of vegetation, geology, drainage,land use 
and landforms will enable an experienced soil scientist to make a reasonable assessment of 
regionalengineeringsurficialmaterial conditions. Recently developed SLAR imagery 
includes potentialadvantagesand inherent disadvantages (Copyrightedby the American 
Society of Pbotogrammetry.) 

Using K-band AN/APQ-56 'radar, the author has prepared an engineering materials map of an area of 
Colorado and Wyoming. Engineering materials are defined as "unconsolidated residual, alluvial, or 
glacial deposits covering the bedrock of a region." Several suggestions are given for interpretation of 

SLAR imagery, and because of the small scale of the imagery used (1:200,000 to 1:400,000), this type 
of interpretation is best confined to reconnaissance work. 
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IRWIN, W. P., 1966 

Geologic Appraisal of Radar imagery of Southwestern Oregon 

U.S. Geological Survey Technical Letter - NASA-231, June, 5 pp. (NTIS No. 70 38892). 

Abstract: The most obviousgeologicfeatureshown on radarimagesis straigbt-linelineaments 
of the Klamath Mountains and the Coast Range province which parallel major known litbic 
and structural trends. A large graniticpluton nearGrants Passwas outlined chiefly by its 

distinctive topographicpattern of fine dissections. 

JEFFERIS, L. H., 1969a 

Lineaments in the Grand Canyon Area, Northern Arizona - A Radar Analysis 

Report No. 118-9, CRES, Inc., The University of Kansas, Lawrence, February, ii + 16 pp. (NTIS 
No. N69 32799). 

Author's Abstract: A comparisonofstructuraldataobtainedfrom side-lookingradar(SLAR) 
imagery of the Grand Canyon area, northern Arizona, 'with previously published reports 
demonstrates tbe potentialof radarimagery as a tool for geologic reconnaissancestudies. 
The study, designed to determine the geologic causes for apronounced lineamentpattern on 
the radarimage, also provided a measure of reliabilityfor the radarimage interpretation, 
particularlythe size of structure'which may be interpretedwith confidence. 

The radarlineaments of the Grand Canyon area indicate the location of faults in the de­
formed Precambrianand relatively undeforned Paleozoic strata. The strong correspondence 
of radarlineaments with known faults is indisputable and to a lesser but still significant 
degree the jointpattern and the radarlineamentpattern showed a close correlation. A 
number of lineaments on SLAR imagery in areaswhere no faults have been mapped sub­
stantiates the previous suggestion of SLAR as a geologic reconnaissance tool. 

The length of afault is an importantfactor in a radar image identification. In the study 
area, a fault of less than one mile in length is difficult to identify as a geologic structure, 
while the increasinglength of a lineament lends creditability to a structuralinterpretation. 

The paper states­

(1) 	 There is a strong positive correlation between major radar lineament patterns and the major 
normal faults in the study area. 

(2) 	 Look direction is of major importance in determining the quality of the images. 

(3) 	 The longer lineaments can be more easily and accurately interpreted on the SLAR imagery. 

(4) 	 SLAR is a most useful regional geological reconnaissance tool, aiding the field team to identify 
areas of best potential returns for their efforts. 
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JEFFERIS, L. H., 1969b 

An Evaluation of Radar Imagery for Structural Analysis in Gently Deformed Strata: A Study in 

Northeast Kansas 

Technical Report 118-16, CRES, Inc., University of Kansas, Lawrence, July, 31 pp. 

Author's Abstract: A study comparinga structural interpretation of side-looking radar 
(SLAR) imagery with known geologic data from an area in northeast Kansas demonstrates the 
potentialof radarimagery as a geologic reconnaissance tool for areasof gently deformed 
stratawith low topographicrelief. The study provided structuralgeologic datafor compari­
son with initial interpretation of pronounced lineamentpatterns observed on the imagery. 

The initial imagery interpretationyielded evidence suggesting a large plunging antichne, a 
series of normal faults crossing the anticline at nght angles, and other zones of fracturing 
adjacent to the anticline. Fieldexamination of the study areaprovided data confirming 
many of the initialinterpretationsand indicatingwhere modificationswere needed 

Faults of the study area are directly related to radarlinearpatternswhereas joints do not 
correlatewell enough with radarlineaments to suggest a casual relationship. 

The study also indicatedthe type and amount of data obtainedfrom aerialphotos in corn­
panson with radarimageryfrom the area. Whereas radar imagery displayed evidencefor the 
interpretationof large regionalstructureswhich did not appearon aerialphotos, the photos 
show data on linearfeatures too short to be displayed on the radarimage The primary 
reasonsfor the additional lineament data on radarimagery are the low angle of illumination 
of the radarenergy and the synoptic view which allows the visual integration of features 
over a large area. 

The scale of the radar and photographic imagery used in this study was variable: 1:125,000 for radar 
and 1:21,000 for photography. This is stated by the author to be a possible reason for the different 
analyses of the two data source products. 

JOHNSON, R. B., 1966 

Geologic Evaluation of Radar Imagery of the Near Spanish Peaks Region, Colorado 

U.S. Geological Survey Technical Letter - NASA-47, October, 6 pp. (NTIS No. N70 38938). 

Abstract- Conspicuousnorthwest-southwest striking lineaments in tertiary sedimentary rocks 
of continental origin were noted in radarimages of the Spanish Peaks Region, Colorado The 
lineaments are not visible in aerialphotographs of the region and bad not been observed on 
the ground by field mapping. Close inspection in the field failed to find geologicfeatures 
responsiblefor the lineaments on the radarimage. 

Other features such as dikes radiatingfrom the Spanish Peaks and the "stonewall" formed by 
upturned beds of Dakota sandstone were well displayed on the radarimage A major fault 
along the front of the Sangre de Cristo Mountains, mapped on the ground, can be traced on 
the radarimage for several miles (From- Carter,W. D., 1969.) 
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KEDAR, E. Y. and SHIN-YI HSU, 1972 

Side-Looking Radar Imagery Applied in Seismic-Risk Mapping 

Proceedings, Eighth International Symposium on Remote Sensing of Environment, Report 
No. 195600-1-X, Willow Run Laboratories, Institute of Science and Technology, The University 
of Michigan, Ann Arbor, 2-6 October, pp. 1195-1198. 

From Authors' Abstract: Earthquake-riskmapping is a synoptic analysis of the likelihood, 
of the occurrence of earthquakes in different locales It can be achieved by combining 
seismic history regardingearthquake magnitude of intensity,geological data concerning 
structural lineaments, and geophysical datadealing with the strainreleasedand gravity 
anomaly. The role of remote sensing in this topic is to provide additionalgeological 
structural data, from space photos and imagery of other sensors, that conventional geo­
logicalfield-work is either not feasible orfailing to provide. The purpose of this paper 
is to demonstrate that side-looking radarimagery, like space phdtos, is applicable to infer 
structurallineament informationfor earthquake-riskmapping. The test area is the greater 
San FranciscoBay Aiea. 

Seismologists, to date, are not able to predict earthquakes - their location and magnitude. 
Because earthquakesare the tesult of earth's crustal movements and adjustments,geo­
logical and geophysical evidences on land surface should indicate their relative likelihood 
of seismic activities. It has also been recognized thatair and space photos are superiorto 
field work in detecting large (regional)structuralunits for seismic-potentialinvestigations. 
Furthermore,side-looking radar imagery can be better than regularair photos because of 
its all-weather capability. 

The seismic-risk maps were based on the following data (for 3 x 3 mi areas): 

(1) Relative density of structural lines on imagery. 

(2) Relative density of faults on geological maps. 

(3) Cumulative seismic scenes, from earthquake records. 

(4) Cumulative scores obtained from geophysical data. 

The resulting maps, which the authors state should be studied in a manner similar to synoptic weather 
maps, show that in the study area, the western portion has a higher earthquake risk than the eastern 
portion. It is suggested that by combining ERTS. and SLAR imagery (the latter for cloudy areas) a 
world-wide seismic map could be prepared. Its accuracy, however, may be questionable because the 
method requires some historical records (No. 3 above) which may be lacking in many areas. 

KEEFER, W. R., 1968 

Evaluation of Radar and Infrared Imagery of Sedimentary Rock Terrane, South-Central 

Yellowstone National Park, Wyoming 

U.S. Geological Survey Open File Report, NASA Interagency Report - NASA-106, March, 12 pp. 
(NTIS No. N68 23210). 

Author's Abstract: Side-looking radarimagery (K-banod) and night-time infrared imagery 
(3-5g) were compared over the same sedimentary terrane of south-centralYellowstone 
National Park to determine if either type of imagery could be used in (1) differentiating 
rock types and (2) delineatingstructuralfeatures. 
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Although sedimentary rocks ofgreatly contrastingcomposition occur in the area, none bad 
detectable tonalcharacteristicson either type of imagery. This is believed to be due, in 
part, to masking by vegetation Flat lying volcanic rocks having smooth topographicprofile 
were readily detectable on both radarand IR imagery. Quaternarysurficialdeposits were 
easily detected in IR imagery. 

Numerous faults of large displacement were not detected by either form of imagery except 
where the faults were expressed by topography. 

The original paper has three very good images (one radar, two IR) which are annotated for geology and 
topographic features. Hot springs, shallow and deeper lakes, wet meadows are all apparent in the IR 
imagery. Glacial features and topography are clearly visible, especially on the radar imagery. Many 

faults, shown on geologic annotations, are not visible on either type of imagery. The entire analysis is 
visual. 

KEPPIE, J. D., 1976 

Interpretation of P.P.I. Radar Imagery of Nova Scotia 

Paper 76-3, Department of Mines, Halifax, Nova Scotia, ii, 31 pp. + figs., maps. 

Author's Abstract: Sector scan and centralposition Plan Position Indicator (PP.I ) radar 
scope photographstaken between 1961 and 1965 were used. Advantages of radarphoto­
graphs over regularairphotographs include the large area visible on one image and the 
prominence ofgross features unclutteredby smallerfeatures. Three factors, elevation angle, 
topographicrelief,and the relative orientationsof linear top ograpibc features and the sweep 
direction, impose limitations which collectively mean that each image provides only partial 
information on the area covered. The use of different images of one area overcomes such 
limitations Geometricalerrors in the images arisefrom variationsin the slant range, the 
forward motion of the aircraft,and some technicalcharacteristicsof radar. The small scale 
of the photographs reduces these errors to a minimum. 

The accompanyingmap (Figure1) representsa compilation of the lineaments observed on 
the radarphotographs. The amount of information reflects the number of images available 
for any area. Interpretationof the major lineaments suggests that most representfaults and 
some coincide with litbologicalboundaries Cape Breton Island is dominated by a group of 
north-easterly trendinglineaments which control the main topographicfeatures of the Island. 

The Aspy and Coolavee Faultsform part of this group. Transverse lineaments, often with 
irregular traces are also present. The Margaree-St.Ann and Ingonisb-CbeticampRiver 
Lineament Systems are examples of these latterlineaments and are interpretedas faults. 
MainlandNova Scotia is dominated by the E-W Cobequid-ChedabuctoFaultsystem. A 
secondary north-easterlytrendingfault system is exemplified by the Hollow and Valley Faults 
NW-SE faults areprominent in the Meguma Group Lineaments with other trends are also 
present. 

Following a short description of the radar and its operation and the interpretation of the P.P.I. imagery 
(actually 35-mm photography of the P.P.I. scope), the author presents imagery and descriptions of 
62 different lineaments identified on the imagery. Many of the lineaments correlate with known geo­
logical features, some extend further than the mapped features, and some of the lineaments identified 
are entirely new features, not previously mapped (see also: Cameron, H.L., 1965a, b). 

38 



KIRK, J. N. and R. L. WALTERS, 1966 

Radar Imagery, a New Tool for the Geologist 

The Compass of Sigma Gamma Epsilon, Vol. 43, No. 2, January, pp. 85-93. 

Authors' Abstract: Studies sponsored by the National Aeronautics and Space Administration 
(NASA) at the University of Kansas with several other universities and government research 
organizationsare exploring the applicability of remote sensing through radarimagery in many 
fields of the earth sciences. Studies to date indicate that radarimagery may become an 
excellent tool in regionalgeologic and lineament studies. 

In this qualitative analysis of X-band radar imagery of an area near Little Rock, Arkansas, the terrain is 
easily divided into three structural (geological) provinces composed of 15 rock units. This differentiation 
was based primarily upon the topographic expression and relative positions in the sequence of these rock 
units. Because the area under investigation has a heavy vegetation cover, the importance of lithologies as 
a determining factor of magnitude of radar return is diminished. Two images, three-maps and five 
references are included. 

KIRK, J. N., 1969 

A Regional Study of Radar Lineament Patterns in the Ouachita Mountains, McAlester Basin -
Arkansas Valley, and Ozark Regions of Oklahoma and Arkansas 

M.S. Thesis, Department of Geology, University of Kansas, Lawrence, 1969 (?), vi + 44 pp. + app. 

Author's Abstract. Imagery produced by airborne,side-looking radarsystems was used to 
examine radarlineaments and their patterns in a structurally diverse region exhibitinga range 
of deformationalintensity. 

Riada, lineaments appear on the image as linear boundariesbetween adjacent areas of differing 
power return and represent narrow, continuous or discontinuousfeatures of a terrain. In the 
area of this study, radar lineaments almost exclusively represent surface drainage channels 
that exhibit patterns characteristicof fracture system control. 

Propertiesof radarsystems and terrainfeatures that affect the recordingof radar lineaments 
include surface roughness, incidence angle, radarshadowing,foreshortening, slant-range 

distortions,and look-direction. 

In examining the relationship between radar lineament trends and fracture patterns, a com­
parison of rosette diagramsrepresentingthe patternsof joint and lineament trends indicates 
that, in genetal, radar lineament patterns exhibit directionaltrends similarto joint patterns 
andfault trends. 

A comparison of the variationsof lineament trends with variationsof fold trends suggests 
that the fracturepatterns representedby the radarlineaments in the OuachitaMountains and 
Arkansas Valley Provinces are products of the same stresses thatproduced the folded 
structures, and that in the Boston Mountains area, the fracture system was producedby 
stresses whose orientationswere not everywhere the same as those responsiblefor the 
development of the folds. 

Chapter 2 (properties of Radar Systems and of Terrain that Influence Radar Lineament Defintion) 
presents a brief review of the interaction of radar energy and terrain. Several good diagrams, generally 
from other sources reviewed in this bibliography, are given to illustrate radar range, backscatter and 
shadowing. However, no examples of these concepts are explicitly shown on the images of the study 
area used in this thesis. 
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KNEPPER, D. H. and R. W. MARRS, 1972 

Remote Sensing Aids Geologic Mapping 

Proceedings, Eighth International Symposium on Remote Sensing of Environment, Report No. 
No. 196500-1-X, Willow Run Laboratories, Institute of Science and Technology, The University 
of Michigan, Ann Arbor, 2-6 October, pp. 1127-1136. 

Authors' Abstract: Remote sensing techniques have been applied to generalgeologic mapping 
along the Rio Grande rift zone in centralColorado. A geologic map of about 1,100 square 
miles was preparedutilizing (1) priorpublished and unpublished maps, (2) detailed and re­
connaissancefield maps made for this study, and (3) remote sensordata interpretations The 
map is to be used for interpretationof the complex Cenozoic tectonic and geomorpbic his­
tories of the area. 

Regional and localgeologic mapping can be aided by the properapplication of remote sensing 
techniques. Conventional color infraredphotos contain a large amount of easily-extractable 
general geologic informationand are easily used by geologistsuntrained in the field of remote 
sensing. Otherkinds of sensor data used in this study, with the exception of SLAR imagery, 
were generallyfound to be impracticalor unappropriatefo broad-scalegeneral geologic 
mapping; these data can, however, be effectively applied to specific problems in relatively 
small areas, but some knowledge of the pinaples of remote sensing is necessary for the 
acquisition of the properdata andfor subsequent interpretation. 

The study, conducted in an environment much more complex than the normal experimental "test site," 
utilized several remote sensors and machine analysis and enhancement techniques. Both brute-force and 

synthetic aperture radars were used. Polarizations employed are not specified. The authors state: 

SLAR imagery has thus far been sparingly used. The imagery is generallypoor quality (low 
resolution,flat contrast, frequent image disruption) and does not justly represent the potential 
of SLAR imagery for regionalstructural analysis. Analysis of a few fair-quality images 
suggests thatgood quality, high-resolutionSLAR imagey of the entire areawould have aided 
in delineatingand mapping major topograpbically-expressed structuralfeatures at an early 
stage of the study. This would, of course, have allowed areasfor detailed field and photo 
study to have been more judiciously chosen. 

The authors rate sensors as to their relative usefulness for geological mapping in the following order: 

(1) Low-altitude color photos 
(2) Low-altitude color IR photos 
(3) High-altitude color IR photos 
(4) High-altitude color photos 
(5) Low sun-angle photos 
(6) SLAR 
(7) Multiband photos 
(8) Thermal IR imagery 

However, as emphasized in the abstract, this listing is subject to change depending on the problem to be 
solved. Radar, for example, showshigh utility "for broad-scale geologic mapping programs, particularly 
in the early stages." 
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KOMAROV, V. B. and B. P. NIAVRO, 1972 

Methodology of Radar Aerial Survey With the Side Scanner TOROS in Geological Research. 
[Metodika Radiolokatsionnoi Aeros'emki Sistemoi Bokovogo Obzora TOROS Dlia Geologicheskikh 
Issledovanii] 

New Methods of Obtaining Information by Various Remote Sensors and its Adaptation for Solving 
Geological Problems [Novye Metody Poluchenjia Informatsii Razlichnymi Distantsionnymi 
Priemnikami i ec Obrabotki Dlia Reshenna Geologicheskikh Zadach], VIEMS, Moscow, (Russian). 

Reviewer's Summary- The Toros side scanning radarsystem was developedfor use in evaluation 
of ice conditions. Since that time geologicalapplicationshave also been defned. 

A parabolicantennagenerates a signal of constant intensity in a centimeterwavelength 
range. The reflected signal is returnedfrom the terrain to-the antenna,processed through a 
cathode ray tube and recorded on moving photographicfilm which is synchronized with the 
aircraftspeed. Return signals from directly below the aircraftare eliminatedbecause of the 
poor quality of the image Usually-antennae are mounted on both sides of the aircraftso 
that two swaths of terrain can be imaged on each pass. 

Flight lines are planned to include 50% overlap to facilitate the construction of a mosaic. 
Flat-lying terrain is generally imaged from 3-4 kilometers, while mountainous terram is 
imagedfroth 6 or more kilometers elevation. (From Dellwig, et al, 1975.) 

KOMAROV, V. B., V. A. STAROSTIN and B. P. NIAVRO (date Unknown) 

Radar Aerial Survey and Its Significance in the Complement of Aerial and Space Geological 
Research Techniques 

IKI Institute of the U.S.S.R., Academy of Sciences, Moscow, 23 pp. 

Authors' Abstract' This paper contains a discussion of the possibilities of using the aerial 
radartechnique for geologicalresearch. The radaraerial survey data make it possible to 
obtain valuable informnation about the structural-tectoniccomposition, the material compo­
sition of rocks, and the nature of the relief Radaraerialpbotographsare of greatinterest 
when studying enclosed terrtories. In solving geologicalproblems, the joint application of 
data from high altitude and space radarsurveys is most effective. (From Dellwig, et al., 
1975.) 

"Toros" radar imagery has been used successfully to identify a variety of volcanic, geomorphic, and 
structural features in relatively unknown regions of the U.S.S.R. 

KOOPMANS, B. N., 1973 

Drainage Analysis on Radar Imagery 

ITC Journal, pp. 464-479. 

Author's Abstract: A comparison is made between the value of monoscopic side-looking 
radarimages, stereoscopicside-looking radarimages, and aerialphotographsfor drainage 
analysis in an areanear Bauds, Dept of Cboco, Colombia. Restriction of material limited 
the conclusions to one specific area of low relief Ka band images of the Westinghouse 
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ANIAPQ 96 system were used. As a basisforcomparison,the existing topographicmaps, scale 
1:25,000 were used. Drainage interpretationon stereo radarwas roughly identicalto the 
drainagenetwork on the topographicmaps, with the exception of theflat valley areaswhere 
the dense vegetation entirely covered the drainage channels. The largerscale of the aerialphoto­
graphsand the better resolutiongave more detail in these areas. Drainagedensity in the area 
witb reliefowas the same as orhigher on the stereo radarinterpretationthan on the topographic 
map. Forthe monoscopic radar interpretation,drainagedensity was on average 24%lonerthan 
for the map. Moreover, the drainagenetwork and outline of the riverbasinsdiffered greatly 
from the map andfrom other interpretations Forthe average river segment length a shift of 
aboutone orderoccurredfrom the m6noscopicradar interpretation towards the stereoscopic 
radarinterpretation. It can be concluded thatfor base map construction of the test area,stereo 
radarimagescan be used to obtain a reliable drainage network. Tbis is not truefor monoscopic 
radarinterpretation.Deformationerrbrswithin the imageshave not been taken into accountin 
this study. 

This study considered one large drainage basin (45.7 km 2 ) which was divided into five subbasins of area 
0.6 km2 to 3.7 km 2 . The schemes of drainage basin geometry and stream ordering of Strahler and Horton 
were used for calculations. It-is concluded that the stereo radar is the better of the several methods for 
determining the drainage density and drainage net, giving a density approximately 1.5 times larger than 
that derived from monoscopic radars. In turn monoscopic radar was considered to be poorer than aerial 
photography for drainage density. Several problems with this particular study are, however, emphasized 
(e.g., poor aerial photographs, and variations in radar look directions). 

Studies such as this one and those by McCoy should be continued to allow definitive statements to be 
made concerning radar measurement of drainage densities. To date, such studies have been in diverse 
environments and the results are often not applicable to new sites and situations - as pointed out by 
Koopmans in his paper. 

KOOPMANS, B. N., 1979 

Should Stereo SLAR Imagery be Preferred to Single Strip Imagery for Thematic Mapping? 

Proceedings, Symposium on Remote Sehsing and Photo Interpretation. International Society for 
Photogrammetry. Commission VII, 07-1IOCT7, Banff, Alberta, Canada, pp. 841-86 1. 

Available from the Canadian Institute of Surveying. 

Author's Abstract: To date, imagesof.the "side-lookingradar"have been interpretedmainly in 
a monoscopuc way. The radarshadows on the imagery give the interpretera reliefimpression, 
which makes recognitionof surface cbracteristicspossible. With thepresentgeometricfidelity 
ofconsecutive radar-stripsand constant scan-direction,stereo mewing is possible to obtain a 
three-dimensionalpicture. The principlesof height and slope measurementsare treatedfor 
single strip imagery and stereo images. 

Drainageinterpretationofstereo radarimagery and single strip imagery are comparedfor 
different terraintypes Stereo viewing of overlappingradarstrips offer cons,derablead­
vantagesover monoscopicviewing for interpretationpurposes. Details,from far rangeand 
nearrange, are observed simnltaneousli. Moreover, the three dimensionalpicture allows 
relative altitudecorrelations(often not'possible in single strip imagery) and increases the 
interpretabilityof the radarstrips. 

This paper consists of two major parts: 1) A discussion of the measurements from single strip and stereo 
SLAR imagery, together with the techniques and formulae used in such studies and 2) examples of 
drainage analysis using both single and stereo SLAR. For areas of high relief, only single strip data were 
available and it was determined that the relationship to the topographic maps was very poor. This study 
area was in Columbia. Moderate relief areas (using data from Arizona) indicated that drainage 
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interpretation using both radar configurations was about te same. For the low relief areas (tropical wet 

and tropical semi-dry areas of Columbia) the stereo was, in general, far superior to the monoscopic 
imagery. For flat areas, stereo was essentially of no use. The author concludes that stereo radar, by adding 
the third dimension, increases the confidence m the interpretation obtained from the data. In low relief 
areas, the depression angle may be such as to generate few shadows (in the near range) and for high relief 
areas, in the far range, shadows may dominate the image. 

KOVER, A. N., 1967 

Radar Imagery as an Aid in Geologic Mapping 

Presented at the 33rd Annual Meeting, American Society of Photograminmetry, Washington, 
5-10 March. 

Photogrammetric Engineering, Vol. 33, No. 6, June, p. 6 79 (abstract only). 

Author's Abstract: The United States GeologicalSurvey, in cooperationwith the NASA 
Earth Resources Survey Program, is evaluating sidelooking radarimagery in many areasof 
varying terrain, surface conditions,and rock types to determine.itsutility as an aid in 
geologicalmapping. Initially, the radarimagery is being used by geologists ofconsiderable 
experience in the study areasmuch as they would use conventionalaerialpbotograpby. 
Preliminaryresults are summarized'andthe radarimagery presentedfor 17 test areas. 
(Copyrighted by the American Society ofPbotogrammetry.) 

LaPRADE, G. L. and E. S. LEONARDO, 1969 

Elevations from Radar Imagery 

PhotogrammetriefEngineering, Vol. 35, No. 4, Aprilpp. 366-371. 

Authors' Abstract: Radaris a ranging device while the camerais an angle-measuringdevice. 
This.difference means that entirely different relation bips are usedfor elevation measurements 
As radarpromdes its own source of illumination, it also bas capabilitiesnot availablewith 
conventional cameras Forexample, under certain circumstances, the height of vertical 
features can be determinedsolely from the image itselfwith no knowledge of the radar 
system or aircraftposition. Radarcan additionallybave eitherslant orground rangeimages. 
Each type of image requiresthe use ofdifferentgeometrical relationships. Tbis paper 
develops the mathematicalexpressionsfor measuringthe heights of verticaland non­
verticalfeatureswith both slant-andground-range images. Significantapplications are 
discussed and the experimentalaccuraciesobtainedin actualpracticeare given. (Copyrighted 
by the American Society ofPbotogrammety.) 

This short tutorial paper presents the basic mathematical arguments for determining height from both 
slant and ground range radar imagery for both vertical and non-vertical objects. This ckarly written 
paper is highly recommended. 
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LATTMAN, L. H., 1973 

Evaluation of Remote Sensors for Exploration Geomorphology 

Presented-at the 54th AAPG - 47th SEPM National Meetings, Anaheim, California, 14-16 May. 

American Association of Petroleum Geologists Bulletin, Vol. 57, No. 4, April, pp. 790 (abstract 
only). 

Author's Abstract: Remote-sensorimagery embraces black and white aerialphotography 
(includingblack and white infraredphotographyandvarious film-filter combinations),color 
aerialphotography, colorinfraredaerialphotography,thermal Infrared, and radar. For the 
threegeneral types ofgeomorpbic explorationtechniques -drainage analysis,tonalanalysis, 
andfractureanalysis - no single remote sensor is best. Terrain,vegetative cover, and extent 
ofhuman activity influence the selection of imagery for analysis. 

Black and white and colorphotographyseem bestfor routinesurface-drainageanalysis, 
especiallyof low-orderstreams. Thermal infrared and color infraredgive considerable 
informationon groundwater-discbargelocationsand soil-drainagecharacteristics Radar 
imageryallowsexcellent mapping ofhigher-orderdrainagepatterns of large areas,and 
is least affected by vegetative cover. 

Tonal anomaliesarebest seen on black and white infrared and black and white panchromatic 
photography. Colorphotographyis less usefulfor this technique,and color infrared is poor 
to unusable, especially in grass-coveredregions Thermalinfraredis very poor,and radar 
cannot be usedfor tonal studies in explorationgeomorpbology. 

Fracture-traceanalysisis done best on stereo-aenalphotographyof all types, andleast 
well on tbermal-infraredand radarimagery. Lineamentanalysisis done best on aerial 
photographicmosaics, and particularlywell on radar. 

Radar and aerial photographicmosaics are well-suitedfor regionalstudies, as ale images 
from satellites;aerialphotographsand thermalinfraredimagery are best for local, 
detailedstudies. (Abstractcopyrightedby AAPG.) 

LEIGHTY, R. D., 1966 

Terrain-Information from High Altitude Side-Looking Radar Imagery of an Arctic Area 

Proceedings, Fourth Symposium on Remote Sensing of the Environment, Report No. 4864-11-X, 
Willow Run Laboratories of the Institute of Science and Technology, The University of Michigan, 
Ann Arbor, April, pp. 575-597 (NTIS No AD 638 919). 

Author's Abstract: Radarimagery was obtainedat altitudes of30,000 to 60,000feet 
overarctic terrainwith the AN/APQ56 (XAA) side-looking radar(high altitude) set during 
two flight programs (November-December1960 andMarcb 1962) Generalitiesof terrain 
infornationretrievalfromradarimagery are presentedwith background informationon the 
regionalterrain characteristics in northwest Greenland and discussion ofrepresentative 
project imagery 

This paper accompanied by 12 radar and aerial photo illustrations, presents a series of interpretations and 
explanations of the radar images. An excellent paper for such illustrations. In the final section, the 
author reached these general conclusions. 

(1) SLAR equipment can provide imagery from which terrain information can be obtained. 

(2) Information obtained is mainly dependent on the experience of the interpreter. 

(3) Organization of image tones is more difficult with SLAR than with aerial photos. 
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(4) 	 Less terrain detail is available from SLAR than aerial photos because.of low SLAR resolution. 

(5) 	 Some versatility in selecting the radar mode is useful for changing from reconnaissance to 
specific imagery. 

(6) 	 The relative return from terrain materials, in decreasing order is: snow, glacial ice, soils and 

rocks, lake ice, sea ice and open water. (Note: This is the general progression; there are 
variations within it.) 

LEIGHTY, R. D., 1968 

Remote Sensing for Engineering Investigation of Terrain - Radar Systems 

Proceedings, Fifth Symposium on Remote Sensing of Environment, Report No. 4864-18-X, 

Willow Run Laboratories of the Institute of Science and Technology, The University of Michigan, 
Ann Arbor, 16-18 April, pp. 669-685 (NTIS No. AD 676 327). 

Author's Abstract; This paperdiscusses thepresentandfuture potential of radarfor engineering 
investigation of terraim. The purpose is to acquaintthe engineerwitb the applicable ,adar 
literaturepertainingto radaruses, radarsystems, radartheory and empiricalmeasurements, 
qualitativeanalysisof radarimagery, and miscellaneous radartechniques. 

Extensive quoted material essentially describes the present state-of-the-art of radar remote sensing for 

engineering applications. Three illustrations and 28 references are included (all unclassified, but not 
readily available). The final paragraph of one section emphasizes that before the engineers can utilize 

such remote sensing instruments, it must be demonstrated that valid measurements can be made for a 

wide variety of terrain types and situations beyond the unique and often highly controlled laboratory 
situations from which much data originates. 

LEWIS, A. J., 1971 

Geomorphic Evaluation of Radar Imagery of Southeastern Panama and Northwestern Colombia 

Ph. D. Dissertation, Department of Geography, University of Kansas, Lawrence, 178 pp (NTIS 
No. 724 118). 

CRES Technical Report 133-18, and U.S. Army Topographic Command, Engineering Topographic 
Laboratories, Report No. ETL-CR-71-2. 

Author's Abstract. Airborneimaging radarsystems bave not received the attention they warrant 
from geomorpbologistslargely due to the lower resolutioncapabilitiesof radarimagery compared 
to aerialpbotography However, the nearall-weatber, 24-bour, imagingability of radarcan act as 
a trade-offforresolutionwhen lighting conditions or cloud cover probibir.tbecollection of aerial 

photography. Imaging radarsystems also bave the advantageof large scale coverage presentedon 
a continuousstrip of film closely resemblinga shaded reliefmap. 

Altbough the general applicationsofradarimagery to geoscence are dealtwith by several 
authors,most studies bave not progressed beyond the stage of speculation or theoreticalcon­
sideration The acquisitionof radarimagery covering over 17,000 square kilometers in south­
easternPanamaand nortbwestern Colombia afforded the opportunityto test the operational 

practicality,reliability, and consistency of techmiquesforderving morpbometricdatafrom 
radarimagery, as well as the identificationof individual geomorpbtc features and the delineation 

ofgeomorpbc regions Included in the imaged areawas Route 17, aproposed sea-level canal 

route for wbich topographicand regionalgeomorphicdata were available 
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Route 17 provided the data base against which were tested (1) the qualitative delineation of 
landform regions on radarimagery and (2) the quantitative determination of relative relief 
from radarshadows and terrainslope from radarforeshortening. Cumulative frequency curves 
of terrainslope derived from radarshadowfrequency across the range of the imagery were 
compared to similarmap-extractedcurves of slope distributionfor six areas throughoutthe 
United States. 

The comparison of map- and radar-derivedgeomorphsc regions of Route 17 was favorable. 
The method was then extended into the DarienProvince where topographicmaps are essentially 
non-existent. The final product is a map (PlateD of the regionalgeomorpbology of the study 
area at a scale of 1.250,000. Fourgeomorphic regions were delineated: plains, low hills, high 
hills, and mountains. 

The radarshadow frequency method also proved successful and was extended into the Darien 
Province where cumulative frequency curves of slope were derivedfrom two strips of radar 
imagery across the DarienProvince. This provided a quantitative statement of slope values 
for qualitatively described landform regions The results appear in Plates 11 and Il Distinct 
cumulative frequency slope curves, one for each general landforz region previously discrimi­
nated qualitatively, resulted from the use of this method. 

Statisticalanalyses of terrainslope and relative relief measurements from radarforeshortening 
indicate that the method as tested is not operationalfor determining individual slope or 
relative relief values, however, the accurate calculation of the mean regionalslope and 
relative relief and the range of slope and relative relief values is feasible using radarfore­
shortening. 

.. 	 The correlation between radarpower return and terrain slope was lower than anticipated, 
however, the relationship needsfurther testing The correlationbetween map-derived and 
radarsbadow-derivedrelative relief data indicated that relative relief can be determined 
accuratelyand reliably from radarshadows 

Some of the individual geomorphic features identifiable on radar imagery are tidalflats. 
mangrove, beach ridges, wave refraction and surf, barrierreefs, shell reefs, estuarine 
meanders, shoreline configuration, deltas azd associatedfeatures, and drainagepatterns 
Although the detection and mapping ofgeomorpbc features in unknown areasis important, 
the real importance is the use of geomorphic features as surrogatesfor obtaininggenetic 
and environmental information. 

Radargeometry as it relates to the collection of morpbometric data is also tborougbly 
discussed. (Abstractfrom. Dissertation Abstracts, Sec. B., Sciences and Engineering, 
Vol. 32, No. 4, October 1971, pp. 2224-2225B.) 

LEWIS, A. J. and H. C. MacDONALD, 1971 

Radar Geomorphology of Garachine Bay, Panama, and the Attrato Delta, Colombia 

Presented at the Annual Meeting, Association of American Geographers, Kansas City, March. 

Authors' Abstract: The recent acquisitionof radarimagery of EasternPanamaand 
Northwestern Colombia has provided the geomorpbologist with a new source of geomorpbic 
data that is presented at a regionalscale but with a spatial resolutionenabling the identifi­
cation of individual landform features. 

Two geographic regions, GaracbneBay, Panama,and the Attrato Delta, Colombia, were 
selected to demonstrate some of the geomorpbic information interpretable from radar 
imagery. Because of the high contrast ratio in radarreturnbetween land and water, a 
large proportion of the features identifiedand illustratedare coastal or alluvial, such as 

shell bars, estuarine meanders, tidalflats, surf zone, wave refraction, off-shore river mouth 
bars, cut-off meanders, scrolls, levees, crevasses, and others. In both regions the identifi­
cations of individualgeomorphic features were used as surrogatesfor inferringgeomorphic 
process and development: 
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LEWIS, A. J. and W. P. WAITE, 1971a 

Cumulative Frequency Curves of Terrain Slopes from Radar Shadow Frequency 

37th Annual Meeting, American Society of Photogrammetry, 7-12 March, pp. 228-244. 

Photogrammetric Engineering, Vol. 37, No. 5, May, p. 488 (abstract only). 

Authors' Abstract: To date, the geoscientisthas made only limited use of radarshadows 
for collecting quantitativegeomorphic data. Although Levine (1960) and McAberney (1966) 
described methodsfor calculatingrelative relieffrom the length-of a 'radarshadow, the 
relationship between the occurrence of radarshadows and terrainslope angle has not been 
previously utilized. Because a terrainfeature will shadow only where the back slope of the 
feature is greaterthan the depression angle at which it is imaged, slope information is avail­
ablefrom the frequency of radarshadoaing. By samplingacross the range of the radar 
image, a cumulative frequency curve of slope distribution can be constructed. 

The radarshadow frequency method for determiningtmrrain slope information was tested 
in six regions in the United States where both radarimagery and topographic maps were 
available. Results indicate that the radar-derivedslope curves are comparable to'topographic­
map-derived slope distributioncurves, and seem to be more realisticin mountainousregions. 

This paperdescribes the radarshadow-frequency method for determining the distribution of 
terrainslopes and the basis for its use, presents and evaluates the results of the comparison 
of map-derived and radar-derivedslope; and discusses the advantagesand disadvantagesof such 
a method as a primary data source for the geomorpbologist. (Copyrighted by the American 
Soclity of Pbotogrammetry.) 

Both local and regional slopes are determinable, with results for the former being more accurate. In 
regional slope work, both near- and far-range areas must be homogeneous. If only one look-direction 
is used and it is near the grazing angle, a saw-tooth model for the topography is assumed in the 
determination of regional slope. It is also assumed that the slope angles are randomly distributed. 
Although the method has, some severe limitations (e.g., dependence upon look angle), it readily lends 
itself to automatic pattern recognition methods. The results show a high correlation with map data. 
All work was done in areas of high slopes and may have limited usefulness in more level terrains. 
The method is considered rapid and accurate for high mountain areas; its limitations are (1) some of 
the basic assumptions, and (2) the need for multiple-look directions. The lower boundary of detectable 
slopes was 15 degrees (see also: Lewis and Waite, 1972). 

LEWIS, A. J. and W. P. WAITE, 1971b 

Cumulative Frequency Curves of the Darien Province, Panama 

Propagation Limitations in Remote Sensing, Edited by J. B. Lomax
 
Proceedings, 17th Symposium of the Electromagnetic Wave Propagation Panel of AGARD,
 
21-25 June, No. 90. Colorado Springs, CO., pp. 10-1 to 10-10 (NTIS No. AD 736 309).
 

Authors' Summary. Histogramsand cumulative frequency curves of terrain slope are 
important in the quantitative descriptionof geomorpbicregions and aid in the study of 
land utilization and terrain mobility- Recently a method for obtainingsuch terrain slope 
information from radar imagery was developed utilizing (1) the neceisary relationshipbetween 
terrainslope, a , and the depression angle, P , for the occurrence of radarshadows i.e., a> 3 ; 
and (2) the variationin depression angle from near to far range across the radarimage. 

Six different geographicregions were selected in the United States, where both topographic 
coverage and radarimagerywere availablefor testing the method. The results were very 
encouraging especially in ruggedmountainous terrain where topographiccoverage is gen­
erally the least accurate. Subsequently, the method was applied to two strips of radar 
imagery of the Darien Province, Panama. Each strip of imagery was approximately 
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1,000 square miles in areaand oriented transverse to the structural grain of the landform 
regions. A cumulativefrequency slope curve was determinedfor each geomorpbic region 
qualitatively delineated on the radarimagery of the Darien Province. 

The characteristicshape of the cumulative frequency curves for each of the four general 
geomorpbic regions - plains, low bills, high bills, and mountains - proved diagnostic. 
This helps 'to substantiate both the qualitativegeomorpibc boundariesand the quantitative 
slope data determined from radarimagery. The curves also represent the only quantitative 
regionalslope informationavailablefor the poorly mapped Darienarea. 

This is essentially the same paper presented by these authors in two other publications. (See comments 
for LEWIS and WAITE, 1971a and 1972.) 

LEWIS, A. J. and W. P. WAITE, 1972 

Relative Relief Measurements from Radar Shadows: Methods and Evaluation 

Proceedings, 68th Annual Meeting of Association of American Geographers, Kansas City, MO., 
23-26 April, V. 4, pp. 65-70. 

Authors' Abstract: Twoo of the principal criteriaused in describing and delimiting landform 
regions - terrainslope and relative relief - exhibit simple geometric relationshipswitbradar 
shadows. Since radarshadowsare ubiquitousfeatures on radarimagery of rugged mountainous 
topography, they loom as an important potentialsource of topographicdata, especially in 
the world's inadequately mapped, inaccessible mountainousregions where photographiccoverage 
is practicallynonexistent. This paperfocuses on the determination of relative (local) relieffrom 
radarshadows. The scope of the paperis as follows- (1) discussion of the conditions necessary 
for radarshadowing, (2) discussion of the length of radarshadows as a function of depression 
angle, Pi , and the height of the terrainfeature, b, (3) considerationof the three types of 
elevated terrainfeatures as related to imaging radarsystems and the restrictionsimposed on 
relative relief measurements by each terrain type, (4) presentation of the equatzonsof Levine 
(1960), McAneraey (1966), and Lewis (1971) for calculatingof relative relieffrom radar 
shadow length, (5) evaluation of the operationalaccuracy of these three equationsbasedon the 
correlationof the radar-derivedand map-derived topographicdata, and (6) selection of the most 
parsimoniousequation. The statisticalresults stronglyindicate that the measurement of relative 
relief can be effectively accomplished using radarshadows Although the statisticsfor all three 
equationsare very similar(r , 0.86; SEE 108 feet and P > .001). Lewis' equation was deemed 
most practicalbecause fewer measurements are requiredfor the calculation of relative relief 
from radarshadows. (Reprinted by permission of AAG.) 

The authors' note that the Lewis equation requires fewer measurements and also note that one assump­
tion, that of a level datum plane on both sides of the object casting the shadow, is necessary. This may be 
quite erroneous in the high terrain areas where they did this work (a portion of Panama). Levine's 
equation does not make this assumption and therefore requires the simultaneous solving of equations 
for two unknowns. Several suggestions are made for further radar applications to geomorphology (see 
also: Lewis and Waite, 1971). 

LEWIS, A. J., and H. C. MacDONALD, 1973 

Radar Geomorphology of Coastal and Wetland Environments 

Proceedings, American Society of Photcgrammetry. Fall Meeting, October, Part 1I, pp. 992-1003. 
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Authors' Abstract: Side Looking AirborneRadar(SLAR) imaging systems are of special 
interestto the coastalandwetland geomorpbologist. Continuousstrip presentationofthe land­
water interfaceof atleast 16 kilometers wide and hundredsof miles longis advantageousfor 
the study of the relativelynarrow coastalzone. In addition, the nearall-weather,24-hour 
imagingcapability is a particular assetin coastaland wetland environs commonly obscured by 
cloud cover. 

A variety of coastalenvironments have been imagedwith commercialradarmappingsystems 
duringthe past 10 years. Some of these coastalareasinclude the Arctic Coast ofAlaska, the 
Gulf Coast ofLouisianaand Texas, the California and OregonCoasts, ChesapeakeBay, and 
the Atlanticand Pacific Coastsof Centraland South America. The wetland environment of 
the Atchafalaya Basin and the coastal swamp and marsh region in Louisianahave also been 
imaged. 

This study summarizes the past work in radar coastal morphology by the authors and their 
co-workers but primarilyfocuses on recently completed researchin the wetland environment 
of Louisianaand the coastal environment of Oregon. 

The work reported in this paper is essentially a summary of previously published works based on K-band 
imagery. A comparison of the work of Roswell and that prepared by these authors with respect to lake 
size and detectability for various environments are quite comparable. The point is often made that some 
of the items detected on the radar imagery were known to exist prior to the interpretation, and that one 
should keep this in mind to avoid making "...wild and grandiose evaluations of the ability of radar 
imagery." An interesting summary article. 

LEWIS, A. J. and W. P. WAITE, 1973 

Radar Shadow Frequency 

Photogrammetric Engineering, Vol. 38, No. 2, February, pp. 189-196. 

Authors' Abstract: To date, the geoscientisthas only made limited use of radarshadowsfor 
collectingquantitativegeomorphic data. Although methods for calculatingrelative relief 
from the length ofa radarshadow have been described, the relationshipbetween the occur­
rence of radarshadows and terrain slope angle has not been previously utilized. As a terrain 
feature will shadow only if the backslope of the feature is greaterthan the depressionangle 
at which it is imaged,slope information is availablefrom the frequency of radarshadowing. 
By samplingacrossthe range of the radarimage, a cumulativefrequency curve of slope 
distributioncan be constmcted The radarshadow frequency method fardetermining ter­
rainslope informationwas tested in six regionsin the UnitedStates where both radar 
imageryand topographicmaps were available. The resultsindicate thatthe radar-derived 
slope curves are comparableto topographicmap-derived slope distributioncurves and 
apparentlyare more realisticin mountainousregions. (Copyrighted by the American Society 

of Pbotogrammetry.) 

This paper is essentially the same as three other papers: LEWIS and WAITE, 1971a, 1971b, and 1972. 

LIU,C. C., 1973a 

Geology of the Area "Senhor do Bonfim" Based on SLAR Mosaic Interpretation 

Instituto de Pesquisas Espaciais, Sao Jose dos Campos, Brasil, 14 pp. 
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Author's Abstract: From the criteria of tonal contrast, drainagepattern,all the landforms and 
the characteristicdistributionand contact relationshipsof the rocks in the SLAR mosaic, the 
writerdistinguishedthe different rock unitsas the Basement Complex, the Plutonic Unit, the 
Metamorphic Unit, the Intrusive PlutonicUnit, the ClasticSedimentary Unit, the Calcareous 
Sedimentary Unit I and 2, and the Alluvium. They are listed above in ascendingorder. From the 
topognaphicpgxpressionsandtheirmicrofeatures,distributionof the aerogeologicrock units, and 
the lineaments,many folds, faults andfeaturesare recognizedfrom the SLAR mosaic. Tombador 
Mountain Range divides this areaof studyintotwo parts. The sedimentary terrain, wbich is in the 
west of TombadorMountain, yields the greatest amount of informationfrom the radarimagery. 
The basement complex terrain, wbicb is in the east of the mountain,yields the least informa­
tion. In the TombadorMountain Range there areseverallarge intrusivegranitebodies con­
tainingprominent dikes, and aroundthe iritrusivebodies there arefeatures whicb suggest 
contactmetamorpbosis. Therefore, this region of TombadorMountain is bopefulfor valuable 
economic mineralresearcbes. (From: Dellwig. et aL, 1975.) 

A radar mosaic was used for geologic mapping in a remote region. The importance of look direction is 

recognized. 

LIU, C. C., 1973b 

Radar Geological Observations on the Low Hilly Terrain Amidst Piaui', Pernambuco and Bahia 
State, Brazil 

Instituto de Pesquisas Espaciais, Sao Jose' dos Campos, Brasil, 10 pp. 

Author's Abstract: This study wias based only in the use ofSLAR mosaicsas ageologicaltool 
in mapping low billy terrain,comprisingmionotonousPrecambrianrocks with similarerosional 
resistance, lack of topographically cbaracteristic appearance andpoor outcrops due to thick soil 
cover. 

From the careful study ofdrainagepatterns,tonalcontrast, topographicfeatures and contact 
relationshipon the SLAR mosaic ofthe studiedarea,fifteen radargeologic rock unitsare 
distinguished. 

From the careful analysisof the topographicdepressions,lineamentsand contactrelationsbip 
between different rock units, many faults andfracturesare recognized. From the different 
directions ofdipslopes, many anticlinal and synclinalfoldingsare also recognized. 

Radar imagery is provingto bean effective remote sensor toolfor geologicalreconnaissance 
studies. Thus radargeologyenablesus to obtaingeologicalinformation through the study and 
analysis ofradarimagery. (From; Dellwig, et aL, 1975.) 

Radar imagery provided data for geologic mapping in an unexplored region. 

LINTZ, J., Jr., 1972 

Remote Sensing for Petroleum 

American Association of Petroleum Geologists Bulletin, Vol. 56, No. 3, March 1972, pp. 542-553. 

Author's Abstract: Remote sensing techniquesin the exploration forpetroleum have not 
moved from the smallscale, limitedstudy-area,experimentalstate to full-scale, large-area, 
operationalstatus. Remote sensing techniqueswill bave come to maturitywben totalbasin 
surrveyfor known and potential hydrocarbonanomaliesare commonplace. As witb much 

ofpetroleum exploration, remote sensing is primarilyan indirectapproach limited to the 
development of drillablepetroleumprospets. The tecbniquesinclude spectroscopicanalysis, 
wbicb offers the potentialfor airbornecompositionalanalysis. Research toward the latter 
objective is still in early phases. 
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The most commonly used wavelengths am the visible part of the spectrum (0.3-0:71), infrared 
film emulsions (0.3-0.9g ), and thermal infrared(8-14p). Equipmentand materialscovering 
these spectralbandsare the best developed and the most widely available. 

Exploration in areasof consistentlypoorilluminationbecause of meteorologicconditions will 
bringaboutincreaseduse of the longerwavelength (microwave) equipment. Cloudpenetration 
is afunction of wavelength;passive microwave radiometers,side-looking radar,and scatter­
ometerspossess tbs capability. Currently,airbornemicrowave instrumentation s not widely 
available,but indicationsare that it toill come into wider use. 

Service companiespreparedto performmultisensordata collecting on a globalscale are now 
operational They offer, on a contractbasis, sophisticatedequipment in advancedaircraft, 
with orwithoutinterpretationpackages. In addition to petroleumcompanies, their clientele 
includesminingcompanies, widely diversified agriculturalinterests,and domestic andforeign 
governmentagencies. (Abstractcopyrighted by AAPC.) 

The basic operation and capabilities of several sensors are presented. The author comments that often 
low-angle visible photography is as good as SLAR; he also comments that often SLAR can obtain data 
where all other sensors are inoperative (i.e., during periods of poor light and/or weather). Several good 
images from the various sensors are included. 

LOVE, J. D., 1970 

Generalized Geologic Evaluation of Side-Looking Radar Imagery of the Teton Range and Jackson 
Hole, Northwestern Wyoming 

U.S. Geological Survey Open File Report - NASA-168, February, 11 pp. + figs. (NTIS
 
No. N72 18356)
 

From Author's Introduction: This study is a generalizedgeologc evaluationof lines, localities, 
and features of varioustypes that are visible on a series of radarimaje strips covering the Teton 
Rangeand Jackson Hold in northwestern Wyoming. No attempt was made to collate a 
complete geologic map with the radarimageat each locality. 

Formationnames,problems of geologicinterpretation,and detailsof stratigraphyandstructure 
thatarenot directly pertinentto the study of the imagery are omitted... 

The paper opens with four general comments, summarized below: 

(1) 	 The like-polarized image is much clearer than the cross-polarized image in the areas of high 
relief. 

(2) 	 Vegetation and soil mantle in the Jackson Hole area have a considerable effect on the tone of 
the images. These differences should be useful in interpreting the surficial geology. 

(3) 	 The direction in which the beam is pointed is of paramount importance in evaluating the 
quality and content of the image. This is sufficiently.important to influence judgments on 
whether or not radar imagery is worthwhile'rn a given area and for a given rock type. 

(4) 	 A serious criticism to straight-line traverses is that they may not show the geology in a manner 
suitable for-accurate interpretation. For future planning, the first step shouid be to devise a 
plan for the most effective and economical geologically oriented radar flight lines. 

The author has compared radar images with oblique photographs of plastic raised relief maps. This was 
partially in anattempt to reply to (4), above. The techriique was useful. He noted that radar imagery 
accentuated relief and geologic features may often be inferred through the vegetation, which is often clearly 
visible in.the images. Several faults, with strikingly different images on opposite sides, are noted. These 
differences are interpreted as arising from topographic differences which in turn result from differential 
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weathering of the unlike bedrock. In general, no rule can apparently be voiced concerning the identification 
of various rock types. Vegetation and spatially contiguous rock types play an important role in the ease 
of identification, as also do the beam angle (i.e., look direction) of the radar signal. Several hot springs 
were not identifiable on the images. However, in several images, "many middle and late Pleistocene fea­
tures and deposits are strikingly displayed on the radar image and their succession of development of 
interrelation can be interpreted." One set of images, with opposite look directions, is used to clearly 
illustrate the advantage of this duplication. In several areas, landslides can be easily recognized by their 
"concentrically lumpy surface configuration." The author gave no indication of the radar system param­
eters. Eleven images, with annotations, and seven references are included. 

LUNDIEN, J. R., 1966 

Terrain Analysis by Electromagnetic Means 

Report 2, Radar Responses to Laboratory Prepared Soil Samples, Technical Report No. 3-693, 
U.S. Army Corps of Engineers, U.S. Army Engineer Waterways Experi aent Station, Vicksburg,
Mississippi, September, ix + 55 pp. + app. (NTIS No. N67 11854, AD 802 104). 

Author's Sumnary: Laboratory tests were conductedwith radarsensorsto detect the presence 
of and measure the depth to subsurface interfaceswhen the surface was bare, and to determine 
the influence on radarresponsesof vegetationat variousstagesofgrowth. A secondarypurpose 
was to continue earlierstudies to relate radarreturnsand the electricalconstants they provide, to 
moisture content and density of samples. 

Large laboratorysampleswere preparedat variousmoisture conrentsand densitiesand with 
variousdepths to a subsurfacemetal plate. Standardpulsed radarsensorsoperatingwith 
frequencies of297, 5870, 9375, and 34,543 megacycle/sec were employed and directedat 
variousangles of incidence to the surface 

The results of this laboratorystudy indicate that the standard pulsed radarsensorscanprovide 
information that willpermit an estimate of the moisture content ofdeep, homogeneoussoil 
samples and the detection of surface vegetation of variousheights. Radarsignaturesof vegetation­
coveredsoilwere more significantlyalteredat Ka-, X-, and C-bandfrequencies than at P-band 
frequencies. However, standardpulsed radarsensorsused monochromaticallycannotprovide 
informationforpredictingdepth to a subsurface interfaceorfor directly indicatingthe 
presence of subsurface interfaces. 

The systematic mannerin which soildepths were varied in thisstudy permitted an analytical 
solution to the problem of measuringdepths of layersand led to the conclusionthat 
properlydesigned radarsystems couldmeasure depths to subsurface interfaces. Three 
such systems areproposed. 

The first three sections of this report deal with an introductory statement defining purposes of the study: 
(a) to detect the presence of sample layers of various moisture contents, densities, and soil types, and 
measure depth of these layers, (b) to measure the electrical properties of soils of various moisture contents, 
and (c) to measure the effect on a soil radar signature of a stand of wheat at various stages of growth and 
describe both the experimental technique and the apparatus used. 

Part four, titled "Data Analysis," presents a short statement on the basis of the analysis; this is followed 
by a mathematical treatment of the method of analysis for both signature and depth-of-penetration tests. 
Arguments are given for the calculation of electrical properties from interference patterns, and the compu­
tation of electrical constants of samples by the wavelength method and by surface reflections. All soil 
test surfaces were.smooth at all radar wavelengths used - only the vegetation Furface (wheat) was not 
specular at incidence angles other than vertical. Only with P-band (the longest wavelength used) was 
sufficient data available to determine the depth of penetration actually achieved. This varied from 24 to 
8 inches with increasing moisture content, to a maximum of 35 percent for silt loam and 51 percent for 
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clay. The lack of adequate data for study of depth-of-penetration at shorter wavelengths occurred because 
the number of oscillations produced for each depth is roughly proportional to the frequency. Consequently, 
at higher frequency, there are a greater number of oscillations, and a need for more data points to define 
the pattern of the oscillations. Similar discussions are presented concerning the study of layered soils 
and dry perlite. 

The apparent relative dielectric constant and conductivity were determined for the several samples at each 
of the radar wavelengths - these are not the same for all frequencies. The data indicate that the dielectric 
constant of the soil depends primarily on the quantity of water in the soil; the effect of soil type is minor. 
"This dielectric constant-moisture content correlation may provide an important relation for remote 
terrain investigations." With respect to the study on the one vegetation type, the normalized echo for 
the long-wavelength radar did not fluctuate as much as with the three shorter wavelengths& Hence, it is 
suggested that the shortcr wavelengths could be used to measure vegetation parameters (height, thickness, 
moisture content) and the long wavelengths be used for soil studies. Three types of radars (monopulse, 
FM, and variable frequency systems) are discussed as to theirpotential uses for such studies. 

The radar used in this study was not an imaging system, nor is the data directly related to the interpreta­
tion of radar images. However, studies such as this are needed for aid and guidance in radar image 
interpretation. 

LYON, R. J. P. and K. LEE, 1970 

Remote Sensing in Exploration for Mineral Deposits
 

Economic Geology, Vol. 63, No. 7, November, pp. 785-800.
 
Originally presented at Alaska Remote Sensing Conference, Anchorage, Alaska, 9 December 1969.
 

Authors' Abstract: Remote sensing,a new termfor an old practice ofairborne exploration, 
has become a "cure-all" for the searchfor new mineraldeposits. This paperseeks to evaluate 
those aspectsof the technology which can be of use to the explorationgeologist,and to place 
the various sensors in a priority-listingforseveral types ofgeologicaltargets A point of sig­
nifficandeto be clearly understoodis that the "skin" (or penetration)depth of most sensors 
is shallow. Remote sensing really offers a chance to rapidlysurvey large areas,in seeking the 
diagnosticsurfacephenomenafrom more deeply hidden ore deposits (Copyrigbted by 
Economic Geology PublishingCo.) 

The authors comment on the engineering (rather than the applicational) approach to the development of 
remote sensors for geology an~d environment problems. That is, there is an emphasis on the given wave­
length (and the state-of-the-art of sensor development) and not on the problem to be solved. One might 
thus be tempted to force a sensor into a problem to which it is not bestsuited. As an indication of the 
best sensor/problem fit, the authors offer a "Definition of Target Phenomena and Remote Sensor Selec­
tion." Interestingly, radar makes a rather poor showing, being noted as Class A (highest) for surface 
texture (rock type) and gravel and placer deposit detection; Class B for structure (i.e., surface relief), 
lineaments, structural traps (for hydrocarbons), topography and drainage; Class D for several permafrost 
studies (patterned rocks, thermokarst features and pingos; and Class E for polygonal ground. No class 
(even the lowest) is assigned to radar for the study of vegetation differences, rock chemistry and mineral­
ogy, or soil moisture. This last is somewhat at variance with some of the "proven" applications included 
in the present bibliography. 

The paper includes several good sets of radar images, one of which (Fig. 4) affords comparison of a 
standard low sun angle, black and white airphoto mosaic and a radar (K-band) image. A striking resemblance 
between the latter two is clearly evident. A SLAR image of Mono Craters, California (U. Kansas, K-band, 
like-polarization) is presented with geologic annotations identifying 14 different features. The authors 
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suggest that "remote sensing should be a small-sbale personal effort, strongly involving the geologist... He 
must direct the program, define its objectives, and personally be present during data-gathering." 

LYON, R. J. P., J. MERCADO, and R. CAMPBELL, Jr., 1970 

Pseudo Radar 

Photogrammetric Engineering, Vol. 36, No. 12, December, pp. 1257-1261. 

Authors' Abstract: An analysis of side-looking,K-band radarimagery indicatedthat most 
of itsgeologicalusefulness camefrom (a) its small-scalepresentation(around1-200,000), 
and (b) its strong,jet-black shadows, which markedly emphasized the topographic relief. 
Severalpublishedpapershave emphasized the effect of low sun-angle on the appearance 
of verticalaerialphotography,so we developed from this a techniqueforsimulatingside­
looking radar(SLARI by conventionalaerialphotography,but with the sun around20­
30 degreesabove the horizon. It is proposed thatthis unconventional type ofaerialpboto­
graphy be termed Lou Sun-Angle Photography(LSAP). (Copyrightedby theAmerican 
Society of Photogrammetry.) 

Similarities of the two methods: 

(1) Both use strong illumination and measure reflected energy. 

(2) Both emphasize third dimension by heavy shadowing. 

Differences of the two methods: 

(1) Radar beam fans out, thus shadow lengths increase (for a given height of an object) with 
increasing range. 

(2) Aerial photography does not require extensive electronic equipment. 

(3) Photogrammetry is well known; radargrammetry is in its infancy. 

(4) Aerial photos retain full stereo properties. 

(5) Radar shadowing can enhance any portion of the terrain, with aerial photography one is 
limited by sun position. 

(6) Sun angle and azimuth are continually changing; change of radar shadow length is constant, 
over about 50 degrees spread. 

Aerial photos show some features that the radar does not, and one example is included as a frontispiece. 
However, the angle and azimuth of illumination of the two techniques, over this terrain, were not the same, 
and therefore the two images (radar vs. aerial photograph) should probably not be compared (see No. 5 
above). 

The paper fails to note some of the other advantages of radar over aerial photography (i.e., differences 
as to the all-weather capability). An example from flat terrain would have been useful. 

The aerial-photography pseudo radar technique could be helpful for simulating radar topographic enhance­
ment images prior to implementing a full scale project. (See also: CLARK. M.M., 1971.) 
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MacDONALD, H. C., P. A. BRENNAN, and L. F. DELLWIG, 1967 

Geologic Evaluation by Radar of NASA Sedimentary Test Site 

IEEE Transactions, Geoscience.Electronics, Vol. GE. 5, No. 3, December, pp. 72-78. 

Authors' Abstract: Interdisciplinaryresearch on the geosciencevalue of radarsystems is being 
conducted by geoscientistsand electricalengineersat the Centerfor Researchin Engineering Science 
(CRES), University of Kansas, Lawrence. This paper presents a segment of the research in which 
theinvestigatorsstudied similaritiesand contrastsbetween panchromaticaerialphotographyand 
radarimageryfrom the Cane Springsareain Arizona, forwhich precisesurfacegeologic data 
are available. Litbologic andstrueturalinformation is availableon the radarimagerywbicb is 
not as apparenton the airphotography;however, the converse is also true. Interpretationsalso 
revealthe fundamentaladvantageofmultisensorreconnaissance,in which several discreteparts 
of theelectromagneticspectrum are utilized, The resultingextrapolation ofdata can provide 
a valuable supplement to geologicalreconnaissance. (Abstractcopyrightedby IEEE.) 

Surface roughness, expressed in wavelength units, can generally be measured on radar imagery to within an 
accuracy of wavelength/2 or wavelength/4 as the lower boundary. In this article accuracy is considered 
wavelength/10. 

Use of VH radar polarization seems best for the definition of the lithologic boundaries. Vegetation in 
the study area was quite dry, thus having a low dielectric which, when combined with its scattered nature, 
gave essentially no radar return. The importance of the angle of incidence of the signal in relation to 
the nature of the back-scattering was noted, emphasizing that, should radar be the only data'source avail­
able, this parameter could lead to grossly erroneous interpretations. 

MacDONALD, H. C., 1969a 

Remote Sensing Techniques in Petroleum Exploration 

Presented at the 18th Annual Meeting, Rocky Mountain Section, American Association of Petroleum 
Geologists, Albuquerque, 23-26 February. 

American Association of Petroleum Geologists, Bulletin, Vol. 53, No. 1, January, p. 216 
(abstract only). 

Authors Abstract: In recentyears, geologicalreconnaissancehas been augmentedby sophisticated 
terraindatagatheringtechniqueswbic, have been categorized as remote sensors. Remote sensing, 
which can be defined simply as reconnaissanceat a distance, is hardlya new concept. Remote 
senging techniquesutilizing the aerialcamera or magnetometer are wellknown to the petroleum 
geologist. Severalairbornedevices arenow availableto supplement the aerial camerafor the detec­
tion cf naturalresources,and a multisensorapproachto terranereconnaissanceshould allow 
exploitationof the entireelectromagneticspectrum. -Rangingfrom the very short wavelengths at 

which gamma raysare emitted, to the comparatively long wavelengthsat which radaroperates,multi­
sensor terrane datafrom the sameareaallow extrapolationofgeologic informationnot available 

with a single sensor. 

Those remote senszng techniques thatappearto have immediatepotentialforpetroleum 
explorationinclude: (1) scanninginfraredsystems which detect thermal variations between 
adjacentfeatures, (2) spectropbotographywhich permitssimultaneous recordingof narrow­
band regionsrangingfrom the visible to near-infrared,and (3) side-scanningradarsystems 
which will operate in the microwave region of the spectrum. Imagingradar perhaps will be the 
sensorthat capturesthe imaginationof the explorationgeologistbecause of thesynoptic presen­
tation of regionalgeologicstructuresandthe penetrationcapabilitywbich has been forecastfor 
long-wavelength systems. Although investigation of the geologicpotentialof this new family of 
remote sensorsis in its infancy, it is apparentthatno single sensorwill provide a panaceafor 
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petroleum exploration;however, these new data sourceswill certainly both complement and 
supplement existinggeological reconnaissance methods. (Abstract copyrighted by AAPG.) 

MacDONALD. H. C., 1969b 

Geologic Evaluation of Radar Imagery from Darien Province, Panama
 

Ph. D. Dissertation, Department of Geology, The University of Kansas, Lawrence, 141 pp.
 
(NTIS No. AD 698 346).
 
(Also in: Modern Geology, Vol. 1, No. 1, November, pp. 1-63.)
 

Abstract: The availability of extensive radarimagery covering approximately 17,000 square 
km in eastern Panama and northwesternColombia has provided geologic datafor an area 
where previous geological investigations have been extremely limited because of inaccessibility 
and perpetual cloud cover.- In previousradar-related geologic studies, most of the radar 
imagery was collected from areaswithin the contnental United States where temperate 
climatic conditionsprevail and where detailedgeologic information was available. The radar 
imagery of eastern Panama, however, representsnot only unique terrain informationfrom 
the tropical environment but the first practicalmapping applicationof side-looking radar 
systems. 

The primaryobjectives of this study were to (1) determine the utility of radarin the compila­
tion of geologicalreconnaissancemaps, (2)define and analyze radarlinears(jointsystems and 
faults) and infer the natureof the tectonicforces responsiblefor certain types oflocalstruc­
tures, (3) examine the effect of radarlook-direction (direction orthogonal to ground track of 
the aircraft)anddetermine if there is a factorof directionaldependencywith radarsystems, 
and (4) evaluate the potentialof radaras asingle geologicalreconnaissancetool in the 
tropicalenvironment and what application these imagingsystems may possessforfuture 
geologicalreconnaissancesurveys in similar geographic areas. 

As in aerialphotographicinterpretation,the analysis of tone, texture, shape, andpattern 
arerecognitionelements on radarimagerywhich contribute to the interpretationof geologic 
data. These recognitionelements as 'well as the distortions inherent to radarimagery are 
evaluated in this study. 

Analysis of single-stripradarimageryin combination with the radarmosaichave, for the first 
time, providedan accuraterepresentationof the regionalgeologic relationshipsof eastern 
Panamaand northwestern Colombia. A readysubdivision can generallybe made between 
igneousand sedimentaryrocks, and large scale structures can be synoptically studied enabling 
the geologist to become quickly familiarwith the essentialfeatures of structuralprovinces. 
On a more detailedscale, a relativestratigrapbcsequence can be determinedif the litbic 

- units are topographicallyexpressed. Where collateralfield datahave been used in conjunction 
with radarimagery interpretation,the geologic informationinterpretablefrom the radar 
imagery of easternPanamafar exceeds those data previously available. 

At thepresent time, radarremote sensing offers the only practicaltechniqueforgeological 
reconnaissancemapping in the tropical environment, however, to obtainthe maximum benefit 
from such studies in poorly mappedareas,it will be necessary to image a specific region from 
four orthogonallook-directins. Regardless of the inherentlimitationsof radargeological 
reconnaissance,the capabilityof obtainingtopographicmappingdata simultaneouslywith 
geologic informationprovides the geologistwith an importantexploration tool (Abstract 
from. DissertationAbstracts International Section B: Sciences and Engineering Vol. 30, 
No. 6, 1969, p. 2762-13 ) 

'Supported by Contract No DAAK 02-68-C-0089. 
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MacDONALD, H. C. and L. F. DELLWIG, 1969 

Geologic Interpretation of Radar Imagery from Eastern Panama and Northwest Colombia 

Presented at the 82nd Annual Meeting, Geological Society of America, Atlantic City, 
10-12 November. 

Abstracts with Programs for 1969, Geological Society of America, Part 7, pp. 140-141 (abstract 
only). 

Authors' Abstract: The availabilityofextensive radarimagery covering approximately 
17.000 square km,primarilyin DarienProvince.Panama,has provided geologicdatafor 
anarea where previous geologicalinvestigationshave been extremely meager because of 
limitedaccessibilityandperpetualcloud cover. The radarimagery representsunique 
terraininformationfrom thisgeographicarea,and the firstpracticalmapping application 
of a side-looking radarsystem. 

In the tropical environment, the interpretationofradarimageryprovides a readysubdi­
vision between igneous and sedimentary rocks,and large-scalestructurescan be synop­
tically studiedenabling the geologist to become quickly familiarwith the essential 
features of structuralprovinces. On a more detailed scale, a relativestratigrapbic 
sequence can be determined using radarimagery,but only if the lithic units am expressed 
in the terrain configuration. Litbologic interpretationfrom radarimagery is largelyprow­
sional,unless corroborativedataare available. However, the actual structural configura­
tion, as well as the pattern of regionalfaults and jointsystems, have never been revealed 
in such detail as those interpretedfrom the radarimagery. Analysis of single-strip 
imageryin combinationwith the radarmosaic have,for thefirst time, providedan 
accurate representationof the regionalgeologicrelationshipsfrom this partofCentral 
America. 

In the tropicalenvironment where conventional reconnaissancetechniques cannotbe 
utilized, radarremote sensing offers the only practicaltechniquesfor geological 
reconnaissance. (Copyrigbted by GSA.) 

MacDONALD, H. C., et al., 1969 

The Influence of Radar Look-Direction on the Detection of Selected Geological Features 

Proceedings, Sixth International Symposium on Remote Sensing of the Environment, 
Report No. 31069-2-X, Willow Run Laboratories of the Institute of Science and Technology, 
The University of Michigan, Ann Arbor, October, pp. 637-650. 

Author's Abstract: The synoptic presentation of side-lookingradarsystems in combination 
with an oblique angle of incident "'illumination"hasprovided enhancement of certain topo­
graphicallyexpressed geologicfeatures (such as faults and lineaments)which were neither 
obvious nor interpretableon conventionalaerial photography. Multiple imagery passes were 
not availableformost areaspreviouslystudied, therefore, the capabilityfor repeatedlyrecog­
nizing these anomalousgeologicfeatures on multiple iiagingpasses and the influence of a 
preferredlook-direction (direction-ortbogonalto the groundtrack of the aircraft)could not 
be investigated. The recent availabilityof multipleflight coveragefrom eastern Panama and 
northwestern Colombia, however, has provided sufficrent datafor a semi quantitativelook­
directionanalysts in which the detection of certain geologic features undera variety of 
terrainconditions has been examined. The geologicfeaturesselectedfor thisstudy are 
faults,jointsystems, and dip slopes. 

Specific examples from those few areasof the United Stateswith multiple pass coverage are 
comparedwith the dataobtainedfrom the Panamaimagery,and it is apparentthat look­
direction does influence the detectabilityof certaingeologicfeatures. Dependingon the 

relative topographicrelief,effective incidence angle, and look-direction,geologicfeatures 
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can be advantageouslyenhancedor can be completely suppressed. Maximum dataretrievalfrom 
radargeologicalreconnaissancein poorly mappedareas necessitatesimaging the specific regionfrom 
four orthogonallook-directions;nevertheless,single strip imagery can contributesignificantinfornma­
tionforgeologicanalysis. 

MacDONALD, H. C. and A. J. LEWIS, 1969 

Applications of Radar Imagery in Geologic and Geomorphic Reconnaissance of Tropical 

Environments 

Presented at the Third Annual Meeting, South'-Central Section, Geological Society of America, 
Lawrence, 27-29 March. 

Geological Society of America, Abstracts with Programs for 1969, Part 2, pp. 18-19 (abstract only). 

Authors' Abstract: Unlike many remote sensing techniques,especially conventional optical 
sensors, radarcan record terraindatairrespectiveof most weather conditionsand totally 
independent of solarillumination. Radarimagery of eastern Panama and northwestern Colombia 

representsneotencterraininformationfrom a relatively unmapped regionwhere conventional 
reconnaissancemethods have been particularlyunproductive due to perpetualcloud cover and 
limited accessibility. Interpretationof this terraininformationforgeologicandgeomorphic 
analyses has allowed the definition of certainadvantagesand limitationswhen utilizingradar­
deriveddata forgeoscience investigations. 

Through the analysis of radarimagery the arealdistributionof rock type andgeometric orienta­
tion of structurescan be inferredfor the determinationof structuralprovinces. Wbere contrast­
ing lithologiesare topographicallyexpressed, stratigrapbicsequencescan also be.inferred 
Radarimagery resemblinga shaded-reliefmap providesan excellent tool fordelimitinggeomorpbic 
regions. The addedgeologicand hydrologic information availablefrom radarincreasesreliability 
of landform analysis;however, in certaintropicalterrainenvironments, multiple imagerypasses 
utilizingfour different orthogonallook directionswill be requiredto accurately define certain 
geologic and geomorpbcparameters. 

The geoscience data available on the radarimageryforeasternPanamaand northwestern 
Colombia far exceed the terraininformationpreviously available,and when supplemented by 
corroborativefield reconnaissancedata, radarremote sensing offers the only practicalreconnais­
vance in cloud-sbroudedinaccessibleenvironments. (Copyrghtedby GSA.) 

MacDONALD, H. C. and W.P. WAITE, 1970, 

Optimum Radar Depression Angles for Geological Analysis 

Technical Report No. 177-9, CRES, The University of Kansas, Lawrence, August, vi + 30 pp. 

Authors' Abstract: Side-looking imagingradarshave proven to be a major sensor forgeological 
reconnaissancestudiesin cloudy environments. Results have been sufficiently encouragingto 
supportinvestigation ofhigb-resolutionradarsas a spacecraftsensorformappingand resource 
evaluation. Forgeologicalpracticality,it is assumed that radar'smost significantcontribution 
would be in thosegeographicregionscontainingrelativelyinaccessible,poorly mapped,mountainous 
terrainwhere photographycannotbe obtained. However, data analysisfrom this study reveals 
thatfor certainterrainconfigurations,the amount of retrievablegeologicinformationwill le of 
marginalutility unless carefulconsiderationis given to the geometry of both the imagin&system 
and the terrainitself. 
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In low-relief areas, the oblique illumination and resultantshadowing by imaging radarscan 
generallyprovide enhancement of topograpbicallyexpressed geological features, but mi 
mountainous terrain, radarshadowing can detergeologicalinterpretation. Especially in 
rugged terrain, two inherent disadvantagesof a radarimagery format which can bindergeo­
logic interpretationare extensive shadowing and layover. Radar depression angle and terrain 
slope define the range over which shadow and layover will occur, but the extent of either 
parameter is defined by relative relief. For most operationalside-looking radarsystems, the 
interpretive dataloss increasesasterrain slopes exceed 35 degrees and local relief surpasses 
1000 meters. Trade-offs between loss of geologic data due to radarshadow and layover, 
versus swath-coverage, have been evaluated. Similarly, the advantage of slight radar 
shadowing in low relief areas'isconsidered Near- and far-rangedepression angles hdve been 
recommended accordingto five global terrain categories,and imaging altitudes are considered 
for both airborneand spaceborneplatforms. 

The authors give a very substantial discussion of the problems of radar layover and shadowing, complete 

with idealized diagrams and real examples of radar imagery. Several calculations relate incidence angle 

to percent of radar foreshortening for determining the operational parameters (relating swath width, 

depression angle and aircraft operating altitude). Two maps illustrating gross topography of the world 
are included, and suggested optimum depression angles for the five slope categories. Study of these 

maps indicates that depression angles in the range of 10 to 550 will be suitable for covering the various 

slopes of the world's terrain with an optimum look angle from airborne radars. 

MacDONALD, H. C. and W. P. WAITE, 1972 

Remote Sensing Practicality: Radar Geology 

Proceedings, Te'chnical Papers, Electro-Optical Systems Design Conference, New York, 12-14 

September, pp. 68-78. 

Authors' Summary: The geologist in the field was not replacedwith the advent of the 
aerialphotograph, but his job was made easier and his data became more understandable 
and meaningful. Similarly, it is not the intent of this paperto claim that radar is a 
panaceafor geologicalreconnaissance,but simply to point out that the interpretationof 
radar imagery may contribute significantgeologic data for reconnaissancesurveys 

Unquestionably,radarwill add information not obtained by otber remote sensors, even 
when the weather is suitablefor them. However, radarwill prove to be the primary sensor 
for any survey that must be performed in a specified time, regardlessof operationalcon­
straints. 

In general, the unique contribution of radaris most likely to be at a maximum (1) in 
remote and poorly-mapped areas of the world, (2) where a regionalrather than detailed 
picture is desirableand (3) where climatic conditions are adverse to ground and aerial 
photographic investigation. Certainly radar remote sensing offers the only practicaltech­
nique for reconnaissancemappingin the wet tropics; however, where aerial photography 
can be obtained, radar imagery should be visualized as a supplement providing its own 
unique data contribution. 

Realistically appraisingthe inherent limitations of radargeologicalreconnaissance,the 
capability of obtaining topographicmapping data simultaneously with geologic information 
provides the geologist with an importantexploration tool. 

Evidence accumulated to date suggests that multi-frequency, polypolarizationradarsystems 
mounted on orbitingspacecraftwill usefully complement ground-basedstudies in tackling 
gross scale mapping problems. The full geological significance of side-looking radars has 
not yet been demonstrated;however, it seems certain that when new systems with, longer 
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wavelengths and improved resolutions are developed, the geologist will find the value of 
radargreatly enhanced (Reprintedfrom Proceedingsof the 1972 Electro-OptcalSystems 
Design Conference. Copyright © 1972 by Industrialand Scientific ConferenceManage­
ment, Inc.) 

This paper is essentially a repeat of numerous other papers presented by the same authors. There is no 

attempt to quantify any of the statements and the entire paper is primarily a qualitative review of the 
authors' previous work. Some statements concerning vegetation penetration and ability of radar to 

detect soil moisture, are still speculative, as pointed out in the paper; but it appears to this reviewer 
that there is now the pressing need to go beyond the broad-brush picture and proceed with data 

quantification. The paper is introductory - of possible use for a first reading in radar geology. 

MacDONALD, H. C. and R. S. WING, 1972 

Petroleum Exploration with Radar - Eastern Panama and Northwestern Colombia 

Presented at the 57th Annual Meeting, American Association of Petroleum Geologists 17-19 April, 
Denver (abstract only). 

Authors' Abstract: Petroleum exploration in eastern Panamaand northwestern Colombia 
has gained impetus from recent sidelooking radar mapping. Radar-derivedgeologic infor 
mation is now available for approximately 40,000 sq km where previous reconnaissance 
investigationshave been extremely limited because of inaccessibility andperpetual cloud 
cover. 

With radarimagery as the sole source of remote sensing data, the distribution, continuity, 
and structuralgrain of key strataprovide evidence that the eastern PanamanianIsthmus can 
be divided into 3 main physiograpbic-structuralparts. -Two composite coastal mountain 
ranges are separatedby the Medial Basin which trends southeastwardfrom the mouth of 
the Bayano River to the Atrato River valley of northwestern Colombia. Within the Medial 
Basin, the most obvious site for petroleum exploration, the majority of clearly exposed 
surface structuresare not particularly attractive prospects becauseprime reservoirstrata 
have been strippedfrom their crests. However, several large geomorpbic anomalies which 
have been mapped in the Medial Basin may be reflections of subsurface structuresbavng 
a complete stratigrapbicsection. The possibilities of gravity-type entrapment in fractured 
organic shales, siltstones, and carbonateshave been suggested along the southern synclinal 
trends of the Medial Basin. The southwestwardextension of the Medial Basin trend, 
coincident with unique beach ridges from a possible granitesource, provides an attractive 
petroleum prospect in the western part of the Gulf of Panama. The occurrence of active 
shell bars in the Bay of San Miguel and present reef trends on the northern Caribbean 
coast suggest possible offshore sitesfor geophysical surveying. (Abstract copyrighted by 
AAPG.) 

MacDONALD, H. C., 1973 

Imaging Radar - Tool for Petroleum and Mineral Exploration 

Presented at the 54th AAPG - 47th SEPM National Meetings, Anaheim, Calif., 14-16 May. 

American Association of Petroleum Geologists, Bulletin, Vol. 57, No. 4, April, pp. 792 (abstract 
only). 

Author's Abstract: Remote sensing methods have greatpotential applicationin geologic 
explorationfor fuel and mineral resources. Unfortunately, many of the more exotic 
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,emote-sensing techniques are still in research and development stages, and most surveys 
must be conducted in the framework of experimentation ratherthan routine operation. 
Sidelooking radar (SLAR) is one of the exceptions to this overall categorization SLAR 
systems, originally developed as all-weathermilitary reconnaissancesensors, areproviding 
extremely encouragingresults in geologic exploration. Although the success of SLAR 
surveys has nor been widely publicized,more than 6 million sq km of radarmapping has 
been completed during the past 3 years. Three commercial radar-mappingcontractors 
have conducted geologic-reconnaissancesurveys in some of the world's most inaccessible 
and remote terrain. Radar imagery is provding a first look at many cloud-shrouded 
regionsin Brazil, Venezuela, Colombia,Panama, Nicaragua,Indonesia, and Australia. 

The fine resolution of aerialphotographyis not presently availablewith imaging radars; 
however, they do offer the distinct advantagesof a large swath of ground coverage 
(typically at least 20 kin). This synoptic presentation allows the interpreterto become 
quickly familiarwith the essentialfeatures of structuralprovinces Minimal scale dis­
tortion allows stereoscopicinterpretationon imagery strips that can be enlarged to at 
least 10 times the acquisitionscale. Radar-mosaicconstructionhas providedsufficient 
base-map information to anticipateand evaluate logistic problems to he encountered 
during seismic operations or when reconnoiteringa territoryfor favorable drilling sites 
Side-looking radar,like any tool, has limitations as well as capabilities for petroleum 
and minerialexploration. (Abstract copyrightedby AAPG.) 

MacDONALD, H. C. and W. P. WAITE, 1973 

Imaging Radars Provide Terrain Texture and Roughness Parameters in Semi-Arid Environments 

Modern Geology, 1973. Vol. 4. pp. 145-158. 

Also published in essentially the same form as: Terrain Roughness and Surface Materials Discrimi­

nation with SLAR in Arid Environments, Report 177-25, Center for Research in Engineering 

Sciences, Space Technology Laboratories, University of Kansas, Lawrence, Kansas, January, 37 pp. 

Authors' Abstract: Regions having a continuous vegetal canopyprovide the radar 
interpreterwith a relatively difficult terrain configurationfor inferringsurface 
roughness and surface materials. Where vegetation covers the ground surface, the radar 
return signal may be influenced by the combination of the vegetation and the terrain 
surface beneath the vegetation. Where vegetation is sparse or absent, however, an imaging 
radarbecomes extremely sensitive to the actualsurface roughnessand surface particlesize 
and texture dominate the microwave return signal 

The physical characteristicsof desert valleys and playas are of concern to the geoci3entist. 
Desert valleys are being exploited for theirpotential hydrologic-landuse significance, while 
desert playas may provide potential aircraftor spacecraft landing sites. In this unique and 
environment the dual-sensorcombination of an imaging radar and aerialphotography 
provides a practicalmethod of monitoringgross changes in surface textures of alluvialfans 
and playa surface conditions. In addition, it appearsfeasible that surface materialsand 
relative surface roughness may be inferred with an improved degree of interpretive 
reliability. 

This paper is divided into two major parts. Part I deals with the basic radar equations with respect to 

wavelength, incidence, angle, surface roughness and dielectric constant of the surface material. Part 11 
is concerned with the interpretation of aerial photography and Ka-band radar imagery of desert 

environments, specifically alluvial fans and playa lakes. The study area was Winnemucca, Nevada, and 

the AN/APQ-97 radar provided the imagery. The authors note that, by using the radar data, it is 

possible to differentiate the younger (lighter toned) alluvial fans from the smoother and older fans. For 

areas of playa lakes, the aerial photo/radar combination provided especially good discrimination of the 
surface conditions. It is suggested that a controlled experiment be conducted to verify the results. 
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MacDONALD, H. C. and W. P. WAITE, 1977 

Preliminary Geologic Evaluation of L-Band Radar Imagery - Arkansas Test Site. Final Report 

University of Arkansas, Fayetteville, Arkansas, November, 28 pp. (NTIS N78-33644) 

Authors' Abstract: Radar imagery at 25-cm wavelength (L-band) was obtained over the 
Arkansas test site on November 4, 1976 and May 29, 1977. Preliminarygeologic evaluation 
of the Jet PropulsionLaboratory L-band data included comparisonwith Landsat, Skylab, and 
other shorterwavelength radarimagery previously obtained over the test site. 

The relatively small angles of incidence (steep depression angles) of the L-band system provide 
minimal shadowing on terrainbackslopes and considerableforeshortening on terrainfore­
slopes which sacrifice much of the topographicenhancement afforded by a more oblique 
angle of illumination. In addition, the dynamic range of the return from the vegetated 
surfaces is substantially less for the L-band system and many surfacefeatures defined primar­
ily by subtle changes in vegetation are lost. In areashaving terrain conditions similarto 
those of northernArkansas, and where Landsat and shorterwavelength aircraft radardata 
are available, the value of the JPL L-band imagery (especially in the normal mode configu­
ration as mounted on the NASA Convair CV 990) as either a complementary or supple­
mentary geologic datasource is not obvious If the L-band imageryprovided for thispre­
liminary evaluation is an example of what might be expected from space (SIR-A), then we 
anticipate a considerabledegree of reluctance by the geologic community to accept radaras 
an improvedgeologic remote sensing technique 

The Arkansas test site is in the Arkoma basin, an east-west trending synclinorium. A large portion of 
this paper deals with the general problems of radar interpretation, specifically imagery format, radar 

foreshortening, radar layover, and radar shadow. 

The authors note, with respect to the L-band data, the following: 
"... lack of shadowing and consequent suppression of landform definitions is evident on 

the L-band imagery." 
"Detection of drainage pattern other than major tributaries is especially difficult on the 

L-band imagery." 
"If we assume that a similar product (to the L-band data) would be obtained from space 
and if Landsat, photographic and aircraft radar data are not available, then some geo­
logic information can be extracted; however, the complementary or supplementary 
value in relation to other data sources is not obvious at this time." 

With respect to polarization differences, only comments concerning vegetation are offered, that is, that 

the differences in forested terrain are not obvious and the polarization differences seem to be most 
sensitive to bare fields rather than cultivated fields. It is only in the summary that resolution is 

mentioned with respect to the several radar systems used for comparison. The paper is apparently 
incorrectly titled, for although the authors give a recitation of the geologic setting, they do not relate 
these geologic features to the radar data, and vice versa. Only a few general topographic features are 
actually described, and then in quite general and qualitative terms. 

MALIN, M. C., D. EVANS, and C. ELACHI, 1978 

Imaging Radar Observations of Askja Caldera, Iceland 

Geophysical Research Letters, Vol. 5, No. 11, November, pp. 931-934 

Authors' Abstract. Surface rougbness of nine radarbackscatter units in the Askla Caldera 
region of Iceland was examined in computer-enhanced like- and cross-polarizedradarimages 
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A field survey of the caldera was thenused to check the accuracy of the preliminary 
analysis. There was good agreementbetween predictedsurface roughness of backscatter 
units and surface roughness observed in the field. In some cases, variationscould he 
correlatedwith previously mapped geologic units. 

Using the L-band (25-cm) radar operated by the Jet Propulsion Laboratory, and-the HH, HV data from that 
system, the authors determined the brightness (i.e., reflectivity) from image film and then ratioed the 
values (HH/HV) for nine units identified on the radar imagery. A short conceptual discussion of the 
scattering of radar energy from these units (Bragg and Rayleigh scattering) and general radar interpretation 
problems are included in the paper. A brief field visit confirmed that radar imagery, used in the way 
described, will be especially useful in distinguishing surface roughness of the several units. Some contribu­
tion to the radar energy reflectivity is attributed to two sources: moisture and wet lichens on the surface. 
The authors make two observations that have general application to radar interpretation. (a) smooth 
surfaces, regardless of their origin, can be identified, but the material causing that smooth surface (e.g., 
ash, sands, loess, gravels, etc.) cannot be distinguished, and (b) "That as long as radar interpreters do not 
attempt to draw from their radar images information beyond the capacity of radar systems and interpreta­
tive techniques to provide, radar appears to hold significant promise in certain remote sensing applications." 

MAR;TIN-KAYE, P. H. A., 1973 

Geology of Eastern and Central Nicaragua - Interpretation of Side-Looking Radar Imagery 

Presented at the-54th AAPG-47th SEPM National Meetings, Anaheim, CA., 14-16 May. 

American Association of Petroleum Geologists, Bulletin, Vol. 57, No. 4, April, pp- 792
 
(abstract only).
 

Author's Abstract: In late 1971, the entire country ofNicaragua was surveyed by side-looking 
radarforthe productionof a 47-sbeet sequence of I 100,000-scale mosaics Interpretationof 
the imagery of the centralhighlandsand eastward toward the Atlantic Coasthascontributed 
substantiallyto the elucidationof the geology of thispreviously little-known region. Although 
little thatis new has been added to the stratigrapbiccolumn, the distribution of the main 
stratigrapbcunits hasbeen clarified,and the principalstructuralelements established. The 
work in Nicaraguais an additionalexample of the quality of side-lookingradarfor rapid 
regionalgeologic interpretationand consequentguidance ofground programs. (Abstract 
copyrighted by AAPG) 

MARTIN-KAYE, P. H. A., and A. K. WILLIAMS, 1973 

Radargeologic Map of Eastern Nicaragua 

Memoriria de la IX Conferencia Inter-Guayanas, Boletin de Geologia, Publicacion Especial No. 6, 
Caracas, Venezuela, pp. 600-605. 

Authors' Abstract: The speed of side-look radarsurvey, independencefrom daylight and most 
weatherconditions,togetherwith the strength of imagery for interpretation,renderthe system 
particularlyvaluablefor rapid regionalstudies of areaswith persistentcloud overcast. 

In 1971 the WestinghouseElectricCorporationundertook a radarsurvey of the entire country 
ofNicaragua, the interpretationof approximately 2/3rds of the resulting 1 250,000 scale imagery 
in geologicand other terms was subsequently carriedout by HuntingGeology and Geophysics. 
Ltd The study, covering about80,000 square kilometers,forms part of Phase II of the two­
phase country-wide survey programme of Catastroe Inventarode Recursos Naturalesfor the 
assessment of Nicaragua's land development andmineralpotential. The Phase lproject. 
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area encompasses East,North and Central Nicaragua much of which ispoorly accessibleand 
has been geologically little known. 

The geological interpretationof the imagery, presented in a map sheetseriesat 1.100,000 scale 
to overlay radarmosaic sheets, was executed witboutgroundcheck work and relied upon 
interpretationalskill and the generallysparseexistingdata. There are limitations to detailand 
confidenc in surveys of this nature but a very much improved geological map of the region 
has resulted. Ofparticularimportanceis the regional guidancethatmap can now provide to 
mineralexploration. A simplified compilationat 1:500,000 scale of thismap is presented. 

Nicaraguabelongspartly to NuclearCentralAmerica andpartly to the South CentralAmerican 
Orogen. The country is made up of eight major structural units. (1) A PaleozoicNucleus in 
the northwest consistingof schists,greywackes, conglomerates andlimestones. (2) A Mesozoic 
platform in the north and centre consistingof limestones,shales, conglomeratesand volcanics, 
overlain in partby relics of a Tertiary volcanic archipelago. The PaleozoicandMesozoic are cut 
by a number of Laramide Grantic plutons. (3) A southern Volcanic Province,apparentlylargely 
of submarinevolcanicsand some Lower Tertiary sediments. (4) A CentralHighland Transition 
zone between (2) and (3) above, of confused structureand overlapped partly by (5). (5) An 
IgnimbriteProvince east of the NicaraguaDepressionin the centralpartsof the country charac­
terized by ignimbnriceffusions. (6) The Atlantic CoastalBasins occupied by Tertiarysedimentary 
sequences. (7) The Nicaraguan Graben, marked by the NicaraguanDepression. (8) The Pacific 
Coastlands andSierras. All except (8) arerepresentedin the Phase11 ProjectArea. (1) and (2) 
belong to NuclearCentralAmerica, the remainderto the South CentralAmerican Orogen or 

transition zones. 

Faultingis on a large scale. Two main directionsarerecognized NW-SE to NNW-SSE, the 
Amerisque trend,and NE-SW to NNE-SSW, the Isabellatrend, the latterbeing in partyounger. 
A very largeAmerisquefracturezone, the MatiguasFaultzone, traverses the countryfrom 
PuntaMona on the Atlantic Coast to the Honduranborder,continuingnorthwardsfor a total 
of about500 kin. Mineralisationappearsmainly associatedwith faults of the Isabella trend. 

A brief description of the geology and stratigraphy of Eastern Nicaragua is presented in this'paper, but it 
is difficult to determine the exact role that was played by radar in the definition of these two items. The 

authors do note, however, that. 

(1) 	 Paleozoic metasediments "... are clearly recognisable on the radar imagery 

(2) 	 "On the imagery these (Mesozoic) rocks can be easily identified by the parallel linear features 
exhibited by the bedded sequences; individual members are sometimes traceable over many 
kilometers." 

(3) 	 "Correlation (of Tertiary volcanics) with radar units is not practicable without ground check. 
On the radar map some sub-division of sediments considered as Tertiary is possible." 

(4) 	 "Young (Late Tertiary and Quaternary) sediments are widespread in the coastal and 

plain-land areas. Several units are readily separable on the imagery." 

In their introduction, they note that "resolution improves with increase of wavelength." Also, it is noted 

that "The good resolution of the K-band brings greater susceptibility to interference by rainfall..." Both of 
these comments indicate some confusion between resolution and wavelength. 

MATTHEWS, R. E., editor, 1975 

Active Microwave Workshop Report 

NASA SP-376, U.S. Government Printing Office, Washington, D.C., xii, 501 pp. (NTIS
 
N76-11811).
 

No author's abstract. 
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Data from a conference on active microwave systems are summarized. Summaries ccver remote sensing 
of earth/land features, ocean/atmosphere interaction and equipment and instrument technology. This 
volume is somewhat difficult to read due to the lack of any comprehensive index and because itwas 
written by a number of individuals. Hence, when the various portions were blended together, some 
variance will be noted in notation, style, etc. Nonetheless, this report is one of the most up-to-date com­
prehensive statements on the state-of-the-art vis-a-vis imaging radar remote sensing as applied to earth 
resources. 

McANERNEY, J. M., 1966 

Terrain Interpretation from Radar Imagery 

Proceedings, Fourth Symposium on Remote Sensing of Environment, Report No. 4864-11-X, 
Willow Run Laboratories of the Institute of Science and Technology, The University of 
Michigan, Ann Arbor, pp. 731-750 (NTIS No. AD 638 919). 

Author's Abstract: The interpretationofphysiographicand culturalterrainfeatures from 
imagery obtainedwith high resolution,side-looking radaralone is demonstrated. Two areas 
in the central United Statesare used as examples. Through a deductive processsimilarto 
that used in interpretationof visualaerialphotography, it is shown thata trainedinterpreter 
can describethe physiography,geology andsoil ofa land surface andprovide a reasonable 
assessment of the geography of a populated region. The discussion includes an example of 
measuring terrainrelief from radarshadows. 

Two sets of images, sketch maps, and aerial photos are shown to illustrate some basic concepts and proce­
dures for radar image interpretation. Although the ground truth was done several years after the images
 
were taken, the interpretations, dealing with major cultural and physiographic features, remain valid.
 
In one of the study cases, 2 in. of snow covered the ground, but is not readily apparent in the images.
 
The radar used was an AN/APOQ-56 operating in the Ku-band.
 

McCAULEY, J. R., 1972a 

Surface Configuration as an Explanation for Lithology-Related Cross Polarized Radar Image 
Anomalies 

4th Annual Earth Resources Program Review, Vol. 2, University Programs, NASA, MSC, Houston, 
January, pp. 36-1 to 36-9 (NTIS No. N72-29327). 

From Author's Introduction With the development ofmultipolarized side-lockingradir 
systems, it becamepossible to record two orthogonalcomponents of the backscattered 
radiationin the form of two congruentand simultaneouslyproducedradarimages, a 
like-polarizedimage, eitberHHor VV, anda correspondingcross-polarizedimage, HV or 
VII. Study of Westinghouse AN/APQ-97 Ka-bandmultipolarizedimagery acquiredin 
1965 and 1966as part of the Earth Resources Ptogramhas uncoveredvarious targets 
that appeardifferently on the like- and cross-polarizedimages Onegroup ofpolarization 
anomalieshas concernedgeologistsfor some time, namely the significantly lower cross­
polarizedreturnsproducedby certainvolcanic rocks 
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The author's conclusions state that three rock types produce radar images characterized by bright 

like-polarized returns and dark cross-polarized returns: (1) geologically recent blocky lavas, (2) some 

Tertiary volcanics, and (3) certain massive sandstones. Outcrops of these three share certain features: 

(1) 	 Large planar rock surfaces in comparison with the wavelength of the incident radar are 

abundh.nt, and detrital material and vegetation are of secondary importance. 

(2) 	 The planar surfaces appear to contribute significantly to the returning radar energy with 

this energy maintaining a constant polarization. 

(3) 	 The outcrop areas are of sufficient size and sufficiently uniform character to be delineated 

on small scale K-band inagery. 

Cross-polarization'may become more important in the design and utilization of future radar systems. 

McCAULEY, J. R., 1972b 

An Evaluation, of Radar Imagery in Areas of Alpine Glaciation 

Presented at the Sixth Annual Meeting of the South-Central Section of the Geological Society of 
America, Manhattan, Kansas, 6-8 April. 

Abstracts with Programs, Geological Society of America, Vol. 4, No. 4, February, p. 285 (abstract 
only). 

Author's Abstract: Side-looking radar's oblique illumination affords a terraindisplay that 
enhancesmany of the landforms resulting from alpine glaciation. Imageiy of the San Juan 

Mountains of Colorado,the SierraNevada of California,and the Yellowstone-Jackson Hole 
region ofWyoming was used in the evaluation. Cirques,aretes,glacialtroughs,banging 
valleys, roche moutonnees and other erosive effects ofalpine glaciation are all displayed on 

the imagery, as are depositionallandfornsincluding lateral and terminal moraines, outwasb 
plains,and knob and kettle topography. Although shadowingin thefar range is found to be 
excessive in some areas of high relief, this same shadowingfeature of side-lookingradaris 

shown to be beneficial in delineatingfeatures of subtle topographicexpressionsuch as low 
morainalridges. Long lineargrooves of up to three milesin length retultingfrom differential 
glacialerosionare also vividly displayed in one areaofstudy. Although the large scale of the 

imagery discouragesdetailedstudies, it aids those of a regionalnature. Differentialglacial 
erosiondue to variationsin local climate is expressed in imageryspanningthe crest of the 
Sierras,and large scale imagery of theJackson Hole area allows the inference ofglacial 
history. In addition, radarimagery sbowspotentialfor inter-regionalstudies (Copyrighted 
by GSA.) 

MOORE, R. K. and L. F. DELLWIG, 1966 

Terrain Discrimination by Radar Image Polarization Comparison 

IEEE, Proceedings, Vol. 54, No. 9, September, pp. 1213-1214. 

No Authors' Abstract. 
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An AN/APQ-97 radar (U.S. Army Electronics Command/Westinghouse) was used to obtain like- and 
cross-polarized (HV, HH) imagery of the Pisgah Crater NASA test site. Alluvial fans and lava flows are 
easily defined on HV imagery, demonstrating the importance of simultaneous like- and cross-polarized 
imagery for geologic interpretation. 

MOTOROLA AERIAL REMOTE SENSING, INC., 1976 

An Application of Side-Looking Airborne Radar for Surveying Geology and Natural Resources 
Potential 

Motorola, Inc., Phoenix, Arizona, August, 26 pp. 

Introduction: This brochurespecifically outlinestbe applicationofside-lookingairborne 
radarin resources inventory, land utilization and geologic studies. The equipment and tech­
niquesexplainedbare recently become available commerciallyforresource surveys and 
relatedwork through MotorolaAenal Remote Sensing, Inc. 

The survey involves three basic operational pbases asfollows; 

1) Data Gathering - A side-lookingairborneradarsurvey of-tbe totalgeographic 
area of interest; 

2) Data Processing - Preparationof radarimagerystripsand radar mosaics covering 
standard1.250,000 topograpbcmap sheets; and 

3) Data Interpretation- Mapsprovidingan initialgeologicalinterpretationof the 
survey data to the extent needed to provide basicgeologic and resourceclassification. 

These phases are more thoroughlydiscussed and illustratedin followingsections of this 
brochure. 

NATIONAL RESEARCH COUNCIL, 1977 

Microwave Remote Sensing from Space for Earth Resource Surveys 

Committee on Remote Sensing Programs for Earth Resources Surveys, National Academy of 
Sciences, Washington, D.C., October, ix, 139 pp. + figs., tables, refs. 

No Author's Abstract. 

This report is a review, by the Committee on Remote Sensing Programs for Earth Resources Surveys, 
of a NASA sponsored Microwave Remote Sensing Program Five Year Technical Plan, 1977-1982. It is 
an especially interesting document because it presents a rather candid and possibly controversial review of 
the NASA proposals. Basically, the Committee supports passive microwave for soil moisture and salinity 
studies and single polarization radars for geological studies. The arguments and data used by the Committee 
are included in the report. Thus, this report provides quite interesting reading with respect to the deci­
sions that are being made concerning microwave remote sensing from satellites. 
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NORMAN, J. W., 1972 

Geological Applications of Side-Looking Radar 

Side-looking Radar Systems and Their Potential Applications to Earth Resource Surveys, Vol. 3, 
Potential Applications of SLR to Remote Sensing of Earth Resources. Elliot Automation Space 
and Advanced Military Systems, Comberley, England. Ref. No. 5795, July, vi + 135 pp. + app., 
pp. 64-84 (NTIS No. N73-12401, N73-12406). 

No Author's Abstract. 

As with the other papers in this series (EASAMS, 1972c), the introductory section consists of a brief
 
review of the background of the discipline of geology. The nature of various rock types and surface
 
structures (desert pavements, soil properties, faults, fractures, etc.) of interest to geologists is treated.
 
The present status of SLR for securing geological information is presented, with examples of the type of
 
information devices. (These are not repeated here because the references supplied by the author have
 
been amply expanded elsewhere in this bibliography.) Some potential applications of SLR for geologic
 
work are mentioned, including general geologic mapping (1:100,000 or smaller), fracture trace analysis,
 
possible damage assessment following earthquake and volcano disasters, soil moisture, and snow monitor­
ing. It is suggested that more study is needed on the ability of radar to penetrate tree canopies and soil,
 
and also in microrelief studies.
 

Recommendations for an experimental program emphasize that the decision to continue support should 
depend on: (a) instrument performance, (b) testing of instrument under field conditions, (c) training
 
a cadre of interpreters and (d) development of data processing techniques. A program for each of these
 
topics is briefly outlined in the paper. It is also suggested that spectral signatures are likely to yield more
 
reliable results than do pattern recognition techniques. Ground parameters to be studied are presented,
 
with a list of six proposed large test sites. The author concludes with several statements comparing SLR
 
to other sensor data (e.g., aerial photographs) and presents the balanced view, that (a) although SLR instru­
mentation will be perfected, so will other sensors; (b) SLR has a -widerdynamic range and, if the data are 
placed directly on magnetic tape, it will be of great use; and (c) an interpretation bottleneck may develop, 
both in terms of human and machine interpretation. A 16-item bibliography is included. 

ORR, D. G. and J. R. QUICK, 1971 

Construction Materials in Delta Areas 

Photogrammetric Engineering, Vol. 37, No. 4, April, pp. 337-351. 

Authors' Abstract. Proceduresfor identifying likely sources of materialsfor engineering 
constructionwith midti-spectralremotesensorareapplied to apart of the Mississippi 
Delta. Sensors includedpanchromaticolorand color-infraredpbotograpbs,tbermal-infrared 
imagery, radar,nine-cbannel multispectralscan imagery, and small-scale pboto-index mosaics 
Ground truth was acquired concurrentlywitb the remote sensoroverfligbts, it includedsoil 
moisture, soil temperature,wind velocity, groundpbotograpbsandsoil samples A two-pbase 
procedureinvolved a regionalanalysisfollowed by a detailed analysis. The APQ-97was the 
most versatile radarsystem forregionalanalysis Colorinfraredphotograpbswerepreferred
in most instancesfor detailedanalysis in the deltaenvironment Tbermal-infraredimagery
provided useful informationwhere it was applied in conjunctionwith photographs. The 
bigbest potentialsources of constmuction materialsin this areawere within the cbeniers, 
point bais,river barsand active beacbes (Copyrighted by the American Society of 
Photogrammetry.) 

Three radar systems (APQ-102, APQ-97, and APS-94) were used; the second givesexcellent results for 
both the location of terraces and abandoned channels. 
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PAGE, R. M., 1962 

The Early History of Radar 

Proceedings, IRE, Vol. 50, No. 5, May, pp. 1232-1236. 

Author's Summary: Fivebasic ideasare identified,-the combination ofwhich constitutes 
radar.A cleardistinctionis then made between thiscombination of ideas,the contemporary 
technology from which it grew, andthe contemporary scientific knowledge on which it was 
based. The mainstreamof the development of radaris tracedin a sequence of related events 
from 1922 to 1941. The technologicalproblems encounteredand the solutions employed in 
the first radardevelopment are outlined in some detail. Two sidestreamsof radardevelopment 
are identified- Relationshipsamong the three streams are discussed 

The five basic ideas constituting radar-are: 

(1) Detection and location of remote reflecting objects by means of electro-magnetic radiation 
at high radio frequencies. 

(2) Radiation in pulses separated by 'silent' intervals. 

(3) Detection and display of returned pulses. 

(4) Measurement of pulse travel distance (transmission and return) by means of an independent 
time standard. 

(5) Direction determination with a highly directive radio antenna. 

PAGE, L. R., 1969 

Geologic Analysis of the X-Band Radar Mosaic of Massachusetts 

Second Annual Earth Resources Aircraft Program Status Review, Vol. 1, pp. 4 - 1 to 4-19. 

Author's Abstract: The X-band radarmosaicof Massachusetts,at a scale of 1 500,000 
made by the Grumman AircraftEngineeringCorporationunder contract for the U S. 
Geological Survey in cooperation with the U.S. Army and National Aeronautics and Space 
Administration,presents an overall view of the geologic andgeographicfeatures of the 
state. 

Lineament patternsallow recognitionof majorstructural features that can be relatedby 
geologistsfamiliarwith local areasto faults, joints, folds, and stratigrapbyof the bedrock 
and drumlins,fans, and channels ofPleistocenedeposits. 

More refinement of the method is needed to obtain uniform quality of imagery, correct­
ness of scale, and appropriateorientationof/flight linesfor maximum use in unknown 
terrain (From. Dellwig, et a., 1975.) 

The synoptic coverage afforded by the Massachusetts radar mosaic would have enabled the mapping 
program to focus on the best areas to begin mapping if a mosaic had been available at the outset. 
Problems confronting interpreters included (1) imagery scale variations, (2) a lack of understanding of 
variations in reflectivity and (3) identification of linear features normal to flight lines. 
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PARRY, J. T., 1973 

The Role of AN/APS-94D X-Band SLAR In Terrain Analysis 

Defense Research Board of Canada, Ottawa, Ontario, Canida (Contract SP2-7090163, Serial 

2SP3-0024), November, 128 pp., figs., refs., tables. 

From the Author's Conclusions: Radar may be consideredas a unique sensorwith the following 
specific advantagesandshortcomings with regardto terrainanalysis: 

a) 	 rapid data acquisition and a synoptic view of the terrain; 

b) 	 synoptic capabilityextended through theproduction of mosaics,but this is more difficult 
with slant range than groundrangeformat data; 

c) 	 constantilluminationanglefor the entireswath of radardata; 

d) 	 accentuationof topographicdetail due to oblique look angle; 

e) 	 radarshadowingemphasizes directionaltrendsof the topography; 

f) 	 radarshadow datashow high correlationwith local reliefif the random azimuth method is used; 

g) 	 morc.texturaldetail is availablefrom radarthanfrom othertypes of imagery at equivalent 
scales; 

h) 	 radarmost effective in definition ofwater bodiesforasummerscene; 
radaris less effective at definition of drainagepatternsespeciallyfor first andsecond order 
streams; 

i) 	 soil and rock types are identifiedby inference only; 

1) 	 typicallystrongreturnsare received from man-made features. 

The radar used in this study was the AN/APS-94D (X-band) real aperture system. The study area was 
the Rouge River area northwest of Montreal, Quebec, Canada. Data were collected on 08FEB72 and on 
,04JUL72. Two rather lengthy tutorial statements concerning SLAR principles and the general principles 
of radargram interpretation are included and these are followed by specific examples of the study area 
with respect to urban and terrain features. Specifically, it is noted that as the range of the radar increases, 
the density of the film recordings increases to a point where the depression angle is approximately 
10 degrees. At that point, the density curve reverses. This is true for water bodies in the study area. A 
small study was conducted to determine if water bodies could be differentiated from shadow on a basis 
of film density, and it was determined that this can indeed be done. A morphology study (i.e., terrain 
relief) was conducted - see conclusion "f"above. There may be a slight overstatement in that the conclu­
sions should be regarded as applicable to the particular radar set used. This is especially true with respect 
to resolution - i.e., the comments would not be applicable to a synthetic aperture radar (falling off of 
resolution with range). 

PARRY, J. T., 1974 

X-Band Radar in Terrain Analysis Under Summer and Winter Conditions 

Proceedings, Second CanadianSymposium on Remote Sensing. Guelph, Ontario. Apr. 1974, 
pp. 471-485. 
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Author'sAbstract: When consideredas a remote sensingsystem for terrainreconnaissance, 
radarhas many advantages. The outstandingfeatures ofSLAR systems are their wide angle 
coverage, the capabilityof imaging in darknessandpoorvisibility, the enhancementof topo­
graphicfeaturesas aresult of obliqueillumination, and theprovision of informationregarding 
terrainroughness and localreliefin the texture andshadow of the radarimage. Motorola 
ANIAPS-94D, X-band radarwas used in this study with imagery obtainedalong a 65 km 
transectin the Laurentiansbetween the Ottawavalley and Mt. TremblandPark-in bath 
summer and winter conditions. All aspectsof terrainwere examinedincludingsurface com­
position vegetation andsnow cover, ahd surface morphology. Densitometrictechniques 
were vied to examine the differences in radarbackscatteringbetween the varioussurface 
and cover types, to assess the effects of depressionangle on the image tones, and to dis­
criminatebetween water bodies and radarshadows Radar tore and texture were shown to 
be relatedto differences in vegetation structure. The role of radarimagery in providing 
a basisfor terraintype mappingwas demonstratedand a technique elaboratedfor using 
radarshadows in the analysisof local relief 

The author of this paper has addressed himself to several of the features that are commonly studied by 
geomorphologists. Although the study was based upon two sets of imagery collected from the same 
location at two seasons, and therefore possibly not representative of other terrain situations, it is a vell 
organized and presented study and provides guidance for others working in the discipline. It is noted that 
geologic structure (but not lithology), 3 rd order streams and larger, and general vegetation types are 
detectable. A very interesting discussion concerning the distinction between-water bodies and shadows 
(generally the former are slightly brighter) is presented and deserves close study. Although little that is 
genuinely new to the general study of radar imagery (termed radargrams in this paper), it is one of the 
few published papers,(to this date) that presents explorations of quantitative geomorphology and terrain 
analysis from radar image data. 

PASCUCCI, R. F., 1971 

Comparative Contribution of Three Sensors to the Remote Sehsing of Geologic Environment 

Paper presented at 37th Annual Meeting of the American Society of Photogrammetry,
 
7-12 March.
 

Photogrammetric Engineering, Vol. 37, No. 5, May, p. 491 (abstract only). 

Author's Abstract: In orderto determine the relativeand unique contributionsto the 
mappingofgeologic environment that could be made by three of the most promising 
non-pbotograpbic, remote, airbornesensors, two test areas in Californiawere overflown, 
one in the western foothills of the Sierra Nevadasand the other on the easternflank of 
the CoastalRange. The sensors used were an APQ-97 side-lookingradar,an AAS-I0 
thermal infraredline-scanning system, and two passive microwave radiometersoperating 
at 30.2 and 10.0 GHz. interpretationof the sensordata thus acquired,and comparison 
of these datawith the available 'ground truth" maps of the area,revealed that the side­
looking radarwas superiorto the othersboth in geologic content and interpretational 
accuracy. The thermal infraredwasfound to contain less useful geologic data, ofwhich 
some was redundant and much was liable to spuriousinterpretation. However, it was 
alsofound thatthe infrared,by sensng in a different parametricregime, detected features 
that the radardid not, suggestingthat the infrared can be a valuableadjunct to side­
looking radarin a multiple sensor geologic survey. 

It could not he satisfactorilydemonstratedthat the passive microwave radiometers 
providedany usefulgeologic dataat all. (Copyrightedby the American Society of 
Pbotogrammetry.) 
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PETERSON, R.M., 1969 

Observations on the Geomorphology and Land Use of Part of the Wasatch Range, Utah 

The Utility of Radar and Other Remote Sensors in Thematic Land Use Mapping from Spacecraft: 
Annual Report, Edited by D. S. Simonett, U.S. Geological Survey Interagency Report - NASA-140, 
iv + 113 pp., pp. 75-113 (NTIS No. N69-16255). 

From Author's Introduction- This paperis an analysis of radarimagery ofa region nearSalt Lake 
City, Utah. K-band radarofan area 12 miles wide and 30 miles long was examined to document 
its potentialforobtaininginformation on physiography,surfacematerial,geomorphic history, 
mineralized areas,drainage,land use, and transportation 

Both HH and HVpolarizationsof the AN/APQ-97 radarwere examined with the nakedeye 
and with a 5-power microscope. 2X prints of the radarimagery were also used in the study. 

Thorough study of the radarimagery resulted in a wealth of information,much ofubicb is 
new andnot in reportsor maps of the area. Examplesare some ancestralstreampatternswith 
resultantinformationon the originof the Wasatch Range, fracturezones, andpossibly undiscovered 
mineralizedareas 

After a study of the radar,information obtained from the imagery was compared with data 
on topographicmaps, geologic maps, and 1.63,360-scaleaerialpbotomosaics Itisstgnificant 
that even though the scale of the radarimagery is only approximately 1.160,000, it was nec­
essaryto consult maps of 1-24,000 scale to observe some of the same features. In some 
cases comparison of first-roundradardatawith published datagave clues to morefeaturesto 
searchfor on radarimagery and resulted in new discoveries. Examplesare two previously 
unreported major fracture zones andajoint set that appearto controllocation of mineral 
deposits in the Park City area. 

.The following items are noted as being identified on the radar imagery: stream canyons cutting the Wasatch 
front, nucleated farm settlements, the relationship between well drained land and villages and farm loca­
tions, clusters of cottages and mine buildings, stream terraces, Lake Bonneville terraces, drainage patterns 
(both modern and ancestral), moraines and other features of alpine glaciation, geologic structure, mine 
dumps (especially when HH and HV imagery are compared). The author states that "radar imagery appears 
to have value as a tool in studying genetic landscape evolution and for quantitative geomorphic classifi­
cation" and presents a physiographic map of the area derived from the available radar imagery. Eight 
separate thematic maps were prepared from the imagery, including transportation, surface materials, 
landform classification, present drainage, ancestral drainage and physiography [p. 102] . Of these, seven 
are included in the paper. The paper is, in general, an excellent and concise presentation of the potentials 
of radar for geomorphology and land use dara gathering- It should be more widely circulated to serious 
researchers. 

POWERS, R. E., 1972 

Side-Look Radar Provides a New Tool for Topographic and Geological Surveys 

Westinghouse Engineer, Vol. 32, No. 6, November, pp. 176-181. 

No Author's Abstract. 
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This introductory paper presents the basic concepts of using SLR for earth resource studies. Following a 
brief discussion of the geometry of radar imaging - including the aircraft flight line, ground track, antenna 
orientation and CRT trace modulation and adjustment - the author'discusses some successes of SLR mapping 
programs. Specifically mentioned are mapping efforts in Brazil, Indonesia, Nicaragua, and Ecuador. 
Although short wavelength radar is not considered to be able to penetrate vegetation, the vegetation in the 
dense jungle closely follows terrain and is further enhanced by geologic, soil, and moisture diversities. Thus, 
by analogy, the surface relief can be determined and inferences can be made as to the mineral and petroleum 
potential of the study area. This method of exploration, using the Westinghouse APQ-97 radar, has had 
some large successes. Agricultural use of radar for crop identification is briefly mentioned. Future sug­
gested tasks for SLR include a study of rectification of imagery to meet standards for topographic mapping 
accuracy, and signature studies to facilitate automated data processing. The author concludes: "Of all 
the relatively new remote sensors m use (IR scanners, radiometers, scatterometers, etc.) side-look radar 
has been the most useful and most successfully applied tool for earth resource development." 

PROSTKA, H. J., 1970 

Geologic Interpretation of a Radar Mosaic of Yellowstone National Park 

Inter-Agency Report NASA-179, U.S. Geological Survey, Washington, D.C. (NASA-CR-121425; 
NTIS: N71-33185), 16 pp. 

Author's Abstract: A rdarmosaic of the Yellowstone NationalParkareadepicts the 
topographicand surface texturalfeatures offive major rock units and structuralfeatures 
well enough that a fairly accurategeneralizedgeologic map could be drawn, Correct 
rock units are shown in 70 percentof the areaof this interpretivemap. Interpretive 
errorsresult in the areaswhere diagnosticfeaturesare masked by surficialdeposits 
or have been modified by glacialscouror young faults. (From: Dellwig, et al., 1975.) 

Radar imagery is primarily useful for detection of geologic elements with distinctive topographic expres­

sion or unique surface texture which are not masked by surficial deposits. 

RATHEON COMPANY, 1973 

Advanced Radar Topographic Application 

Raytheon Co., Equipment Division, Autometric Operation, Arlington, Virginia, (FR-72-1478) for: 
U.S. Army Engineer Topographic Laboratories, Ft. Belvoir, Virginia, (ETL-CR-73-2), February, v, 

52 pp. + app. (Contract No. DACA-76-72-C-0003) (NTIS AD-908-394). 

Authors' Summary: The technical objective of this study was to determine the capability 
of a ReconnaissanceRadar System and Topo lI RadarSystem for applicationto point 
positioning,map revision, andgap filling. 

The investigationwas essentiallya test to determine bow accuratelytarget images, 
appearingon a reconnaissanceradarrecord,can be transferredto a database. No a 
prioriknowledge of eitherthe radarequipment ortbefligbtparameterswas assumed. 
The work included astudy to determine the behavior oferrorpropagationacross the 
radarformat based on a preassumedradar transformation, errorsin radarimagery 
measurements,anderrorsin controlpoint coordinates. Photo,radar, and map data 
baseswere employed in the investigation. 
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A small partof the study was the examining of radarrecordsforground detailnormally 
shown on maps. A 21-parametertransformationprogram,fully docurd'ented, is a deliverable 
item. 

It was concluded that the Reconnaissanceradargeometry is sufficiently stable and has adequate 
resolutionfor 1.50,000 scale map revision, both forpositioningandmap detail. A photo base 
providesthe bestgrapbicfor transferringpoints from radar records The "calibration"ofa radar 
record,by determiningtransformation parameters overa control area, appearsfeasible. 

It was recommendedthat actualtests be conducted to determine the map content and 
accuracy ofplacement thatcan be realized, using the Reconnaissanceor Topo If radar 
imagery,for map revision and gap filling. 

Authors' Conclusions: 

1. 	 Most of the total error in transforming points comes from misidentification of conjugate points; 

2. 	 Photo base is superior to map base for use iith SLAR; 

3. 	 Only a limited number of pbints are needed (about 6); 

4. 	 Local transformations are preferred to extended area transformations; 

5. 	 B&L Zoom Transfer Scope is only of limited usefulness; 

6. 	 Geometrical accuracy and ground resolution of reconnaissance radar are adequate for use at scales 
of 1:50,000 or smaller; 

7. 	 Stated ground resolution of reconnaissance radar is misleading for the type of detail of interest 
to mapping or for ground control points; 

8. 	 The "calibration" of a radar record by determining transformation parameters over a control area 
appears feasible. 

Theterm "calibration" as used in this report refers to the use of the same parameters for an entire 
mission, with the minimum of additional ground control. Two appendices (Radar-Ground Transformation 
and Operation Manual for Radar-Ground Transformation Program) are included. Several comments with 
respect to the identification of cultural and terrain features on the radar imagery are given. The radar 
systems used in this project were the Reconnaissance Radar System and a slightly modified AN/APQ-102 
(XA-2) radar system designated as the AN/APQ-152. 

REEVES, R. G. and A. N. KOVER, 1966 

Radar From Orbit for Geologic Studies 

Presented at the 32nd Annual Meeting of the American Society of Photogrammetry, Washington, D.C., 
6-11 March. 

Photogrammetric Engineering, Vol. 32, No. 5, September, pp. 8 8 9 (abstract only). 

Authors' Abstract: Radarsystems for orbitalmissions, earth and lunar,are beingdeveloped. 
The system for the initialearth-and-lunar missions consists ofa two-frequency (0.4 and 8 giga­
cycle) altimeter-catterometerand 8gcpolypolarizationimager. A more advanced multifre­
quency (0 5,2, and 8gc) polypolarizationimager, with colordisplay and other image enhance­

ment techniques, is proposed. 
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To establishthe feasibility of radaras a toolfor geologicstudies,and to develop techniques 
for its use, radarscatterometerdataand imageryhave been obtainedfrom aircraftflights. 
Preliminaryresultssuggest thatradardataare usefulforstructuralgeological analysis, for 
distinguishing among gross litbologicunits,andfor distinguishing between variousrock sur­
faces such as those ofaa andpaboeboe lavaflows. Faults,poorly recognizable on conven­
tionalaerialpbotograpbs,are often seenclearly on radarimages. As the amount of soil 
moisturegreatlyinfluences signal return, radar should be a useful toolforhydrologic 
studies. Geomorpbtcfeaturesareaccentuatedby low angle illuminationin side-looking 
radar. (Copyrighted by the American Society of Pbotogrammetry.) 

REEVES, R. G., 1968a 

Use of Radar Imagery for Structural Geologic Studies 

Presented at the Annual Meeting, Northeastern Section, Geological Society of America, 
Washington, 15-17 February. 

Geological Society of America, Special Paper 121, Abstracts for 1968, Boulder, p. 369 (abstract 
only). 

Author's Abstract: Certainstructuralgeologicfeaturesmay be more readily recognized on 
side-looking (airborne)radar(SLAR) imagery than on conventionalaerialphotograpbyor 
otherremote sensorimagery,or by groundobservations. SLAR systems look obliquely 
to one or both sides. The image resembles oblique aerialpbotograpbytaken at law sun 
angle, with the sun directlybehindthe camera,but differsfrom it in geometry, resolution, 
and information content. Radaroperatesatmuch lowerfrequencies than the human eye. 
camera, orinfraredsensors, and thus "sees" differently. The lowerfrequency enqbles 
it to penetratemost clouds and someprecipitation,and limitedsurficialcover. Radar 
providesits own illuminationubicb can be closely controlledin intensity andfrequency. 
It is narrowband, or essentially monochromatic, 

Low reliefandsubduedfeaturesare accentuated when viewed from theproperdirection. 
Two different runs over the same areain the vicinity ofMeteorCrater,Arizona, at 
90 degreesfrom each other,show that images taken in one directionenipbasiefeatures 
that are not emphasizedon those taken in the otherdirection;optimum direction is 
determinedby the features desired to be emphasizedfor thepurpose of the study. 

Folded sedimentaryrocks cut by faults can be clearlyseen on radarimagery of northern 
Alabama and central Pennsylvania, Lineaments interpretedasfaults stand out on radar 
imagery of centralandwestern Nevada. Tn these areas,certain structuralandstratigrapbic 
featuresare more pronouncedon theradarimagery than on conventional photography,and 
the radarimagery materiallyaids structural interpretation. (Copyrigbtedby GSA.) 

REEVES, R. G., 1968b 

Structural Geologic Interpretation from Radar Imagery 

U.S. Geological Survey Open File Report - NASA-102, Washington, D.C., 14 pp. + figs. (NTIS 
No. N69 13927). 

Author's Abstract: Certainstructuralgeologicfeaturesmay be more readily recognized on 
side-lookingairborne radar (SLAR) imagery than on conventionalaerialphotography or 
otherremote sensor imagery or by groundobservations. SLAR systems look obliquely to 
one or both sides. SLAR imagesresemble aerialphotograpbstaken atlow sun angle, with 
the sun directly behind the camera, butdiffer from them in geometry, resolution, and 
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informationcontent. Radar operatesat much lowerfrequencies than the uman eye and 
camera orinfraredsensors, and thus "sees" differently. The lower frequency enables itto 
penetratemost clouds and someprecipitation,baze and dust, and some vegetation. Radar 
provides its own illuminationwhicb can be closely controlled in intensity andfrequency. It 
is narrowband,or essentiallymonochromatic. 

Low reliefand subdued featuresare accentuatedwhen viewed from the properdirection. 
Runs over the same area, at significantlydifferent directions (more than 45 degrees)from 
each otber,show that imagestaken in one direction may emphasize featuresthatare not 
empbasized on those taken in the otberdirection;optimum direction is determinedby the 
features desiredto be empbasizedfor the purpose of the study. 

Lineaments interpretedasfaultsstand out on radarimagery ofcentraland western Nevada. 
Foldedsedimentary rocks cut by faults can be clearly seen on radarimageryof northern 
Alabama. In theseareas, certainstructuralandstratigrapbicfeatures are morepronounced 
on the radarimagery than on conventonalpbotograpby,and the radarimagery materially 
aids structuralinterpretation. 

Several radar images together with geologic interpretation illustrate this paper. Major interpretations appear 
for linear features (e.g., faults, axis of folds), and some consideration is given to the identification of 
alluvial fans and fine-grained valley fill materials. 

Radar wavelength is not identified. Both like- and cross-polarized images are included in the 
illustrations. 

REEVES, R. G., 1968c 

Radar Geology 

McGraw-Hill Yearbook of Science and Technology, McGraw-Hill, Inc., N.Y., pp. 322-328. 

No Author's Abstract. 

This general, but comprehensive, article describes the operation and usefulness of radar systems. Both 
PPI and SLAR systems are discussed. Several images, with annotations, are included in this paper. 
Recommended for introductory readings. 

REEVES, R. G., 1969 

Structural Geologic Interpretations from Radar Imagery 

Geological Society of America Bulletin, Vol. 80, No. 11, November, pp. 2159-2164 (see also: 

Reeves, R. G., 1968b). 

No Author's Abstract. 

A good general discussion of radar and target parameters and their influence on the resulting image. 
Several plates are included but suffer excessive layover and distortion (approximately 10 percent loss) 

because aircraft flight lines were non-linear. "Chief value of radar imagery ...is that it calls attention 
to anomalous features which merit further investigations and identification," according to the authors. 
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REEVES, R. G., 1972 

Geologic Analysis of Remote Sensor Data, Bonanza Project 

57th Annual Meeting, American Association of Petroleum Geologists, Denver, 17-19 April. 

American Association of Petroleum Geologists, Vol. 56, No. 3, March, p. 647 (abstract only) 

Author's Abstract: The NASA-supported Bonanza Projectof the ColoradoSchool ofMines 
and MartinMariettaCorporationhas as itsprincipalobjectives (1) education in the geologic 
applicationsof remotesensing, (2) development of techniquesfor the geologic interpretation 
of remotesensordata, and (3) specificationof the most useful parts of the electromagnetic 
spectrumfor geologicremote sensing. The ultimategoal is to providea test site over which. 
to calibratespaceborneremotesensorsandfrom which to extrapolateinterpretationsof 
remote sensordata into surroundingareas. Research to accomplishthese objectives is carried 
out in the field in the Bonanza test site (an area ofapproximately 10,000 sq mi in westcentral 
Colorado) and in laboratoriesat CSM andMMC. Airborne remotesensor data,includingaerial 
photography,infraredimagery and radiometricdata,microwave radiometricdata,and radar, 
imagety and scatterometric data are acquired(by NASA) and interpreted. Detailedground 
measurementsare made during overflights,and extensive groundinvestigationsto assist in 
the interpretationof the airbornedata have been carriedout, Measurements include surface 
and subsurface temperatures,soil moisture, atmospheric characteristics,and incomingsolar 
radiation. Ground investigationsinclude detailedgeologicmapping, studies ofpbysical 
propertiesof rocks and soils, spectralreflectancesofntturalmaterials,and relation of vege­
tation of geology. To date, the researchhas added to structural and stratigrapbicknowledge 
of the Sangre de-Cristoand Sawatch Ranges and San Luis and upperArkansasvalleys, and 
to knowledge of structure,rocks, andgeologic history of the Bonanza volcanicfield. 
(Abstractcopyrightedby AAPG.) 

RIB, H. T., 1967 

An Optimum Multisensor Approach for Detailed Engineering Soils Mapping 

Ph. D., Dissertation, Department of Civil Engineering, Purdue University, West Lafayette, 449 pp. 

Author's Abstract:' This researchstudy investigatedthe potentialofavailabletypes of
 
remote sensing systems for the evaluationof soils and soil conditions for the purpose
 
of developingan optimum multisensorapproachfor detailedengineering soils mapping.
 
Other objectives of the study-were: (1) to investigate the value of quantitativemeasure­
ments on aerialphotographyand imageryfor assistance in interpretation; and (2) to
 
perform a limited study to determinewhich parameters would be ofvalue to measure
 
at the time of flights.
 

Three test sites were selected which containeda variety of landforms and soilunits.
 
A total of nineflight programswere obtained over the test mtes during the periodfrom
 
May 1965 to June 1966. Coverage was obtainedwith various types of aerialfilms (color,
 
color-nfrared,colornegative, black-and-wbite panchromaticand black-and-wbite
 
infrared),a multiband camera,a radarsensor(K-band), infraredsensors(farinfrared),
 
and amultichannel sensor (ultraviolet throughfar infrared). All of these typeswere not
 
obtained in any one flight program,but generallyseveralcombinationswere obtained
 
at one time. Daytime and nighttimeimagery were also obtainedduring one flight.
 

The field investigationsincludedfield radiometerreadings(taken duringlast two flight
 
programs),soil moisturecontent measurements,and resstivity surveys. Groundphotographs
 
were taken during acrial fligbts to record the conditions exmting atfligbt time. Meteorologi­
cal datawere also collected duringflights. The resistivity surveys were performed to add to
 
the existing information known aboutthe test areas. The remainderof the datawere used
 
to help evaluatethe influence ofvariousparametersonthe datacollected.
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Quantitativeaspects of the project includedperforming continuous scanswitb reflection and 
transmissiondensitometers, to determine if typical density patternsexisedfor variousland 
forms. Attempts were also made to prepare isotonal maps. Densitometers were used to pre­
pare normalizedresponse curvesfrom multichanneldata. A system was alsodeveloped wbicb 
determines the Munsell color notationon aerialphotograpbsbased on densitometerreadings 
with fourfilters. Based on this colormeasuringsystem, a method was developed to prepare 
isochromalmaps (maps sbowing areasof uniform colors). 

Major conclusionsobtainedin this study include- (1) the optimum multisensorsystem for 
detailed engineeringsoils mapping is a multichannelsensor (minimum of seven bandsin ultra­
violet throughfar infrared)obtainedsimultaneouslywith, medium scale coloraerialpbotography; 
(2) alternatesystems dependingon availabilityof equipmentand security restrictionsarecolor 
and color-infraredpbotographyand infraredimagery obtainedsimultaneously,or colorand 
color-infraredphotographyobtainedsimultaneously;(3) spectralresponse curves obtainedby 
normalizingmultichannel data has greatpoten tialfordifferentiatingbetween various soilsand 
soil conditionsautomatically;(4) typical patternsforvariouslandforms are not obtainedby 
densitometic scans. Influence ofvariousparameters results in more variationswithin land 
forms than between them; (5) the technique of determiningMunsell notations by means of 
densitometerreadingsis a simple, rapidmethod wbose accuracy(forthe intended phrpose) 
is commensurate with othercolormeasuringsystems; and (6) field measurementsfound to be 
ofgreatestvalue in evaluatingthepbotograpbyand imagery include field radiometerreadings, 
ground pbotographs taken at the time of flight, and meteorologicaldata. (Abstract from. 
DissertationAbstracts,Section B: Science and Engineering,Vol. 28, No. 2, August, ­

pp. 670B-671B.) 

RICHMOND, G. M., 1971 

Geologic Evaluation of Anomalies Between Like-Polarized and Cross-Polarized K-Band Side-Looking 
Radar Imagery of Yellowstone National Park 

U.S. Geological Survey Interagency Report - NASA-165, Washington, 35 pp. (NTIS No. N71 33374). 

No Author's Abstract. 

Using Westinghouse radar data from 1965, the author attempts to identify the usefulness of like- and 
cross-polarized returns for geologic interpretation. The study initially divides the park into 14 areas of 
'general geologic and geographic uniformity.' The general types of vegetation (the imaged area is com­
pletely forested) are then related to the 14 divisions previously made. 

Some of the generalizations about the imagery include: 

(1) 	 recognition of radar shadow areas on the 'lee' side of mountains 

(2) 	 the possibility of over-return from slopes roughly normal to the radar beam 
(3) 	 increase of geologic information from the image interpretation when the intermediate 

return of the radar is recorded 

(4) 	 optimum conditions for geologic interpretation in areas of moderate slopes - although the 
actual relief may be great, the abrupt changes in slope are absent 

The differences between HH and HV polarization were most abundant in areas of cliffed mountainous 
regions, especially along the margins of the 'whiteout' regions. These differences include (interms of 
surface geology): 

(1) 	 angular-to subrounded, blocky to slabby talus rubble 

(2) 	 combinations of cliffs and talus rubble 
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(3) wet meadows underlain by silt, cobble-gravel and sand, diatomaceous deposits, and those 
in association with hot-springs 

(4) gravel beach bars along lakes and waves on large lakes 

(5) thin stony glacial debris overlying rolling bedrock uplands 

For most of these features, there was no anomaly seen between HH and HV imagery. It is therefore 
suggested that some other factor (slope, look-direction, rather than variety of rock type or rock material) 
may be the cause-of these observed anomalies. Also, vegetation may be the cause of these observations. 
However, the use of various electronic interpretation aids is precluded because the surface situation is so 
complex (i.e., so many variables), and there is a "virtual lack of fundamental controlled experimental data. 
Such data are needed to guide in the evaluation of these many variables, some one or combination of which 
may be the explanation of any given anomaly." 

The paper has 15 radar images with extensive annotations for each. 

ROBERTS, R. J., 1966 

Geological Evaluation of Radar Imagery, North-Central Nevada 

U.S. Geological Survey Technical Letter -NASA49, Washington, August, 15 pp. (NTIS 
No. N70 38894). 

Abstract: Faults,unrecognizedduringearliergeologicmapping,were discovered nearthe 
CarlinMine, Eureka County,Nevada, as a result of radarimage analysis. Because the major 
faults show clearly,and many minorfaults can be recognized,radarimagery is consideredto 
be very useful in structuralanalysisin this area. 

Radaris also helpful in distinguishing major rock units by tonal contrasts,but itssmall scale 
offers little help to the geologistin differentiatingsmallgeologic units. (From-
Carter,W. D., 1969.) 

ROUSE, J. W., Jr., H. C. MacDONALD, and W. P. WAITE, 1969 

Geoscience Applications of Radar Sensors 

IEEE Transactions, Geoscience Electronics, Vol. GE-7, No. 1, January, pp. 1-19. 

Authors' Abstract: Studies sponsored by NASA at the CenterforResearch, Inc., 
University of Kansas, in cooperationwith severalother universitiesand government 
researchagencies have substantiatedthe applicabilityof remote sensing to manyfields 
within the earthsciences,agriculture,and oceanography[11. The purposeofthis 
paperis to show how thepropertiisof radarare used to providegeoscience information. 
(Abstract copyrighted by IEEE.) 

The paper is divided into two major parts: 

Radar Return - A review of radar return parameters, especially as applied to scattrometer data for sea 
state, terrain type, and ice type 
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Imagery Interpretation ­

(1) 	 Interpretation of radar imagery in hydrologic studies - with special emphasis on drainage 
basins and terrain slope analysis. 

(2) 	 Interpretation of radar imagery in agriculture and natural vegetation studies. 

(3) 	 Interpretation of radar imagery in geologic studies - with examples from Pisgah Crater, 
California; Boston Mts., Arkansas; and applications for Pliestocene geomorphology. 

This paper is one of the better papers available for a brief overview of some of the applications of radar 
in several major areas of geography and geology. It contains an excellent bibliography of 25 items 
together with 12 large radar images of the areas discussed. Highly recommended. 

ROWAN, L. C., and P.J. CANNON, 1970 

Remote-Sensing Investigations Near Mill Creek, Oklahoma 

Oklahoma Geology Notes, Vol. 30, No. 6, December, pp. 127-135. 

Authors' Summary: Remote-sensinginvestigationsby the U.S. GeologicalSurvey at 
Mill Creek, Oklahoma, have demonstratedthe usefulness in the test site ofside4ooking 
radarimagesfordelineatingfracturesandfaults and of infrared(9-14 Wun)imagesfor 
discriminatinglimestone, ddlomite, aad grinite. The thermal contrastof the limestone 
and dolomite in the predawnimage can be explained in terms of the thermal and 
reflectivity propertiesof the two rock types. 

"Radar images have been especially useful for delineating regional andlocal structural features, particularly 
faults and fractures" (p. 128). "The enhancement of stabde topography and vegetation on the radar image 
... reveals many small tectonic anomalies or lineaments that transect the test site" (p. 130), 

RUMSEY, I. A. P., 1972 

Application of Thermal Infrared, Colour Infrared and Side Looking Radar to Mineral Exploraton 

Canadian Mining journal, Vol. 93, No. 8, April, pp. 56-60. 

No Author's Abstract 

The fact that remote sensing has often been oversold and/or conducted by inexperienced operators and 
interpreters has led to a certain amount of justified criticism by persons seeking to use remote sensingdata. 
The author emphasizes that reasonable, rational and valid planning, coupled with experienced interpreta­
tion will lead to better utility of remote sensing data. 

Some examples of remote sensing in mineral exploration are in determining positive thermal anomalies 
over salt domes, over ore bodies, and along fault Lines. With SLAR, "... topography causes the strongest 
return (but)is leastimportant from an interpretative point of view..." One might question this comment, 
even within the context of the title, for.even minor topographic expression often leads to major insights 
concerning the underlying geology. SLAR is stated to be useful in (a) mapping gross lithologic differences, 
(b) mappingliults,(c) mapping discrete rock bodies, and (d) for "stripping off" the vegetation. Finally, 
using false color IR film to denote-trace elements in trees (due to changes in tree reflectance) can lead to 
discovery of underlying mineral bodies. 
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The author comments that any company specializing in remote sensing data or interpretation should be 
careful not to be "financially associated with the manufacturers of remote sensing equipment," thus 
allowing greater latitude in selection of instrumentation for any particular job. He also re-emphasizes 
the need for combining good imagery with good interpretation. Both are needed for success in remote 
sensing. 

RUMSEY, I. A. P., and R. H. GELNETT, 1976 

Airborne Radar Finds Deep Fracture Controlled Pools 

World Oil, January. 

No Authors' Abstract. 

This article explains the basic principles of SLAR and presents several examples of applications around 
known producing areas in the Rocky Mountains of the United States. A radar mosaic, obtained by the 
Motorola real aperture systems and covering a 100 x 150 mile area centered on the Four Corners area 
of Utah, Colorado, New Mexico and Arizona ispresented and discussed. The discussion centers:on the 
analysis of fracture and fracture traces as seen on the SLAR image. A bibliography of 22 articles, 
dealing primarily with fractures, is included. 

RYDSTROM, H. 0., 1966 

Interpreting Local Geology from-Radar Imagery 

Proceedings, Fourth Symposium on Remote Sensing of the Environment, Report No. 4864-1 1-X, 
Willow Run Laboratories of the Institute of Science and Technology, The University of Michigan, 
Ann Arbor, pp. 193-201. 

Geological Society of.America, Bulletin, Vol. 78, No. 3, March, 1967, pp. 429-436 (NTIS 
No. AD 638 919). 

Author's Abstract: The intensity of radarreturn energy, as modified by the factors ofradar 
illumination,surface roughness,and the geometry ofobjects, is discussedas applicable to local 
geologic interpretation. The principlesinvolved are describedand applied to analyses oflocal 
geology in the southwestern United States. Consideration is given to the use of returnintensity 
in conjunction witb geomorpbicfeatures to obtain a maximum of inforrmation. Localgeologic 
interpretationsof radarimagery are applicableto military terrainintelligence, naturalresources 
exploration,and planetaryexploration. 

This paper is essentially a state-of-the-art report in which radar is discovered to be more discerning of 
surface texture and geometric structure than of surface material. Low level, very low angle flights located 
some fine deviations in contour and slope beyond the capacity of detailed field maps. The accompanying 
diagrams are excellent. 
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RYDSTROM, H. 0., 1970 

Geologic Exploration with High Resolution Radar 

GIB-9193A, Goodyear Aerospace Corporation, Arizona Division, Litchfield Park, July, vi + 48 pp. 

Author's Abstract: A number of natural features are annotated on high-resolution,side­

looking radar imagery and briefly analyzed. Anotbergroup of images is analyzed in greater 
detail and the results applied to specificgeologic problems in such fields as petroleum, 
ground water, and metallic minerals. The introduction briefly discusses and illustrates 
some ofthe radar imaging principles applicable to the eartb sciences. 

The introduction portion of this book is similar to the author's earlier publications. The major feature of 

this booklet is the extensive use of imagery and the explanations and annotations included on 19 images. 

SABINS, F. R., Jr., 1973 

Geologic Interpretation of Radar and Space Imagery of California 

Presented at the 54th AAPG - 47th SEPM National Meetings, Anaheim, California, 14-16 May. 

American Association of Petroleum Geologists, Bulletin, Vol. 57, No. 4, April, p. 802 (abstract only). 

Author's Abstract: Side-looking airborne radar (SLAR) imagery in California is interpreted 
in terms ofgeologic structure and rock type. Fieldchecks and comparisonwith published 
geologic maps indicatesome revisionsof existingmaps. In particular,linears on the radar 
imagery point to previously unmappedfaults. In outcrops wbere surface texture is related 
to bedrock litbology, the radar signature may indicate rock type. 

The unmannedEarth Resources Technology Satellite (ERTS) telemeters multispectral­
scanner imagery that is reconstituted into reflected-infrared-color imagery. With respect 
to radar imagery, the ERTS imagery bas poorerspatialresolution and smallerscale; never­
tbeless, useful regional patterns may be interpreted. Repetition ofERTS imagery on an 
18-day cycle should enable us to determine the season for obtainingmaximum geologic 
information. (Copyrightby AAPG.) 

SCHABER, G. G., 1966 

Radar Imagery-Meteor Crater, Arizona 

U.S. Geological Survey Technical Letter - NASA-62, Washington, November, 18 pp. 

Abstract: Side-looking radar systems enhance both large and small topographic features in 
a manner far superior to conventional aerial pbotograpby. Lineargeologic features such as 
fractures and faults are especially well recorded on radar imagery. Moisture retention of 
various ground surface materials is well displayed and is of significant value in geologic and 
geomorpbic interpretation. 

Compositional and textural variations, on the otber band, are poorly differentiated in the 
images of tbis area. Stratigrapbc units witbin the crater walls could not be distinguished. 
(From- Carter, W. D., 1969.) 
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SCHABER, G. G., 1968 

Radar and Infrared in Geological Studies of Northern Arizona 

Earth Resources Aircraft Program Status Review, Vol. 1, Geology, Geography and Sensor Studies, 
NASA, MSC, Houston, September, pp. 13-1 to 13-29 (NTIS No. N71 16126). 

Author's Conclusions and Suggestions: Both the IR and radardataof the northern Arizona 
sites werefound to contributeat least something of uniquegeologic value. The radarimagery 
contributedmainlybecause of itssynoptic scale, moisture delineation,and topographicenhance­
ment capabilities.All of these furnish datauseful in interpretationof tectonics,surface moisture, 
and overlappingsequences of lavaflows Evaluation of tbe lR scannerdata in this study provides 
several new suggested usesfor the system. (1) location ofprebistoricalIndian agricultural sites, and 
(2) means ofdiscriminatingbetween recent (unweathered)volcanicash and lighter,older 
(weathered)ash-falldepositsas afunction ofradianttemperatureand possible moisture 
content. 

Both the radarand IR scanner imageryprovided ratherdisappointingdistinction between 
rock types in the study area. Partof thisproblem,hbowever, lies in the fact that the relation­
ships between surface-conditions and-atmosphericattenuationwith signalresponse are still 
not well definedor understoodfor radarIR scanners, aswell as the-othersensors currently 
being investigated. Basic spectralresearcb in the laboratory and undersimple field conditions 
is the most urgent direction to proceedat thepresent time. 

Althoztgh the gathering,interpreting,andfield checking of imagesfrom these devices is of 
greatimportance and should be continued, the users are becoming more and more aware of 
the complexitieswbcb arisefrom diverse surface textures, moisture content, andchanging 
atmosphericconditions. As long assuch parametersas theseare misunderstood,scientifically 
useful evaluations of image datawill be almost impossible. 

It has become obvious that the laboratoryspectralresearchand imageevaluationprograms 
must become more balanced and that the resultsfrom each study moreeasily disseminated to 
the users. Hopefully then, in the next few years, these programswill enjoy afruitful union 
that will be to the advantageof the earth resources remote-sensing technology 

Using K-band multi-polarized radar, images were taken of the following sites: San Francisco Volcanic Field, 
Meteor Crater, Hopi Buttes and the Grand Canyon. Well reproduced imagery complete with annotations 
keyed to the discussion is included. The author suggests a triangular array of flight lines over anarea; look 
direction toward the center of the triangle, offers enhancement of linears and topographic scarps in all 
azimuth directions, as well as [furnishing) maximum and more uniform signal-strength returns from areas 
of interest. 

In the Meteor Crater site, the cross-polarized return was better than the like-polarized image for delinea­
tion of moisture concentration areas and rock types. Many washes whose topographic relief measured 
in inches, were clearly evidenced on the radar images because of their moisture retention qualities. How­
ever, "ground detil, emphasized by moisture content, was found to decrease appreciably with lateral 
distance from the aircraft..." 

"The negative features of the radar data are the usual poor resolution of stratigraphic units and the innate 
image and scale distortion which preclude the use of standard photogrammetric techniques." 

On the imagery of the Grand Canyon the author was able to accurately define nearly all lineaments as 
plotted on the latest U.S. Geological Survey map of tie area. 

In the Hopi Buttes study area, moisture retention qualities identified by radar aided in the delineation 
of many complex Quarternary soil units. 
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SCHABER, G. G. and W. E. BROWN, Jr., 1972 

Long-Wavelength Radar Images of Northern Arizona - A Geologic Evaluation 

U.S. Geological Survey Professional Paper No. 800-B, Washington, pp. B175-Bi81. 

Authors' Abstract: Radarimages at 2 5-cm wavelength ( j were obtainedin 1969 in an area 
near Flagstaff, in northern Arizona,as part ofa feasibility programto evaluatethe geologic 
potentialof long-wavelength radarsystems for terrestrial applications, as well as forlunar 
and planetary orbital research. The instrument,operatingin a side-lookingmode (0 degrees ­
45 degreeslook angle),provided image datawbicb sharplydelineatedregions of fine-grained 
alluvium as areas ofvery low radarbackscatter. The 25-cn data enhancesuch alluvial 
materialsfarmore than both 0.86-cm-X dataand low-altitude aerial photographyof the site. 
Similarradarsensors with varying wavelengths in the decimeter range may enable discrimina­
tion of unconsolidatedmaterialsof a significantlygreaterrangein grainsize. 

Resolution for this 25 cm radar was 60 to 100 m in range (at a 45 degree look angle) and 20 m in azimuth. 
Topographically expressed features are only moderately to poorly distinct. Orientation of the features 
relative to the flight path of the aircraft plays a very important role in the utility of the images for identi­
fication of features. Generally, shadowing effects from this radar are less than from the K-band (approxi­
mately 1 cm) radar. The finer and deeper (at least 4 to 5 inch) alluvial deposits yielded a darker (i.e., 

lower backscatter) image. For a larger range of sediment particle sizes, change in backscatter with varia­
tions in wavelengths decreased. Therefore, it is argued, use of multifrequency and simultaneous radar 
allows a probability frequency distribution of the surface sediment particles to be made if the material 
is unconsolidated. For determining the texture of surface materials, 25-cm radar is very good but is 
virtually useless for structural and morphological studies. 

SCHABER, G. G., L. BERLIN, and W. E. BROWN, Jr., 1976 

Variations in Surface Roughness Within Death Valley, California: Geologic Evaluation of 25-cm 
Wavelength Radar Images 

Interagency Report: Astrogeology 65, U.S. Geological Survey, Flagstaff, Arizona, February, 
35 pp. 

Also, Geological Society of America Bulletin, Vol. 87, No. 1, January, pp. 29-41. 

Ahthors' Abstract: Side-looking long-wavelength (25 cm) radarimagesof the salt flats and 
gravelfans on the floor ofDeath Valley, California,show distinctive varitions in radarback­
scatter(imagegray tones) that can be correlatedwith systematic changes in surface rough­
ness of differinggeologc units. Well-developed desert pavements on the oldest of the late 
Pleistocenebouldergravelsare clearlydelineatedasweak backscattererson the images. A 
size gradingof gravelsnearthe base of the giantgravelfans was found to be associatedwith 
a sharp transitionfrom strongly diffuse to weakly diffuse backscatterobserved on the 
images. The transitiontakesplace atgravel radiibetween 0.08 X and 0.14 X (2.0cm and 
3.5 cm) in agreement with a scatteringmodel presentedin the paper. The model predicts 
a breakpoint in the Rayleigh scatteringregion of the totalradarcross-section that is 
virtually independent of depressionangle as long as the surface resolution element does 
not fall in the firstpulse width of the echo (the 90 degree depression angle). Antenna 
depression angles of 45 degrees to 90 degrees appearto be well suited for investigations 
ofsurface roughnesswith the longerwavelength radarsystems becauseof the suppression 

of radarshadows and the increasedradar return from the nearfield. 
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SCHEPS, B. B., 1962 

The History of Radar Geology 

Proceedings, First Symposium on Remote Sensing of the Environment, Report No. 4864-1-X, 
Willow Run Laboratories of the Institute of Science and Technology, The University of 
Michigan, Ann Arbor, March, pp. 79-81 (NTIS No. AD 274 155). 

No Author's Abstract. 

A colloquially written article describing the method through which radar has been introduced as an 
additional tool for geologists. Original work was done in Greenland and Antarctica, and almost by accident, 

mapping techniques were worked out using data from photographs of WW Il-vintage radar PPI scopes. 
Various individuals were introduced to the possibilities of collecting geological data, and eventually 
the USGS became involved. The author believes that most geological information will come from the 
results of differential weathering rather than variations in chemical constituents in the rocks. 

SCHWARZ, D. E., and R. D. MOWER, 1969 

The Potential for Deriving Landform Regions from Radar Imagery: A Puerto Rican Example 

The Utility of Radar and Other Remote Sensors in Thematic Land Use Mapping from Spacecraft: 
Annual Report, U.S. Geological Survey, Interagency Report - NASA-140, Edited by D. S. Simonett, 

2 2 2 7 January, vi + 113 pp., pp. - . (NTIS No. N69 16255.) 

From Authors' Introduction: This report is an evaluationof classifiedradarimagery 
obtained during a February,1964,flight over the island of?uerto Rico. Though allusions 
will be made to such thematicpotentialsas agricultural land use mappingor detailed 
landformstudy, the majorpurpose is to compare a landform regionalization scheme 
derivedfrom the radarimagery with the systematic descriptive classificationsof Puerto 
Rican landforms(aspreviously developed). 

To date, much analysis of remotely sensed imagery, regardlessof the particularsystem, 
has been directed at studying single, particularpbenomenasuch as naturalvegetation, 
agriculture,geology, transportation,orthe like. Those characteristicsof remotely sensed 
datawhich are normally deemed leastdesirableforjust such studies - thegenerallysmall 
scale and relatively poor resolution- become to adegree desirable formore broadscale 
analysis. Geographers especially shouldbe cognizant of such potential. 

The authors were able to make some vahd comparisons of landform regions observed on imagery of limited 
coverage and marginal quality with a landform classification scheme designed especially for Puerto Rico. 

The landform classification was essentially by a single element of topography, that of slope. Three major 
classes are delimited: (1) lowlands - in which both the "earliest" and the radar classifications have a 
high correspondence, (2) hill-lands - for which correspondence is good, but most difficult to reconcile 

in the two schemes and (c) mountain lands - of which the last two of the three divisions could not be 
delimited on radar imagery. The authors conclude that for this type of study, i.e., the regionalization of 
relief by slope, radar is probably the single best sensor; however, they hasten to point out that no one 
sensor is totally adequate for such work. 
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SCHWARZ, D. E. and A. J. LEWIS, 1971 

Landform Regionalizaion Using Radar Imagery 

Proceedings, 67th Annual Meeting, Association of American Geographers, Boston, April, Vol. 3, 
pp. 194-195 (abstract only). 

Authors'Abstract: Radarimagery ispeculiarlywell adapted to the study and regionalization 
of landforms. Its response is primarilyto the gross geometry of the earth'ssurface, and it can 
be obtainedwithout solarillumination and through cloud cover Comparison of landform 
regions drawn from shortwavelength radarimagery ofportionsofPanamaand PuertoRico indi­
cate that radar-derivedregionsare equally as valid as those drawn using traditionaltechniques. 
In some cases boundariesare even more accuratelydrawn due to freedom from unit-areaaverag­
ing ofsuch characteristicsas slope, which is necessary when doingtraditionalregionalization 
from topographicsheets. The ease of radaracquisition,its broadcoverageand ready interpreta­
tion make its use forlandform regionalization especiallyattractivein unmappedareas to 
expedite planning allocationssuch as those based on the delimitationof land-suitability 
classes. (Copyrightedby AAG.) 

SHEPARD, J. R., 1966 

Radar Geology Test Area, Willcox Playa, Arizona 

U.S. Army Corps of Enkineers, Ft. Belvoir, Virginia, January, 6 pp. 

No Author's Abstract. 

This report is basically a letter describing the radar test range located approximately 75 miles east of 
Tucson, Arizona. Several reflectors, both above and below ground, and various areas of different rock 
types (crushed rocks sorted to'different sizes) are available for radar test flights. A diagram of the test 
area and maps showing its location are included. Invesiigators are invited to avail themselves of the 
facility by contacting the U.S. Army Electronics Proving Ground, Ft. Huachuca, Arizona. 

SHERIDAN, M. F., 1966 

Preliminary Studies of Soil Patterns Observed in Radar Images, Bishop Area, California 

U.S. Geological Survey Technical Letter - NASA-63, Washington, November, 8 pp. (NTIS 
No. N70 38885). 

Author's Abstract: Contrastingsoilpatternsreflectinglight anddark tones noted by BATEMAN 
(U.S.G.S. Tech. LetterNASA-2 7; 1966) on radarimagery of the Bishop areawere studiedin 
the field to determine if soil moisture orgrainsize of the materialswas the cause of such response. 
Preliminaryqualitativeinvestigationsindicate that at nine locations examined, no samples 
containedsoil moisture andthem was a good correlation (between) grain size andradarresponse. 
Light patternson radarimagery correspondedto areaswhere soils were composed ofgravel­
sized andlargermaterials,dark areas, on the otherband,were fine-grained materialscomposed 
largelyof silt and clay particles. 
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SHUCHMAN, R. A., C. F. DAVIS, and P. L. JACKSON, 1975 

Contour Strip-Mime Detection and Identification with Imaging Radar 

Bulletin of the Association of Engineering Geologists, Vol. 12, No. 2, pp. 99-118. 

Record, IEEE, 1975 International Radar Conference, April 21-23, 1975, Arlington, Virginia, 
pp. 516-521. 

Authors' Summary: Usingfourchannel imaging radar,the recognition ofthree basic types 
of contourstnp mining hasbeen shown. Active. reclaimed, and unreclasmed "orphan"mines 
were detected and identified. Higbwalls, benches,relative bench vegetation and texture, 
outslope, spoils,sediment ponds,and mining machinery were recognized on the imagery. 
In some casesallfourradarchannelsareneededfor recognitionof thesefeatures. 

Radaris especially sensitive to surface roughness,subtle heightvariations,and orientation 
ofsurfaces. In addition, its all-weathercapability and its resolution(essentially independent 
ofdistance), both ofwhich are unique in imagingdevices, make imaging radarparticularly 
usefulforstrip mine monitoring. 

Small contour mines and unreclaimed "orphan" areaswere resolved by radarunder cloudy 
conditions. Otherremote sensorsarehampered by often persistentcloud cover, and other 
types of satelliteimagingsystems do not resolve tbese:smdll mines. 

Imagingradaris most useful for thefollowing. 

1) Mappingunreclaimed "orphan"areas. 

2) Monitoringwildcat (illegal) mining operations. 

3) Higbwalldetection. 

4) Reclamationevaluationfor enforcement purposes. 

This qualitative paper, based on imagery obtained at two frequencies and two polarizations for each 
frequency, presents a listing of the tone and texture for each of the four radar images with respect to the 
various mine features detected. The "Discussion" deals primarily with the radar system anid not-with 
its utility for strip mine detection and analysis. The importance of ddpression angle and look direction 
of the radar is emphasized, And it is recommended that two flight tracks, perpendiculaf to one another, 
should be used for optimum data collection for strip mine detection. 

SIEGAL, B. S., F. G. SNIDER, and N: R. TILFORD, 1978 

Remote Sensing for Nuclear Power Plant Siting, Batan Peninsula, Republic of the Philippines 

Proceedings, 12 International Symposium on Remote Sensing of Environment, Manila, 
Philippines, April. 

Authors' Abstract: The sitingof thefirst nuclearpowerplantin the Republic of the 
Philippinesentailedan extensive remote sensing study to help evaluate tectonics, 
volcanism,and the structural setting ofpotentralsite regions. Over10,000 squarekm 
ofSide-LookingAirborne Radarwas obtamed,,covenng Mt. Pinatubosouth to tbe 
Taal-Banabaovolcanicareaandfrom the west coast of Luzon east to Laguna de Bay; 
these datawere analyzed concurrentlywith Landsatimagery, thermal IR imagery, 
and black-and-wbteand color aerialphotography. Analysis included pbotograpbic 
processing,color additive viewing, Ronchi rulingsand stereoscopicviewing, where 
applicable. Results of the remote sensing study, in conjunctionwith seismological 

andfield andlaboratoryanalyses,provided an effective method of identifying and 
evaluatingpotential sites. Initialphasesof the remote sensingstudy revealed that 
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several of the proposed'siteregionswere unsuitable because offracturing,gravitymovements. 
or volcanichazards. SLAR imageryproved invaluable throughoutthe study in guidingfield 
activities, unraveling structuralsettingsand volcanicstratigraphy. As aresult of the siting 
investigation, Napot Pointwas selectedfor the site of thefirst nuclearpowerplantin the 
Republic of the Philippines. 

Motorola APS/AN-94D (X-band) real aperture radar system was used. Ground resolution was approximately 
20 m. 

SIMONETT, D. S., 1968 

Potential of Radar Remote Sensing as Tools in Reconnaissance, Geomorphic, Vegetation, and 
Soils Mapping 

U.S. Geological Survey Interagency Report - NASA-125, July, 19 pp. (NTIS No. N69 28154). 

Author's Summary: In reconnaissancemapping ofvegetation, soils, andgeomorpbicsurfaces 
in remote, difficult-of-access and under-developedareasin tropicaland arcticlatitudes,aerial 
photographsbave extensively been used to aidground studies. Over recent years, studies 
usingnonpbotograpbicremote sensors,particularlyinfra-redandradarbave sbown that tbeqe 
systems, used in concertwith photography,may add materiallyto the information available 
and thereby improve the efficiency of ground reconnaissance- This reportfocises attention 
on side-lookingradaras a toolfor such reconnaissance. Since radarimagery may be obtained 
in swaths up to 40 miles wide, largely independent of the weather,its usefulness for 
reconnaissance-nzapping needs careful evaluation. 

A review is given of recent studies witb radaron: (1) the mapping oflineamentsand litbologic 
units and its use as a surrogatefor 124,000scale maps in bydrologicanalysis; (2) the mapping 
of vegetation types, eipecially in relation to structure,and (3)its successes andshortcomings 
as an adjunct to photograpbyin soil reconnaissancesurveys. 

Two short introductory sections of the paper present reviews of work, primarily by scientists from the 
University of Kansas, concerning geomorphic and vegetation reconnaissance mapp5ing using a K-band 
radar. The third section, concerned with soil studies and supplemented by overlay maps of radar 
imagery, notes that several types of soil and soil/vegetation combinations were'distingished on the 
imagery. These include: vegetated dunes, vegetated sand sheets, active dunes, badlands, salt plains 
and flood plains. River terraces are seldom identified from radar imagery, and the first three mentioned 
above are usually, but not always, distinguishable. The identification of soil associations, using only radar 
imagery, is very difficult -- partially because the vegetation on these soils is primarily cultivated crops. 
Hence, the author concludes that soil information from radar imagery is "uneven in both distribution and 
quality. . where extreme differences occur in adjoining plant structures, in soil or plant moisture content, 
in soil texture, in topography, and within areas of scanty vegetation, in small-scale surface roughness, 
then discrimination on the radar image of soil units closely tied to these differences will usually be 
possible." 

SIMONS, J. H., 1965 

Some Applications of Side-Looking Airborne Radar. 

Proceedings, Third Symposium on Remote Sensing of the Environment, Report No. 4864-9-X, 
Willow Run Laboratories of the Institute of Science and Technology, The University of Michigan, 
Ann Arbor, November, pp. 563-571. 
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Selected Papers on Remote Sensing of Environment, American Society of Photogramnimetry and 
Willow Run Laboratories, Washington, July 1966, pp. 205-213. 

Author's Abstract: The applicabilityof the AN/APQ-56 system to observationof 
geologicalstructure,geomorphologicalfeatures, and culturalpatternsof land uses is 
investigated. 

The paper suggests some areas in which SLAR can easily be used, especially in reconnaissance surveys 
for planimetric mapping, geology and geomorphology and the determination of broad cultural land 
uses, terrain trafficability and watershed management. Although trained photo-interpreters had difficulty 
in orienting themselves to working without stereographic viewing, they were able to cover approximately 
100 mile2 /hour when interpreting for reconnaissance mapping. Eleven radar images and short tides 
for each are included. 

SNAVELEY, P. D., Jr., and H. C. WAGNER, 1966 

Geologic Evaluation of Radar Imagery, Oregon Coast 

U.S. Geological Survey Technical Letter - NASA-16 

Abstract, Radarimagery of a coastalstrip extendingfrom the Columbia River to near the 
Californiaborderwas obtainedwith a high frequency side-lookingradar. Qualitativeevalua­
tion indicatesthat radarimageryis apotentiallyuseful toolfor geologicmappingin regions 

where bedrock is masked by dense vegetation. The radarsensoreffectively "defoliated" 
coastalOregon, thusgreatly enhancing the topographicand tonalexpressions of certain 
Tertay rock units. Faultsand lineamentsnot identifiableon conventionalblack and white 
photographycan be recognized. 

Preliminaryinterpretationsindicate that radar returnsin this area are dependent principally 
upon density andwater contentof the rock units The tonal conditionsof certain Tertiary 
units am distinctive. Miocene basaltflows show the highestreturns (lightesttones), sand­
stonesgive intermediatetones, and marinemudstones have the lowest radarreturns ofany 
of the Tertiary rocks. Tbe juxtapositionof these contrastingtones-and differences in 
topographicexpression define the positionsof depositionalandfault contacts. 

SNAVELY, P. D., Jr., and N. S. MacLEOD, 1968 

Preliminary Evaluation of Infrared and Radar Imagery, Washington and Oregon Coast 

U.S. Geological Survey Interagency Report - NASA-124, September, 23 pp. (NTIS No. N69 25024) 

From Authors' Introduction: This report summarizes the preliminaryinterpretationof 
infraredand radarimagery ofparts of the Washington and Oregon coast. This coastalarea 
isan ideal testingsitefor remote sensing techniques inasmuchas, in contrast to other imagery 
testingsites, it hasa dense cover ofvegetation, and bedrock is poorly exposed. Tbus it 
serves to define limitationsof imagery in areasnot ideally suitedforgeologicalinterpretation 
of conventionalaerialphotographs. 

The bulk of the report deals with the infrared imagery (8 pm to 14 pim) taken during the early evening 
of 16 August 1967, and most of the interpretation of this imagery deals with the tidal cycles and fresh­
water plumes entering the ocean. As concerns the radar data (no radar imagery isshown),-the reader is 
referred to SNAVELY and WAGNER, 1966, for the basic interpretations. The authors state that 
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additional data has been collected but analysis has not been completed; they reiterate conclusions presented 

in the 1966 paper. A comprehensive report on interpretation afid evaluation of radar imagery is promised, 

but as yet this paper does not seem available. 

SOUTHWICK, D. L., 1966 

Geologic Evaluation of Radar Imagery, Appalachian Piedmont, Harford, and York Counties, 

Maryland and Pennsylvania 

U.S. Geological Survey Technical Letter - NASA48, Washington. 

Abstract: Radar images reveal vesy ittle of the geologic "grain" of the AppalachianPiedmont 
because of the lack of distinctive topographicexpression. Soil and bedrock variationsare 
obscured by the geometric pattern offarm lands andwoodlots. Penetrationofforest cover is 
poor in the relativelyflat Piedmont but very effective in the more rugged ridgeand valley 
terrainofeastern Pennsylvania. 

STAROSTIN, V. A., N. N. SEMENOVA, and V. G. MOZHAEVA, 1971 

Experiment of the Use of Information from'Radar Aerial Survey During Geological Interpretation 
in Central Kazkhstan [Opyt Ispol' zovanil Materialov Radiolokafsionnoi Aeros' emki Pri 

Geologicheskom'Deshifrirovanii v Tgentralnom Kazkhstane] 

New Methods of Obtaining Information by Various Remote Sensors and its Adaption"for 

Solving Geological Problems [Novye Metody Polucheniia Informafsii razlichnymi Distantsionnymi 
Priemnikami i cc Obrabotki Dlia ReshenilS. Geologicheskikh Zadach] VIEMS, Moscow. 

Reviewer's Summary: In 19 70 a large partof the northernPnbalkasb areawas covered 
by an airborneradarsurvey. Through field investigation,geological,geomorpbic, 
geophysical,soil andgeobotanicaldatawere simultaneouslyacquired. 

Areas having distinct topograpIcforms which resultfrom geologicorgeomorpbicprocesses 
are more easily interpretedthan lowland areasof low reliefwbicb lack characteristictopo­
graphicexpression. 

Structureand litbology which jointly controllandform development of an area permit 
interpretationsof the buried structureand, indirectly, the rock type. In this respect radar 

imagery is more effectively used than aerialphotographybecause of the regional perspective, 
especially in determiningregionalstructuralrelationships. 

Areas of varyingsoilmoisture and soil salinityhave been detected, andsources of springs 

have been located. 

Some distinctionsbetween quaternarydeposits have been made on the basis of surface 
texture. (From: Dellmig, etal., 1975.) 
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STRELNIKOV, S. I., 1972 

Peculiarities of Geological interpretation of Radar Aerial Surveys [Osobennosti Geologicheskogo 
Deshifrirovanie Radiolokatsionnykh Aerosnimkov] 

New Methods of Obtaining Information by Various Remote Sensors and its Adaptation for Solving 
Geological Problems [Novye Metody Polucheniia Informatsii Razlichnymi Distantsionnymi 
Priemnikaml i ee Obrabotki Dlia Resheniia Geologtcheskikh Zadach] VIEMS, Moscow, (Russian). 

Reviewer's Summary: The landform method (relief, drainagenetwork, etc.) of image analysis 
can be appliedto both radarandpboto interpretation. Two major differences between radar 
imagesand aerialphotographsmust be considered, however; the geometry of the radarimage 
and the response of terrain elements to two differentportionsof the electromagnetic spectrum. 

Orientationand surface roughness of the terrainsurfacesareboth determinativefactorsin radar 
backscattering. Factorswhich influence image tone are differentialsizes of reflectingsurface 
materials,natureof the vegetal cover, and moisturecontent of surface materialor vegetation. 

A true stereo effect is not as easily achieved with radaras with aerialphotographsbut the 
sculpturedappearanceof the terraincausedbysbadowingfacilitatesinterpretations. (From 
Dellwig, et al., 1975.) 

STRELNIKOV, S. I., 1972b 

Geological Interpretation of Radar Aerial Photos from Certain Regions of the Polar and Northern 

Urals, [Geologicheskoc Deshifrirovanie Radiolokatsionnych Aerosnimokov Nekotorykh Raionov 
Poliarnogo i Sevemogo Urala] 

New Methods of Obtaining Information by Various Remote Sensors and its Adaptation for 

Resolving Geological Problems [Novye Metody Polucheniia Infromatsii Razlichnymi Distantsionnymi 
Priemnikami i ec Obrabotki Dlia Resheniia Geologicheskikh Zadach] VIEMS, Moscow, (Russian). 

Reviewer's Summary: In the northern UralMountains, litbologicandstratigrapbic influence 
on localreliefwas used as a criterionto identify rock formationshaving unique topographic 
expression. Diverse rock types (volcanic, igneous intrusives,and sedimentary)were identified 
in this manner. 

The orientationofgeologicstructureswith respect to the antennainfluences the detectability 
of tbese features. Surface expression offaults was seen in the development ofa trellisdrainage 
network. 

Tundra has no identifiablesignature. (From: Dellwig, et al., 1975.) 

SWANSON, D. A., 1966 

Geologic Evaluation of Radar Imagery of the Central Part of the Oregon High Cascade Range 

U.S. Geological Survey Technical Letter - NASA-19, May, 11 pp. (NTIS No. N73-89403). 
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From Author's Evaluation: In comparison to thegeologicmap based on pbotogeology and 
ground work, radarimagery shows very clearlymany geologicfeatureswitb characteristic 
topographicexpression, but fails to bring out certain subtle distinctions,as between topo­
graphicallyand compositionallysimilar andesite and basaltlava flows. It [radar) clearlyshows 
the volcanicnatureofmucb of the terrain especially the volcanoesand viscous'lavaflows and 
domes, but gives no indicationofthe natureof theflat lava plain. The imagery shows linear 
scarpswhich most probablyarefaults, an interpretationconfirmed by geologic mapping Tbe 
imagery is hinderedby storms, although the cross-polarizedstrip cuts through some of the 
cover. Imagery flown duringbetterweatherconditions would undoubtedly supply many more 
details. The radarshows topographicfeatures in forested terrainless clearly than in barren 
areas,but in timberedareasit is better than aerialphotography. The radarpermits better 
interpretationin forestedareasof some geologicfeatures, such as linearstructureswith 
topographicexpression, thandoes black and white aerialphotography. 

TABOR, R., 1966 

Application of Radar Imagery to a Geologic Problem at Glacier Peak Volcano, Washington 

U.S. Geological Survey Technical Letter - NASA-26, May, 4 pp. (NTIS No. N70 38896). 

Abstract: Radarimagery was found to be more effective than aerialphotographyin defining 

the constructionalsurface and contacts of a largefan ofstratifiedvolcanicgravel and sand 
that extends down the eastflank of the GlacierPeak volcano into the SuiattleRiver Valley. 

van ZUIDAM, R. A., 1978 

Terrain Classification Using SLAR Imagery: A Geomorphological Approach 

ITC Journal, pp. 705-716 

Author's Abstract: Terrain analysisand classificationon the basis of geomorpbological 
principlesis becomingmore and more acceptedfor multidisciplinary,semidetailed, and 
reconnaissancesurveys. This concept is also issuedfor the PRORADAM project, in 
which SLAR images of the Columbian Amazon region are analysed usingthe 
geomorphologic/ecologiclandscapeapproach 

The author notes the general geology and geomorphology of the area and presents several sets of SLAR 
and Landsat imagery. Although these images are not registered, they are clear enough to show the 

additional terrain information presented by the SLAR - due primarily to the shadowing of the terrain. 
With respect to SLAR, it is noted that: 

(1) Scales of 1:50,Q00 to 1: 100,000 - difficult to interpret due to speckle and limited stereo 
imagery; suitable for transfer of information. 

(2) Scales of 1:200,000 - most suitable, good stereo. 

(3) Scales of 1:400,000 - frequently too small to interpret various terrain units due primarily 

to the limited size of the units. 

(4) Scales of 1:200,000 (mosaic made of far range strips) - reasonable stereoscopic vision,and 

good possibility to identify terrain units; semicontrolled mosaic used as abase map. 

(5) Scale of 1:1,000,000 (mosaic) ­ useful only for reconnaissance. 

The Goodyear APS-102/X radar was used for this project. Terrain consisted primarily of horsts,grabens, 

four planation levels, three river terrace levels and the floodplain of a river. Imagery from four study areas 
are presented. 
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VERSTAPPEN, H. T., 1977 

Remote Sensing In Geomorphology 

Elsevier Publishing Co., Amsterdam, The Netherlands, ix, 2 14 pp. + figs., tables, maps. 

No Author's Abstract. 

This publication, although dealing primarily with aerial photography and visible portions of the EM 
spectrum, does have a small amount of space devoted to radar and thermal systems. The interesting 
aspect of this book is that it presents a perspective of remotely sensed data and their application to 
geomorphological problems that is rather unique in this relatively new aspect (remote sensing) of the 
geosciences_ Individuals having some background in both remote sensing and geomorphology will 
receive the best benefits from this publication. 

VISKNE, A., T. C. LISTON, and C. D. SAPP, 1969 

SLR Reconnaissance of Panama 

Geophysics, Vol. 34, No. 1, February, pp. 54-64. 

Photogrammetric Engineering, Vol. 36, No. 3, March 1970, pp. 253-269. 

Authors' Abstract, SLR (Side-Looking Radar)was successfully used in lieu of optical 
photographyfor reconnaissanceof the Darien Province of Panamaandpartsof Northwest 
Colombia, and for the constructionofgeoscienceproducts thereof. An AN/APQ-97 
side-lookingradarwas used toproducehigh-resolutionimagery of an areacontaming 
approximately6,600 squaremiles in 4 bours offlying time - an area,furthernore,thatis 
almostperpetually cloud covered. The SLR imagerywas used to preparean uncontrolled 
mosaic anda seriesof geoscienceoverlays, including. Surface Drainage,Surface Configura­
tion, Vegetation, EngineeringGeology. The results of this study are believed to he unique 
in that they provide thefirst complete overview of DarienProvince, thereby demonstrating 
the capabilityof SLR to gathergeoscience datain an areathatis notoriousfor the diffi­
culties that its persistentcloud coverposesfor the acquisitionofusable conventional 
opticalaerialphotography. (Abstract copyrightedby Society ofExplorationGeophysicists.) 

The authors insist that SLR imagery is best used as a supplement to conventional air photography. 
Indeed, several of the "geoscience" map overlays were constructed using surrogate data. 

WAITE, W. P. and H. C. MacDONALD, 1972 

Fracture Analysis with Imaging Radars 

Annual Meeting of the American Geophysical Union, San Francisco, December 4-7. 

Transactions, American Geophysical Union, EOS, Vol. 53, No. 11, November, p. 9 8 1 (abstract 
only). 

Authors' Abstract: Fracturetrendsare surface manifestationsof subsurfacediscontinuities 
which usually delineatezones ofincreasedporosity and permeability. Subsurfacefeature 
networks can channel, store, and transportlargequantities ofgroundwater. Fracture 
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analysismethodsfor location of highyield waterwells are substantallymore effective than a 
random approach. Although aerialphotographsbateproven to be an extre4nely-valuabletool 
for such fractureanalysis, radarimagery is now cited as a remote sensing techniquewhich may 
provide extremely valuable supplementalterraindata. Radar imageryprovidesan oblique illu­
minationof the terrainwhich tends to enbancesubtle topographicdiscontinuitieswhich are not 
usually detected on standardaerialphotographs. In addition to satisfying the requirementfor 
a rapidand synoptic terraindatagatheringtechnique, broadspectrum microwavemeasurements 
ofsoil reflectivity provide evidence that variationsin soil moisture may also be availablewith " 
imagingradars. This microwave measurementis sensitive to the moisture content of the soil 
surface,and thepotentialforaidingin the detection offracturetrends is particularlyappealing 
for extensive reconnaissancestudies. 

Only the abstract, preprinted in its entirety above, is available for this entry. 

WALKER, A. S., 1972 

Geological Evaluation of Remote Sensing Imagery of the Mesabi Range, Minnesota 

Proceedings of the Eighth International Symposium on Remote Sensing of Environment, Report 
No. 195600-1-X, Willow Run Laboratories of the Institute of Science and Technology, The 
University of Michigan, Ann Arbor, 2-6 October, pp. 1137-1196. 

Author's Abstract: Remote sensing imagery of Precambrian sedimentary, metasedimentary 
and intrusive rocks ofthe Mesabi Range,Minnesota areawas analyzed to determine bow much 
geologicinformationwas inherent in each type of imagery. High altitudepanchromatic photo­
graphy,radar,ultraviolet,and day and night thermal infrared imagery were examined. Geologic 
sketch maps were producedfor each type of imagery. 

Radarappears to be the best imageryfor mappingrock units andfor locatingregionalfaults. 
Few rock unitscould befound on the infraredimagery or on the panchromaticphotography. 
Several previously unmappedfaults were located,and the surface traces of somefaults 
were extended based on information on the imagery. 

A Westinghouse AN/APQ-97 (K-band, 1.86 mm) SLAR over NASA Test Site 41 in October 1965 gave HH 

and HV radar data which were studied at the scale of 1:147,000. Because HH imagery has a larger tonal 

contrast than does HV, the latter was of less use in geologic interpretation. However, it appears as if both 

together yielded more data than either one alone. Iron mines and tailings have high returns and are easily 

identified because of (a) mineral content, (b) uniformity of surface materials, (c) slope angle relative to 

the radar image and/or (d) absence of vegetation. Swamps and lakes are easily differentiated from higher 
and drier lands. Contacts located on theimagery are nof in close agreement with those on geologic 
maps. Of 26 known faults, 19 were found on HH imagery and 15 on HV imagery prior to comparison 

with the maps. Three could not be found on the imagery, even after consulting the maps. In addition, 
three faults had 16nger traces on the imagery than on the maps. 

The author also discusses the use of IR panchromatic photography and ultraviolet sensors for geologic 
studies. 

WALKER, G. W., 1966 

Evaluation of Radar Imagery of Highly Faulted Volcanic Terrain in Southeast Oregon 

U.S. Geological Survey Technical Letter - NASA-25, May, 15 pp. (NTIS No. N70 41122). 
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Abstract: Radarimages ofphysiographicand some geologiefeaiuresin southeastOregon . 
were found to be well defined, as in conventionalaerialpbotography. Geologicfeatureshaving 
topographicexpression were best displayedand include large- and small-scalefaults marked by 
linearscarpsand valleys. Finegrained,poorly indurated,tuffaceous sedimentary rocks, in 
places water saturated, fill the basinsbetween faults and stand outas-dark areasin contrast 
to adjacentrocks ofgreaterdensity havinglittle orno saturatedwater. 

Valley fill, landslide areas,layered rocksand non-layered rocks can be distinguished. Rock 
types, distinguished by tonalcontrasts on aerialphotographs,cannotbe differentiatedin 
radarimages. 

WILLIAMS, L. O., 1968 

Radar: An Aid to Geologic Mapping of Crystalline Rocks at Test Site 46, North Carolina 

Technical Report No. 5, East Tennessee State University Remote Sensing Institute, Johnson-City, 
20 pp. (Contract: Office of Naval Research N00014-67-A-0102-O001). 

From Author's Introduction; Obviousdifferences in topographicexpression on the radar 
image of the Hot Springs-Asbeville-HendersonvilleareaofNorth Carolina... suggest the 
possibilitythat certainparametersqf topographicexpression might correlatewith the 
underlyingrock type. The characteristicoblique illuminationangle ofside-lookingradar 
maps slopes which are orthogonalto the radarbeam with a light tone proportionalto the 
length of the interceptingslope interface... . Therefore, amap of tbe averagewidth ofthe 
light tone intercept taken from asampling grdplaced on the radarimage sbould be 
indicativeof the distributionof topographicrelief. 

This study will evaluate the hypothesis that underlying rock type in tbe crystalline 
rocks ofwestern North Carolinais sufficiently different to controldifferences in topo­
graphicreliefof the overlying earth'ssurface, and hence, that a map of topographic 
expression can materiallyaid certain geologic mappingprojects. 

Should such a relationshipexist, then automaticterrainanalysis with a microdnsitometer 
anda high capacitycomputerseems feasible because a negativeof the radarimage can be 
used with a microdensitometerto map differences in gray tone deniity. 

This study is basedon a radarimage of the nortbwest-soutbeast50 mile long by 10 mile 
wide areastretcbingfrom the North Carolina-Tennesseestate line nearllot Springs, 
over Asheville, to the vicinity of the North Carolina-soutbCarolinastate line near 
Hendersonville. The imagery wasflown in September 1965. 

To illustrate, quantitatively, the "fair to good" correlation between bdrock type and topographic expres­
sion (slope), the author overlayed a hexagonal grid on the radar image. The width of the light gray (i.e., 
high return) area along three of the intersecting six lines in the grid pattern was measured. The values 
were averaged and considered as the value for the entire cell. These mean values were then used for the 
construction of an isopleth map. Visual comparison was made between the isopleth map and a recent 
geological map of the imaged area. Frequency histograms of these values and descriptions of same for 
several rock types are included. 

WILLIAMS, L. 0., 1969 

Interpretation of Linear Elements on the Radar Image of the Hot Springs-Asheville-Hendersonville 
Area, North Carolina 

Technical Report No. 6, East Tennessee State UniVersity-Remote Sensing Institute, Johnson City, 
26 pp. (Contract: Office of Naval Reserve N00014-67-A-0102-O001). 
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Author's Abstract: A radarimage of the Hot Springs-Asbeville-HendersonvlleareaofNorth 
Carolina clearly displays regionalvariationsin topographicexpression and'drainagecharacter 
and accentuates linearelements in the terrain Field and laboratorywork strongly suggests 
contiol by differences in rock type and fractureson development of topographicexpression. 
Stereographicprojectionsofpoles to 430 foliation surfacesand 450jointsurfaces,wbich 
were measured atscatteredlocationsin the map area, and a stereograpbicprojection of 375 
poles to linearelements derived from the radarimage demonstratea sufficient correspondence 
in positionof maxima to justify infernng controlon linearelements of topographyby joint 
andfoliation surfaces in crystallinerocks Radarimageryfrom an airborneplatform bas 
providedan image on a regionalscale which is a valuable tool foraiding in fractureanalysis 
in the crystalline rocks ofwestern North Carolina. It is anticipatedthat such analysisofa 
radarimage will aidgroundwatergeologistsin locatingrelatively bigb-yield fracture­
controlledwaterwells in otber parts of the Blue Ridge Province. 

Relief as indicated on radar imagery was designated high, moderate or low, depending on the length of the 

bright (high-return) areas on the radar image between valley bottom and adjacent ridge crests. The relief, 

as measured, showed a high correlation with a recent USGS geologic map of the same area. There is 
strong evidence that linear features seen on radar images were caused by joints, shear zones, or foliation 
surfaces. Because radar images can be taken with a lower illumination angle than is possible with aerial 
photography, radar should be better for detecting and analyzing structural features in this area than con­
ventional aerial photographs. 

WILLIAMS, P. L., 1966 

Preliminary Report on Radar Imagery of Cedar City-Iron Springs Area, Utah 

U.S. Geological Survey Technical Letter - NASA-44, Washington, September, 18 pp. (NTIS 

No. N70-38887). 

Abstract: Topograpbicfeaturesof the areaarewell expressed by shadow enhancementeffect 
caused bythe side-lookingmode of the radarsystem Geologicfeatures such asfaults marked 
by linearscarpsand resistantbeds cropping out as hogbacks havingtopographicexpression are 
similarlywell displayed. -Little, if any, tonal contrastwas noted between rock types which 
include Paleozoic, Mesozoic, and Tertiary sedimentary rocks, Tertiary volcanics and 
bypabyssal intrusions. Quaternaryalluvium was readily distinguishedfrom bedrock, and 
Qzeaternary basaltflows appeared somewhat darker than older basalts of the area. 

The reflectvity of iron mine dumps was especiallyhigh and much greaterthan would be 
expected from such minortopographicfeatures. Possibly tbeirhigh reflectivity is related 
to theirbigb magnitite content. If so, it is possible that magnetite depositsoutcropping at 
the surface in remotepartsof the world could be similarlydetected. 

WING, R. S., 1970a 

Structural Analysis from Radar Imagery, Eastern Panamanian Isthmus 

U.S. Army Topographic Command, Corps of Engineers, Engineer Topographic Laboratories, Fort 

Belvoir, 156 pp.. 

Technical Report No. 133-15, CRES, The University of Kansas, Lawrence (NTIS No. AD 715 322). 

Ph. D. Dissertation, Dept. of Geology, The University of Kansas, Lawrence, 1970, 192 pp. 

A portion of this paper was published under: Structural Analysis from Radar Imagery of the Eastern 
Panamanian Isthmus: Part I, Modern Geology, Vol. 2, No. 1, February 1971, pp. 1-21. 
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Author's Abstract: The PanamanianIsthmus, where two continentsare tenuouslyjoinedand 
where three major crustalplates have apparentlylong interacted,must recorda strain pattern 
that can be used to help advance knowledge ofglobal tectonics. Recent radarcoverage bas 
provided this previouslyunobtainablesurface geologic datafor EasternPanama. Reconnaissance 
mappingpernnits tentative interpretations.A belt of (individually)north-trendingleft-lateral 
en echelon anticlines nearlybisects DarienProvince, extendsnortbwestwardacrossthe Pacific 
Hills, and culminates in compound large-scalefaultedfolds adjacentto the eastend of the Maje 
Range. Observeddistortionwithin this belt is compatible with postulated left-lateralmovement 
at depth between longitudinalblocks which constitute the Isthmus and parallelits trend. A 
similarstrainpattern is in evidence in the Maje Range as reflected by longitudinalfaults, 
left-lateraloffsets, and related internalfolds. 

The PanamanianIsthmus is situatedin the southwest comerof the Caribbeanplate whicb, 
it ispostulated, has been iubject to compressionfrom active translationof the South American 
plate. EasternPanamahasapparentlybeen subject to left-lateralsimple sheardeformation 
because of the oblique orientationof the principalcompressivestress relative to the non­
homogeneous make-up of the Isthmus. 

In addition,the Caribbeanplate hasbeen moving slightly eastward,relative to South America, 
and the dragbetween tem may accountfor observed rigbt-lateraltrknsistbmin distortion, 
notably from San MiguelBay northwardto the Caribbean. However, no transistbmiantear 
faults arein evidence affecting the Isthmusfrom coast to coast 

The longitudinalwrench faults so characteristicof the Maje Range have been used last for 
vertical tectonicadjustments,there being an axial borstwhich is topograpbicallyhigh in the 
eastern and centralportions. The Bayano structuralsub-basin,extending westwardfrom 
the Canazasplatform, is cut off from the sea by a nearlypeneplanedwest-plungingelement of 
the Maje Range across which the Bayano River now flows to the sea. -Raisedbeach ridges near 
the mouth of this rivermanifestrecentactivity alongthe same fault, which bounds the 
north side of the axialMaje borst. 

The horizontal bending of the San Bias Range seems to have been qccomplished by means of 
an intricatesystem ofleft-lateralshearsand interspersedtears. (Abstractonly- Dissertation 
Abstracts International,Section B- Sciences andEngineering, VoL 31, No. 11, May 1971, 
pp. 6699B-6700B.) 

This is one of the more complete articles in a comprehensive study showing the usefulness of radar as an 
additional data source. Of particular interest for the radir interpreter are four pages giving a brief outline 
of radar imagery and relating the comments to the several excellent images and maps. The bibliography 
contains 38 articles. 

WING, R. S., 1970b 

Cholame Area-San Andreas Fault Zone - California: A Study in SLAR 

Modern Geology, Vol. 1, No. 3, June, pp. 173-186. 

Author's Abstract: The Cholame locale,midway between San Franciscoand Los Angeles, 
California,includesaparticularlysignificant"San AndreasFaultzone "segment, charac­
terized by a gradationalchange in mode of tectonic adjustment,from transientcreep (NW) 
to periodicviolent movement (SE). Subordinatefold andfracturepatternson the south­
west sideof the fault zone have been analyzeduitb respect to side-looking airborneradar 
imagery (AN/APQ-97 K-band), part of coverage obtainedon mission flight 101 (1965) from 
San Franciscoto San Bernardino,flown by WestinghouseforNASA. 

The primaryobjective of this study was to investigate anddocument the use of SLAR 
imageryforgeologic mappingof lineamentsand to'determine the level of significance 
of the display. Preferredimagery-lineamentorientationswere found to favor N30-400 E, 
N50-60 E, andN40-60 W, as expressed in extensive Paso RoblesFormation(Plio-
Pleistocene) outcrops The NE-SW lineamantsreflect resequentdrainageon the 
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southwesterly dipping Paso Robles strata (continentalelastics) along the southwest side of the 
San Andreas Fault zone here, and probably also reflect incipient left late/al shear and tension 
sets compatible with this dip bearing. Certain prominent imagery lineaments, trending N60 °W 
± (200 ± count6r-clockwise from the San Andreas bearing) reflect the grainof sharply folded 
Paso Robles stratain proximity to the San Andreas Fault. An arcuate 'row " of ineations 
around the northeast flank of the Red Hills - Sand Canyon Antchnes, probably reflects the 
outcroppattern of the Paso R'obles strata, i.e., slumps and slides, etc., related to exhumation 
of this older structural high which remainspartiallycovered by Paso Robles debris. Still 
other lineaments on trendwith. north of, and iubparallel to, the Red Hills - Sand Canyon 
Anticlines, may manifest fracturesover a still buried northwardprojection of this same 
positive linear feature. The variouslineaments are generally enhanced to a greaterdegree on 
the SLAR imagery than on low altitude conventional aerialphotographs. 

"The primary objective of the study has been to further investigate and document the use of ... SLAR 
... imagery for geologic mapping of lineaments and to determine the level of significance of the display 
.. SLAR . .. is not ideal for detection of folds which are so youthful as to lack definitive valleys, 

etc. . . . It is also less effective in detection of very small folds (e.g., 1 km ± in length). These same 
limitations, however, also apply more or less to conventional aerial photographs .... Radar lineaments, 

noted in this study, primarily reflect drainage which in turn is strongly controlled by regional dip, folds, 
and fractures - including faults." Several good diagrams of radar imagery geometry and distortion are 
included. 

WING, R. S. and L. F. DELLWIG, 1970a 

Radar Expression of-Virginia Dale Precambrian Ring-Dike Complex, Wyoming - Colorado 

Bulletin of the Geological Society of America, Vol. 81, No. 1, January, pp. 293-298. 

Authors' Abstract: The Virginia Dale Precambrianring-dike complex, at the extreme south 
end of the Laramie Range, was first recognized by W. A Braddock in 1962 from high­
altitude airpbotos. This roughly circular feature is well expressed on 1957 early side­
looking airborneradar(SLAR) imagery, from which in 1965 it was independentlynoted as 
a strikinggeomorpbic (domal) anomaly. This particularimagery example illustrates the 
notable potential of radarimagery in general for delineation of largerscale elements, es­
pecially lineamentpatterns 

The Virginia Dale complex is believed by the current authors to be of particularsignificance, 
not only for its relevance to precambrianhistory, but also forpossible influence on 
Phanerozoicevents here, and in particularfor its possible bearingon location of the Ferris-
Avltman and other associatedPaleozoic diatremes (copyrighted by GSA). 

Radar was extremely useful in identifying a previously unknown geological feature. 

WING, R. S. and L. F. DELLWIG, 1970b 

Tectonic Development of the Eastern Panamanian Isthmus as Revealed Through Analysis of 
Radar Imagery 

Presented at the Annual Meeting, Geological Society of America, Milwaukee 11-13 November. 

Authors' Abstract: A medial basin, extending the length of the eastern Panamanian 

istbmus, separatesthe Pacificcoastal ranges (composed mostly of andesite flows with some 
basalt)from the Caribbean coastalranges (generallyof andesire flows in DarienProvince, but 
including also granite,granodioriteand some syenite in the westernDarienand San Bias 
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ranges). A belt of north-trendingen echelon antichnesbisects Darien Province, extends north­
westward across the PacificHills, and culminatesin large-scalefaulted folds adjacentto the 
east end of the Maje Range. A "siniilarstrain pattern in the Male Range is reflected by longi­
tudinalfaults, left-lateraloffsets, and related internalfolds. (1) The radicaldifference between 
basement sthologies of the Pacific coastal ranges of eastern Panamaand of the western Darien 
and San Bias ranges, and (2) the great alignment of left-lateraladjustments, define a major 
basement block boundary along this great alignment, with left-lateralmovement between the 
two longitudinal blocks it separates. 

The PanamanianIsthmus is situated in the southwest comer of the Carribbeanplate which, it 
is postulated, bas been subject to compression through active translationof the South 
American plate. Eastern Panamahas apparently been subject to left-lateralsimple shear de­
formation because of the oblique orientation of the principalcompressive stress relative to the 
nonbomogeneousmake-up of the Isthmus. In addition, the Caribbeanplate has been moving 
slightly eastward, relative to South America, thus accountingfor observed igbt-lateraltrans­
isthmian distortion,notably from San Miguel Bay to the Caribbean. (Copyrighted by GSA). 

WING, R. S., W. K. OVERBEY, Jr., and L. F. DELLWIG, 1970 

Radar Lineament Analysis, Burning Springs Area, West Virginia - An Aid in the Definition of 

Appalachian Plateau Thrusts 

Bulletin of the Geological Society of America, Vol. 81, No. 11, November, pp. 3437-3444. 

Authors' Abstract: Geomorpbcanalysis of radarimagery covering an east-west 18-kmowide 
swath, from Sandyville to Camden, West Virginia, has revealed a striking polygonal topo­
graphicpattern. This pattern is apparently an erosionalresponse to varying combinations of 
at least six fracture sets (strike, dip, and two conjugate shearpairs), related to one-time 
movement of a great thrust sheet, extending westwardfrom the Appalachian Front to the 
BurningSprings anticline. The preferredfracture sets were apparentlyrotated up to 10 
degrees counter-clockwise in the BurningSprings area in accordancewith "pleup" of the 
leading edge of the thrust sheet The decollement movement permitted a maximum of the 
possiblefracture sets to advance beyond the incipient stage of development. Immediately 
west of the Burning Springs anticline.there is notably less expression of the polygonal pattern 
and only two fracture sets are strongly expressed. 

There was good correspondence between airphoto lineamentpatterns,radarimagery linea­
ment patterns,and surface joint strikes measured in the Burning Springs area. However, air 
photosgenerally revealedshort lineamentsegments, whereas the synoptic radarpresentation 
revealed lineups of segments, hence, long integralfracture zones. 

The fracture pattern inferred through radarimagery interpretationand confirmed by surface 
measurement is reflected in the outlines of some oil fields in the area (Copyrighted by 
GSA). 

AN/APOQ-97, K-band, HH polanzatign radar was used. The cross-polarized image was not used in the 

analysis because the cross-polarization apparently added little unique data to this study. Some problems 
of blurring and image distortion were encountered. There is a short discussion of metric measurements. 

Synoptic aspects of radar make it superior, but supplemental, to aerial photographs. 
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WING, R. S., H. C. MacDONALD, and L. F. DELLWIG, 1970 

Tectonic Analysis from Radar - Central and Eastern Panama 

Meeting of the South-Central Section of the Geological Society of America, held at College Station, 

Texas, 2-4 April 1970. 

Geological Society of America, Abstracts with Programs, Vol. 2, No. 4, February, pp. 305-306. 

WING, R. S. and H. C. MacDONALD, 1973a 

Radar Imagery Identifies Hidden Jungle Structures 

World Oil, Vol. 176, No 5, April, pp. 67-70. 

Authors' Summary: An aircraftradarsurvey in eastern Panama gave surface imagery of nearly 
inaccesszble terrain that could not be photographed due to heavy cloud cover. Examples show 
bow typicaljungle terrain reflects data on potential hydrocarbon formations 

Following a brief review of the history of radar geology and of geological mapping in the Panamanian 
area, the authors present an image showing one area of Panama. On this image, detailed analysis show­
ing karst topography, fault blocks, synclinal trends, the Canazas anticline, and several faults is presented. 
Some suggestions concerning the importance of this imagery for reconnaissance petroleum exploration 
are given. The broad synoptic coverage and the allweather capabilities of radar are of special importance 
in this type of work. 

WING, R. S. and H. C. MacDONALD, 1973b 

Radar Geology-Petroleum Exploration Technique, Eastern Panama and Northwestern Colombia 

American Association of Petroleum Geologists Bulletin, Vol. 57, No. 5, May, pp. 825-840. 

Authors' Abstract Petroleum exploration in eastern Panamaand northwestern Colombia 
has gained impetus by recent side-lookingradar,geologic reconnaissancemapping. Radar 
derived geologic information is now available for approximately 40,000 sq km where 
previous reconnaissanceinvestigationsbave been extremely limited because of inaccessibility 
and almost perpetual cloud cover 

With radarimagery as the sole source of remote sensing data, the distribution, continuity, ­

and structuralgrain of key strata provide evidence that the eastern PanamanianIstbmus can 
be divided into tbree main physiograpbicstructuralparts Two composite coastalmountain 
rangesseparatedby the tapbrogenic Medial basin, wbicb trends soutbeastward from the 
mouth of the Bayano River to the Atrato River valley of northwestern Colombia. Witbin 
the Medial basin, most of the clearly exposed sutface structures ate not particularlyattractive 
petroleum prospects because prime reservoirstrata bave been stripped from their crests. 
However, several largegeomorpbic anomalieswbicb have been mapped in the Medial basin 
may.be reflections of subsurface structures baving a complete stratzgrapbicsection. Possi­
bilitiesfor gravity-type hydrocarbon accumulationsin fiactured organic sbales, siltstones,and 
carbonaterocks are suggested witbin several synclinal elements along the axis of the Medial 
basin. The southwestwvard extension of the Medial basin trend, coincident witb the western 
Gulf of Panama may bare potential as a future petroleum-producingprovince. A relatively 
thick marine stratigraphicsection sbould be present here, witb associatedparalic and deltaic 
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elastic rocks derived from acidic San Bias terrace since told-Miocene time. The occurrence of 
active shell bars in the Bay of San Miguel and present reef trends on the northern Caribbean 
coast suggest possible offshore sites for geophysical surveying. (Copyrighted by AAPG). 

This paper is an addition to the numerous papers concerning the radar imagery interpretation and appli­
cations of the Panamanian and Colombian border zones. Consequently, the reader should consult the 
other publications in order to obtain a complete picture. It contains numerous excellent radar images 
and discusses the operation of an imaging radar and the geology of the study area. Again emphasized 
is the point that the geologic data derived from the imagery was determined by surrogates - and there 
is a need for topographic or vegetal differentiation, relatcd to the geology, in order to properly use the 
radar for even reconnaissance geologic mapping. (Of course, the K-band radar has essentially no pene­
trating ability in the jungle environment.) 

WING, R. S. and J. C. MUELLER, 1976 

SLAR Reconnaissance, Mimika-Eilander.Basin, Southern Trough of Irian Jaya 

Proceedings of the NASA Earth Resources Survey Symposium: First Comprehensive Symposium 
on the Practical Application of Earth Resources Survey Data, Vol. I-B, pp. 599-604, Technical 

Session Presentations. Geology - Information Systems and Services. 

TM X-58168, National Aeronautics and Space Administration, Lyndon B. Johnson Space Center, 
Houston, Texas (NTIS N76-17502). 

From the Authors' Abstract: The SLAR was obtained in early April 1973 by Westinghouse 
for Conoco by means of an AN/APQ-97 K-band brute-force system. Tbe fligbt strips are 
all north-look, with ground range display, and 609 overlap. Tbe-interpretation was compiled 
on a 1/100,000-scale mosaic, but the actual mapping of contacts, dips, lineaments, and the 
like, was done on 1/100,000-scale stereo-strips. Initial regional mapping was intended as an 
aid in determining that part of the Southern Trough most likely to be underlain by relatively 
unmetamoipbosed paralic Kembelangan sandstones ideally interdigitated with marine sonrce 
and cap shales. SLAR reconnaissance mapping met a subsequent need to rapidly and inex­
pensively narrow the search to that part of the "Fairway" coincident wiith a favorable 
structure. The SLAR mosaic clearly displays the Irian mountains, strongly and gently folded 
foothills belts, and the Southern front of the fold belt south of which is a large complex of 

alluvial fans. The mosaic also shows various drainage anomalies in the alluvial covered area 
south of the gently-folded belt. Some of these are coincident with hillyareas and are con­
sidered as possibly indicative of reef draping or deeper structures. 

In this study area, which received approximately 5 m of precipitation per year, occasional data holidays 
were seen due to the heavy precipitation. The southern edge of the alluvial fan-complex was marked by 
ponds, whereas the northern apex was clearly shown by braided stream patterns. Other large drainage 
anomalies suggest underlying structure and may reflect a hingeline. The SLAR provided excellent display 

of fault and fracture lineaments. Use of the stereo-pairs of SLAR aided in the selection of possible 
seismic lines. The SLAR data, coupled with previous seismic data, has permitted the mapping of many 
anticlines and the alignments between anticlines. Registry of the SLAR stereo was difficult; vertical 
exaggeration was similar to what would be seen from 20,000 feet by the naked eye. The authors 
note that SLAR is a relatively inexpensive reconnaissance tool, and, although they do not claim it is 
superior to aerial photography, it was the best remote sensing data available and served its purpose well. 
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WISE, D. U., 1967 

Radar Geology and Pseudo-Geology on an Appalachian Piedmont Cross Section 

Photogrammetric Engineering, Vol. 33, No. 7, July, pp. 752-761. 

Author's Abstract: Vegetative and culturalpatterns are the most prominentfabric elements 
on side looking, K-band radarimagery of the AppalachianPiedmont along the Susquebanna 

River of Pennsylvania and Maryland. Geologic contacts appear as more subtle changes in 

topographicgrain, relief,or in changes in forest cover, field shape and orientation. Some 

dikes and small fracture zones stand out clearly as reflections from steep slopes, small gulleys, 
elongate meanderpatterns,and linear forest patterns. Other similar-appearing,prominent 
linears arepseudo-geologicfeatures caused by tree lines having bare trunks exposed to the 

view of the aircraft and orientationsof 10 to 30 degrees to the line of flight. Flight orien­

tation also causes anomalous radarsignatureof the city of Lancaster,Pennsylvania,with 
sections of town with streets at 40 to 50 degrees to the flight line yielding almost no radar 

return. (Copyrighted by the American Society of Pbotogrammetry.) 

A listing and identification on radar imagery and an accompanying map of 44 separate features (geo­

logical, cultural, etc.) emphasizes that radar imagery does not show all features equally well and is best 

used in conjunction with other data sources. 

WISE, D. U., i969 

Pseudo-Radar Topographic Shadowing for Detection of Sub-Continental Sized Fracture Systems 

Proceedings, Sixth International Symposium on Remote Sensing of the Environment, Report 
No. 31069-2-X, Willow Run Laboratories of the Institute of Science and Technology, The 
University of Michigan, Ann Arbor, October, pp. 603-615. 

Author's Abstract: Radar imagery of realtopography or photos of side illuminated raised 
plastic reliefmaps enhance many elements of linear topography,particularly those valleys 

with strikes at acute angles to the light source so that illuminationgrazes one of the walls. 
Dozens to hundreds of topographic Inears appearon all relief maps examined with scales 
from 1:62,500 to 1:1,000,000. They are commonly arrangedin six to eight strike sets with 

individual linearspersistingfor a hundred miles or more, the sets themselves continuingfor 
many hundreds of miles. Complex fracture networks occur with constant orientationsover 
vast areas of North America, Europe,and Iceland, some elements of the networks being 

correlatablewith known fault or fracture systems. The systems extend without change to 
the edges of continents, they extend unchanged acrossportionsof the Mediterranean;they 
are strongly developed on the youthful crust of Iceland; they are independent of local cur­

vatures and geometry of the mountain systems in wbcb they occur, they continue unchanged 
from the Appalachian region into the youthful CoastalPlain The relationssuggest tectonic 
heredity of older systems being propagatedupward through youthful covering sediments 
and/or manifestationsof near-modern stress trajectoriesof constantorientation over areas of 

at least sub-continentaldimensions. 

The shadow enhancement technique applied to plastic reliefpermitsrapid mapping of the 

linears over vast areas;the requirement of the same linearappearingunder a variety of 

lighting directionsprovides some control on operatorgeneratedpseudo-linears. The method 

may be a much cheaper and easier technique than traditionalphoto linearanalysis or radar 
linearanalysis The problems with illuminationazimuth and selective enhancement of 

certain linearssuggest the need for caution in radarlinearanalysis and in lunarphoto linear 

analysis. On the other band,radarflight lines could be designed to bring out pre-selected 
linearfeatures in a region by using the charts presented. 

Comparison is made between radar images and side lighting of raised relief maps, with emphasis on 

geologic analysis. 
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WITHINGTON, C. F. and F. H. JACOBEEN, Jr., 1973 

Possible Implication of Lineaments in the Atlantic Coastal Plain as Seen by Satellite Imagery 

Remote Sensing of Earth Resources, Vol. II, Edited by F. Shahrokhi, Tullahoma, Tenn., 
xv+ 1306 pp., pp. 981-996. 

Authors' Abstract: Foralmost a century there has been speculation concerning the presence 
ofgeologic structures in the unconsolidatedsediments of the Atlantic CoastalPlain, but 
because of the nature of these sediments, little evidence of any structural features can be 
seen on surface examination. Some faults have been reportedfrom strface exposure but 
theirextent could heretofore only be determined by extensive subsurface exploration. 

With the advent of remote sensing techniques of data gatheringthere is a definite possibility 

of identifying hitherto unsuspectedstructuralfeatures. Numerous lineaments,at least some 
of wvbc representingfault traces, have been recognized in coastalplain sediments on Side 
Looking Airborne Radarimagery (SLAR) and satellite photography. To date, only one of 
these lineamentshas definitely been identified as the trace of a fault, but furtherexamination 
will probably show that most of the other lineaments are also related to faulting. The large 
number of lineaments found by remote sensing suggests that faulting of the CoastalPlain is 
more prevalent than haspreviously been suspected. The one lineament proven as a fault trace 
shows up on a SLAR image of parts of southern Maryland. This lineament representsthe 
trace of a northeast-trendingreverse fault that extends from southern Charles County through 
PrinceGeorges County. Other lineaments that have been identified so far,appear on SLAR 
imagery of the eastern shore of Maryland and Delaware,and on Apollo 9 photography of 
Virginia and North and South Carolina. ERTS-1 imagery will prove invaluable in locating 
further lineaments. 

If the Ineaments discovered by remote sensing do, indeed, representtracesof faults, 
movement of the CoastalPlain sediments is more recent and of a different charactertban bas 
generally been recognized. The environmentaleffect that these movements could have on 
the future development of the Coastal Plain should be emphasized. A whole new concept of 
the structuraland seismic history of the CoastalPlain will resultfrom these studies-

Although one SLAR image from 1972 is included in the paper, there is no discussion of this image 
other than that included in the paper's abstract. 

WOLFE, E. W., 1966 

Radar Imagery: Salton S~a Area, California 

U.S. Geological Survey Technical Letter - NASA-29, Washington. May, 16 pp. (NTIS No. N70 
38937). 

Abstract: The San Andreas fault is marked by low bills near Durmid and linear tone changes 
along the northeast shore of the Salton Sea. Presumably, the tone change reflectsjuxtaposi­
tion of contrastinghtbologiesalong the fault. The contact between alluvium (dark) and 
Tertiary bedrock (light) is sharply defined along the edge of the Mecca Hills. (From Carter, 
W. D., 1969.) 
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WOLFE, E. W., 1969 

Geologic Evaluation of Radar Imagery, Caliente and Temblor Ranges, Southern California 

U. S. Geological Survey, Interagency Report - NASA-133, Open File Report, January, Washington, 
iv + 29 pp. (NTIS No. N69-16988). 

From Author's Conclusions: The prime factor controlling brightnessin the Carrizo Plain 
radarimages is slope orientation. Surfaces thatface the scannerat high angles are bright; 
those that face the scannerat low angles are represented by intermediate tones, those that 
face away from the scannerare black in the radarimage. Differences in radar reflection 
related to slope orientation are most distinct in the like-polarized (HH) images. 

Microtopograpbyexerts a subordinateeffect that is most distinct in the cross-polarized(-V) 
images. In the Temblor Range, the Santa Margarita conglomerate (relatively rough surface) 
is bright in the image, and the shale units (relatively smootb surface) are dark in the image. 

The radar used was K-band (approximately 1 cm). The paper includes two geology maps and 10 radar 
images. 
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Number Author, Date 

AD 274 155 Scheps, B. B., 1962
 
AD 624 887 Cameron, H. L., 1965
 
AD 638 919 Rydstrom, H. 0., 1966
 
AD 638 919 Leighty, R. D., 1966
 
AD 638 919 Ellermeier, R. D., A. K. Fung, and D. S. Simonett, 1966
 
AD 676 327 Dellwig, L. F., H. C. MacDonald, and J. N. Kirk, 1968
 
AD 676 327 Leighty, R. D., 1968
 
AD 698 346 MacDonald, H. C., 1969B
 
AD 701 902 Barr, D. J., 1968
 
AD 715 322 Wing, R. S., 1970
 
AD 724 118 Lewis, A. J., 1971
 
AD 736 309 Lewis, A. J., and W. P. Waite, 1971B
 
AD 802 104 Lundien, J. R,, 1966
 
AD 908 394 Raytheon Co., 1970
 

N 66 32469 Gillerman, E., 1967 
N 67 11854 Lundien, J. R., 1966 
N 67 36566 Gillerman, E., 1967 
N 68 23210 Keefer, W. R., 1968 
N 69 32799 Jeffens, L. H., 1969A 
N 69 13927 Reeves, R. G., 1968B 
N 69 16255 Schwartz, D. E., and R. D. Mower, 1969 
N 69 16255 Peterson, R. M., 1969 
N 69 16988 Wolfe, E. W., 1969 
N 69 25024 Snavely, P. D., Jr., and N. S. MacLeod, 1968 
N 69 28154 Simonett, D. S., 1968C 
N 70 38847 Christiansen, R. L., K. L. Pierce, H. J. Prostka, and E. T. Ruppel, 1966 
N 70' 38885 Sheridan, M. F., 1966 
N 70 38887 Williams, P. L., 1966 
N 70 38892 Irwin, W. P., 1966 
N 70 38893 Brown, R. D., Jr., 1966 
N 70 38894 Roberts, R. J., 1966 
N 70 38896 Tabor, R., 1966 
N 70 38899 Bateman, P. C., 1966 
N 70 38937 Wolfe, E. W., 1966 
N 70 38938 Johnson, R. B., 1966 
N 70 40311 Cooper, J.R., 1966 
N 70 41122 Walker, G. W., 1966 
N 70 41126 Hilpert, L. S., 1966 
N 70 41147 Hackman, R: J., 1967 
N 71 16126 Schaber, G. G., 1968 
N 71 16126 Dellwig, L. F., 1968 
N 71 33374 Richmond, G. M., 1971 
N 72 18356 Love, J. D., 1970 
N 72 29327 McCauley, J. R., 1972A 

N 73 12401 Norman, J. W., 1972 
,N 73 12406 Norman J. W., 1972 
N 73 89403 Swanson, D. A., 1966 
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Number Author, Date 

N 76 11811 Matthews, R. E., Editor, 1975 
N 76 17502 Wing, R. S., and J. C. Mueller, 1976 
N 76 29693 Dellwig, L. F., B. C. Hanson, N. E. Hardy, P. L. Hulen, J. R. McCauley, 

and R. K. Moore 
N 78 30635 Daily, M., C. Elachi, T. Farr, W. Stromberg, S. Williams, and 

G. Schaber, 1978 
N 78 33644 MacDonald, H. C., and W. P. Waite, 1977 
N 78 33645 Evans, D. L., 1978 
N 79 12268 MacDonald, M. C., and W. P. Waite, 1978 
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Fig. 1. 	 Cumberland Plateau, Kentucky, and Tennessee - Seasat data. This Seasat SAR 
L-band image of the Appalachian Valley and Ridge Province was taken in July 
1978 (orbit 407). Cover is mostly dense mixed deciduous and coniferous 
forest. Image is optically correlated and digitally mosaicked. Knoxville, 
Tennessee, and Tennessee River at lower left. Middlesboro, Kentucky, and 
Cumberland Gap at upper middle right. Abundant natural lineaments mostly 
reflect topographic slope change. Strong radar layover, especially at left center, 
occurs at slopes of 300 or greater. 
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Fig. 2. Cumberland Plateau, Kentucky, and Tennessee - detail of Scasat data shown in 
Fig. 1. Two Seanst-A orbits (407, 874) illustrate the effect of different look 
directions on the resulting optically correlated imagery. Especially in the area 
to the southeast of Norris Lake, this effect is noted where the ridges are 

strongly enhanced on Orbit 874 (looking across the ridges) and considerably 
subdued on Orbit 407, which looks along the ridges. 
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Fig. 3. 	 Aircraft radar imagery of the Los Angeles Basin. The Jet Propulsion Laboratory 
L-band (HH) synthetic aperture imaging radar was used to collect this image of 
the Los Angeles basin on May 25, 1977. A set of eleven flight fines, with a 
radar look direction of east or west (flight lines were oriented north and south) 
were corrected for geometry and intensity, and digitized and mosaicked using 
computer assistance. Many of the large dark gray areas are the result of the 
look direction of the radar and the street patterns. A discussion of this mosaic 
will appear in: Bryan, M. L., "The Effect of Radar Azimuth Angle on Cultural 
Data", Photogrammetric Engineering and Remote Sensing (to be published, 
Fall 1979). 
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Fig. 4. 	 VOIR radar simulations of the Flagstaff-Grand Canyon area, Arizona. This 
set of three images of optically correlated and manually mosaicked aircraft 
L-band radar data were obtained over the Grand Canyon, Arizona, during 
April and May of 1978. Two parameters of the radar output illustrate the 
effect of look direction and resolution changes. Resolutions of 25 and 50 
meters and look directions of northwest and southeast are illustrated. The 

data were collected using the Jet Propulsion Laboratory's synthetic aperture 
imaging radar. (a) Resolution, 25 meters; number of looks, 4; look angle, 
450 ± 5o; look direction, southeast. (b) Resolution, 50 meters; number of 
looks, 8; look angle 450 ± 50; look direction, northwest. (c) Resolution, 
50 meters; number of looks, 8; look angle 450 ± 50; look direction, 
southeast. 
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Fig. 5. 	 Radar image of the Riverside region (Southern California). Lake Perris is visible in the 

center right of the image, and the city of Riverside is in the center left. San Bernardino 

is in the top left center. City blocks and highways are seen. Highway 10 is in the 

upper left. The San Jacinto fault zone is across the upper right at the edge of the 

Badland Hills. Cultivation fields in the Perris Valley and San Jacinto Valley are visible 

on the right side. 

This image was acquired by the Synthetic Aperture Radar (SAR) aboard the Seasat-A 

satellite (orbit 1291), and was processed digitally at the Jet Propulsion Laboratory 

using the Interim Digital Processor (IDP). Current throughput capability of the IDP is 

approximately one Seasat-A 100 kni x 100 km frame per fourteen hours of processing 

time. Radar illumination is from right to left. The image covers an area of 32 km 

along track (left to right) by 36 km cross-track, and has a 25-meter resolution and 

4 looks. 
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