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ABSTRACT

This bibliography has been prepared for use ar 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 Dellwig, 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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"BIBLIOGRAPHY

{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
Photogrammetnc Engineering and Remote Sensing, Vol. 41, No. 2, pp. 167—176.

Authors’ Abstract: The effect of 1mage dissimilarities on terrain betght-measurement capabslities
of three stereoradar techniques for obtaining stereotmage pairs is compared by using computer—
generated ssmulated radar tnages Stmulated tmages are used because two of the stereoradar
technigues are not presently implemented. The steveoradar technigues ave: an improved single—
flight techmigue whick has been implemented. Improved stereoviewabilsty is observed for the
improved simgle-flight technigue as compared with the pre-single-flight tecbmque, and both
single~flight technigues are better than the previously implemented two~flight technique. The
improved stereonewability of the single-flight images results in terrain beight-measuring errors
which are only 59 percent as large as those for the two-flight technigue,

The “previously proposed single—fhight 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
anrennas physically oriented perpendicular to the bearns and consequently not carried along the side of the
aircraft as for SLAR. He shows thart 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 syntheuc aperture. The height measuring capabihity 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, etal., 1975.)

BARR, D. J., 1968
Use of Side-Looking Airborpe 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 report is concerned with the development and evaluation of
techmaques of utihizing side-looking airborne radar (SLAR) imagery for engineenng souls studses.
The primary objective was the development of a systematic SLAR image mterpretation tech-
mgue Secondary obectives mcluded an evaluation of methods for quanuficatton of SLAR
image textures and radar shadows.

SLAR tmages from a variety of physiographic regions withm the Umted States were evaluated.
Systems aperating at several wavelengths were vepresented 1 the study. Although none of the
SLAR fhghts were made during the course of this mvestigation, freld checking was performed
for several of the study sires.

The qualitative analysis of SLAR imagery consisted of the evaluation of the pattern clements
of itmage tone and texture followed by the mterpretation of land form and engmeering soil
types from intage patterns, A systematic approach to the evaluation of pattermn elements and
resuiftant patterns of dramage, topography, and local land surface condition was developed.

Quantitattve aspects of the project wcluded the generation of probability density curves from
SLAR umnages by means of a densitometer coupled to a muitichannel analyzer. Curve shape was
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charactevized by & number and correlated with visuaily defined image textures. In addition,
radar shadow measurements were taken from SLAR smages and correlated with a terrain rough-
ness parameter,

Major conclusions derived from this study include: (1) the interpretation of regional engineering
soil types from SLAR tmagery 1s posstble by means of an inference technique based on the re~
cogmition and evaluation of repetitive, unique patterns, (2) the extent to which inferences can

be made concerming locel land surface conditions such as local surface roughness or vegetative
cover is governed by the dyname range of tone values expressed on the umagery; a wider dynamic
range permits a more detailed mterpretation; (3) no evidence of significant microwave energy
penetration was found on the imagery used for this study; (4) the shape of probability density
curves generated from SLAR wmages 1s a guantstative measure of visual image texture; and (5)
radar shadow measurements obtained fromt hinear tmage scans ortented perpendicular to the
flight line can be empivically related to a terram macrovoughbness expressed by Fischer’s dis-
persion factor “K.” (Abstract from- Dissertation Abstracts Section B. Sciences and
Engineering Vol, 29, No. 8, February 1969. pp. 2864B-28658 )

BATEMAN, P. C., 1966
Geologic Evaluation of Radar Imagery
U.8. Geological Survey Technical Letter — NASA=27, May, 9 pp. (NTIS No. N70-38899).

Abstract: Geologic features, especially those related to volcanism and faultmg, have topo-
graphic expressions that can be readily distinguishbed on radar imagery. Certain rock types that
bave distinctive weatbering characteristics and drainage patterns can also be delineated. Radar
tmagery shows greatest utiltty in determming moisture distribution in alluvium It seems also
to have very great value locally in forest covered areas, because of an apparent ability to ‘see”
below the cover. (From. Carter, W. D., 1969.)

BEATTY,F. D, et al., 1965
Geoscience Potentials of Side~Looking Radar

Raytheon Autometric Corporation, Alexandria, 10 September, Vol. I, x + 99 pp., Vol. 11 114 pp,
(Prepared for NASA by U.5. Army Corps of Engineers under Contract No. DA-44-009-AMC-1040

(X).)

From Author’s Proloque: The report represents the combined efforts of a panel of radar m-
terpreters baving geoscience backgrounds, The autbors of this report bave assumed that the
readers will bave only a rudimentary background in radar theory and the process of radar -
terpretation.. It is the authors’ aim to present to the geoscientist the basic prmetples and
theones necessary to “'set the stage” for an appreciation of radar imagery and extraction of

geoscientific data from these reports. ... The authors feel that a word of caution is m ovder.
Publications dealing with image interpretation and containing many iHustrattons, as does this
ome, soon become mterpretation keys . . . either in thought or 1n actual practice. This report

15 not intended to be used as an interpretation key. Each image was selected to ilustrate a
type and kind of data contaned in the image and extractable by an interpreter. The reader,
perbaps baving a different background, is urged to exaniine the fmages in the hight of bis own
expernences to deternune for himself the extractability of additional information suttable for
bis own pursuits. ... The reader is advised that the smagery displayed in this report is from
prototype equipment and largely resulted from flights while the systems were undergoing
experimental evaluation tests. The potential user can expect higher quality imagery w the
future.



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 locare. In two volumes of large formar
(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 resumés 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 il consists of images and interpretation (acetate)
overlays. Although this work was done in 1965 and presents many images from instruments not entirely
operational, 1t 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 3 Ist Annual Meeting, Amernican Society of Photogrammetry, Washingron, 28 March
to 3 April.

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

Authors’ Abstract: One of the most impertant aspects of geologic and geomorphic mapping with
side-looking arborie radar (SLAR) fs the interpretation of the continuity of regional hthologic,
structural and geomorphic units.

Representative areas studies in parts of the Folded Ouachitas and in the Rocky Mountain Front
indicate that SLAR prowmdes an unusual opportumty for raprd regional geologic reconnaissance
and analysis  The relatively small-scale-large-area coverage afforded by SLAR records permits
continuous observation of trends not obtamable m conventional aenial photograpby without
extensive moseicking, (Copynghted by the Amernican Society of Photogrammeiry.)

"BERLIN, G. L., 1971

Radar Mosaics
The Professional Geographer, Vol. XXIII, No. 1, January, p. 66.

From the Paper. The apphcability of radar sensing in geograpbic research bas been amply
demonstrated during the past decade, Although mamy geographers are keepmg abreast of these
developiments, few are aware that three experonental radar mosates bave been compiled at a

1 500,000 scale by the U.S Geological Survey and are available for a nomunal fee. The mosaics
display Yellowstone National Park and the entive state of Massachusetts from east and west range
drrections,

Radar data for the Yellowstone project were collected by a Westinghouse K ~band system, and
only 10 vmage strips were needed to provide coverage for the 21 million acre park  Microwave
reflections from a complex landscape have produced sigmficant unage shadows. Consequently,
featwes such as fissures, faults, joints, lava flows, moraines, and stream terraces are easily
wdenttfied, The norvthwest-trending faults near the Lamar Riwer, joints south of the Obsidian
Cliffs, and lava flows southeast of Bechler Canyon are much more conspicuous on the mosaic
than on panchromatic photographs,

The two mosaics depicting Massachusetts were prepared to accommodate look-directson
experiments. A Motorola X-band umt was flown 8,000 feet above sea level, and backscatter
was intercepted from a 15.5 mile swath on both sides of the atrcraft. Coverage for a land and
water area approaching 13,000 square miles was accomplished by splicing 19 flight strips.



In addition to recording pbysical occurrences, the Massachusetts mosaics display considerable
cultural detml. Concermng the former, coastal features, glacial lakes, drainage systems,
drumims, fault blocks, and trap ridges are especially promnment. A prelmmnary exammation
reveals many topagraphic and structural relationships. Favorable dielectric and geometric
parameters make it possible to delmeate urban areas and certan transportation systems
because these phenomena are vespons:ble for bright energy returns. At the 1 500,000

scale, metallic objects such as ships tn Boston Harbor and even bridges crossing the
Connecticut Riwver are visible

Smzce radar wmosaics display laige areas sn a swall format, they 1epresent a complementary
tool for analysmg vanous regional distributions and relationships. Therefore, by using
mosaics a geographer can gain a vapid and comprebensive overview of a region. Al that
remams to satisfy this requirement is to have more mosnics made avatlable to the
geographic commumty, and if current trends are a barometer of the future, radar mosatcs
will be continually released by the U.S. Geological Survey. {(Copyngbted by Association of
American Geograpbers.) (See also  Berlm 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. Radar miosaics represent one of the latest remore sensing innovations,
and unlike photo mosaics, the data are unaffected by solar illumninarwe variations or
weather. Such complications are especially applicable to reconnassance surveys where
bioad overviews of the terram are needed. The image detail 1s sufficent for mterpreting
and mapping various egional morpbologic distrtbutions and structural relationships. Radar
mosaics can also be used as instructional aids for a variety of geologic discussions. Four
mosaics are currently available, three may be puwrchased from the U.S. Geological Survey
and one from the Raytbeon Company. (Abstract copyrighted by Netional Association of
Geological Teachess.)

A bref discussion of the operation of a SLAR system 15 followed by a presentauion of three radar
_mosaics (Massachusetts, Yellowstone Park, and Darien Province, Panama) together with ordering
information for securing copies of each mosaic. Some interpretarion for the images is offered. (Also
see, f}erlm, 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 Evaluarion Center, Civil
Aeronautics Administration, U.S. Dept. of Commerce, Indiznapolss, Aprl, 9 pp.

Authors’ Summary. Tins report describes a radar flight from Chicago to New York dunng
which tume several bundied pictwres of the radar indicator were taken wnth ¢ Farchild
Type 05-A radar camera. A number of vepresentative radar prints are mcluded together
with explanatory remarks and a discussion of the possibshites and limitations of navigation
by radar. The eguipment used was an AN/APS-10 3-cim awrborne search radar mstalled in
NX-300, a B-25] awplane



From Authors’ Conclusions: Radar navigation is considered impractical in areas wbere more
easily interpreted navigational facilities are available . . . . The possibility of making a
mistake over . . . areas of smular geography cannot be overlooked. In order to accurately
determine a location, several diffevent targets must be cross-checked. Attempts to navigate
by radar over uncertain territory should not be attempted without the aid of previously
prepared radar maps, preferably from actual radar photographs. Any discrepancies between
characteristics or operating conditions (frequency band, sensitivity, antenna pattern, range
scale, etc.), will complicate the problem considerably. Radar pbotography should be
carried out with the sensitivity of the radar turned well down. Adoption of radar solely as
a navigational aid on the basis of its search function alone appears unfeasible for 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..Arizona 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 Fundamenial Sedimentary Test Site in northern
Mobave County, Arizona, contains exposures of Itmestone, sandstone, conglomerate, and
thin layers of basalt. Structurally, the area consists of southeasterly dipping rock units
transversed by a series of minor bigh-angle faults, and a major low-angle normal fault .
The topograpby is moderate, much of the site being in a broad flat valley Because of the
arid weathering conditions, large detrital fans bave been developed in the valleys These
fans support typreal bigh desert vegeration. . . . Remote sensing arrcraft flights have
yielded pbotograpbs, imagery, and sensor data which, with detailed ground mformation,
provide an almost umque area m which to study the possible contnbutions of remote
sensing to geology. Radar, ultraviolet, photograpbic wfrared, thermal infrared, microwave
radiometry, and scatterometry are available for the site . . . . Two systems, the radar
and the thermal infrared, bave been compietely evaluated and are included.

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

1

U.8.G.S. Technical Letter — NASA4S5, August, 15 pp. (NTIS No. N70-38893.)

Abstract  Radar imagery along the San Andreas Fault Zone seems to enbance the photo-
graphic contrast between unconsolidated geologic umits and bedrock; thus, alluvium,
lacustrine deposits, landslide debris, and similar umts appear davk m tone, and contrast
sharply with more consolidated bedrock units. Different kinds of bedrock units, bowever,
are indistinguishable on the radar imagery except where such units engender a characteristic
form of topographic expression. The side-lookmng angle accentuates ropographic features,
particularly linear features that are patallel or obligue to the line of flight. (From:

Carter, W.0., 1969.)



BRYAN, M. L., 1973
Radar Remote Sensing for Geosciences: an Annotated and Tutorial Bibliogeaphy

Ann Arbor, ML: Environmental Research Institute ofMichigan, Ann Arbor, Michigan, 298 pp.,
ilus., 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.

CAMERGON, 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  High-definition radar scope pbotographby 1s investigated as a new means
for studying the carth's surface. The radar is installed in an R.A.F. V-bomber and operated
at approximately 41,000 feet; pbotographs of the scope are obtamed at S-minute mtervals,
providing adequate ‘‘stereo” overlap The radar photos resulting from flights over Gaspe
and Scotland are presented and discussed.

Aerial photography interpretation assumes “that all topdgraphy 15 a reflection of the underlying
bedrock geology moulded by the forces which have acted on 1t.”” The author points our thar when
elevations are less than 3000 ft, shadows caused by this relief are small and of httle consequence.
However, when the relief of the terrain exceeds approximately 10% of the aircraft altitude, these

shadows can be of great imporrance. Photography (35 mm) of a PPI scope illustrates the arncle.
(See other articles by this author.)

CAMERON, H. L., 1965b

Radar and Geology

Report 65-202, Awr 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 topographic mapping possibilities of radar bave been investigated
almost since vadar was developed. The geological interpretation of P.P I, scope photography
1s discussed with possible explanations for the geological expression of certain features



The example of radar ice mapping 15 given and the vadar geology of part of Eastern
Canada described.

The radar geology of Scotland is briefly described.

The application of radar photography to the study of geological structures 1s recommended
as a new and possibly umque method.

Study of 35 mm photography of a PP1 scope (using both center and sector scan) has yielded informa-
tion on several previously unknown faults in the Gaspé 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 PP1 photographs, znd 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.8. Geological Survey Research in Yellowstone National Park

Annual Meeting, Rocky Mountamn 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: Lwmnsted U.S. Geologieal Survey studies bave been pursuted mtermittently
for many years ;n Yellowstone National Park Duning the summer of 1965, a greatly
expanded program was begun, made possible through the cooperation of the National
Aeronauntics and Space Admunistration and the National Park Service Current work under
this cooperative program mcludes bedrock and surficial geologic mapping of the entire Park
unth attendant stratigrapbic and paleontological studies, geophysical studies mvolving gravity,
resistivsty, magnetic and setsnic surveys, including operation of a seismic network; tsotopic
studies, and a detaled study of thermal features.

US Geological Survey persounel are using these newly acquned data m the empirical
evaluation of aerial imagery obtamed over the Park to appraise possible geologic applications
of various rewmote sensing devices. Photographs, particularly color, have proved useful in
geologic mterpretation. Side-lookmg radar enbances certain geologic features generally
observable to some degree on aevial photographs, and bas the advantages of synoptic
coverage and an all-weatber capability. Thermal mnfrared imagery bas very hnuted geologic
apphcation excepr 1 areas of thermal actity  Further expenmentation with these and
other remote sensors is planned. (Copyrighted by GSA.)

CANNON, P. ]., 1972
The Application of Radar and Infrared Imagery to Quantitative Geomorphological Problems

Proceedings, Third Annual Congress on Remote Sensing in Arid Lands. Office of And Land
Studies, College of Earth Sciences, The Unwversity of Anizona, Tucson, Ariz., November, 379 pp.,
pp. 104—122.

From Author’s Introduction and Summary: The purpose of this study was to determine
how a detaled quantitative geomorphbic muestigation of an area could be supported by

radar and infrared imagery. The usefulness of radar imagery as a guantitative geomorphic
tool depends on the size of the area to be myestigated, the rehef, and the distribution of



vegetation. Although unclassified 1adar vmagery provides no quantitative mformation on
relief 1 areas hke Mill Creek, Oklaboma (the study area and an area of low religf), 1t does
provide useable arcal mformation for drainage basins greater than approximately 30 square
miles in area. Radar and mfrared 1magery can be used tn conjuncuion to counteract themwr
shortcomings, providing a new and valuable tool to the guantitative geomorphic
tnvestigations of dramage basins -

The study deals with real aperture (Westinghouse ?) dara obrained 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 availlable. No
information concerning the statistical comparison of this quantitative information is printed, although it
1s 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, Tullshoma, Tenn , March.

Author’s Abstract Quantitative geomorpbic data weve derived from awrbome radar and
thermal mfrared imagery of on area in south-central Oklaboma. These data were carefully
comipated and contrasted with quantitative data taken from a detailed topographic and
photographic study of the area, The usefulness of radar imagery as a quantitatve geomor-
phic tool depends on the size of the area to be mvestigated, the relief, and the distribution
of vegetation. Radar nuagery provides useable areal information for basins greater than

30 square miles i area. From the areal parameters, meanmngful elongation ratios, bifurca-
tion ratios, dramage denstties, and crenation vatios can be calculated. Infraied tmagery can
provide excellent geomorpbic information for small basins. The detail of the information is
dependent upon the altitude of acquisittion  Predrawn smagery can provde detmls of
channel-ways in areas of dense vegetation that cannot be seen on cevial photograpbs. It can
also prowde a means to make an extremely accurate inventory of surface water distribution.

CANNON, P. ]., 1974
Rock Type Discrimination Using Radar Imagery

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

Author's Abstract. Geologic mapping from radar imagery of the Wichita and Arbuckle
Mountans of southern Qklaboma mdicates that m areas of sparce to moderate vegetation,
certamn rock types can be readily discriminated on the vadar 1magery. They can be dis-
tinguisbed because the veturns of radar energy from rock outcrops arve strongly influenced
by the geometyy of the rock surfaces. The angular configuration exibited by the outcrop is
the nrost important factor in returmng the propagated vadar energy to an awrbomne recerver
The outcrop geometry can vary greatly between rock types due to the differences i gramn
size, vates of weatbering, and structwre. The scale of the outcrop geometry in relation to
the wavelength of the propagated radar energy is also an wmfluencing factor of mmportance.



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 1n the study area are considered to'®. . . provide the optimum geomerry 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 microrehef 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 Memorizal Symposium. Sioux Falls, $. D., 25-290CT76,
American Society of Photogrammetry, pp. 144—160.

Authot’s Abstract: A eritical landform 1s a physiographic feature, pattern of physiographic
features, or assembiage of such features, which 1s used to interpret geologic processes and
geologic features that have current economic importance. Natural vesources and the

natural environment are of current econowic importance in Alaska. Radar imagery bas been
acquired of portions of Alaska in order to supplement an information shortage about
environmentally inmportant geomorpbic features and asseciated natural processes The
unique ability of radar imagery to enbance subtle geomorphic features promdes tmfermation
on a perceptual level that bas, only recently, become available to scientists i Alaska. This
type of tnformation is forcing a major change in the interpretation of the geomorphie bistory
of Alaska. The geomorplic bistory 1s based on the construction of a chronology of geomor-
phic events. Current spatial information and sequential observations of much of the coastal
areas of Alaska are necessary to investigators, charged with making environmental evalua-
tions of these areas. Radar tmagery s the only remote sensing technigue which can satisfy
this mecessity because of the weatber conditions and the winter darkness of the Arctic, As a
vesult, significant scientific imformation about coasts, sea ice, and glaciers bas been recently
obtamed from radar imagery, which cannot be obtamed by any other remote sensing
techmaque. This mformation is being mapped, creating a reference by which possible
developmental smpacts can be evaluated

This paper presents a series of radar images (obtained from an nmdentified real aperture X-band system)
of several areas of Alaska. Little derail of the actual mapping 1s 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 Mapaspina
ice mass is unique and can be done only by wsing 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.

CRIGENAL PAGE IS
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Authors’ Abstract- Problems encountered while using air photos for soil mappmng in England
and Wales and the current programme of photo-nterpretation research n lowland arable and
upland areas are described. Imtial experience of colour aerial photography suggests that the
additional benefits gained are small. Plans for a trial of multispectral and thermal imagery
are outhmed.

Following a bnef discussion of aenal 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 1s 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 some 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 Letrer — NASA-86, ii plus 46 pp.

Author’s Preface. This annotated bibliography mciudes reports written as a result of
feasibility studies in remote sensing by the U.S. Geological Survey workmng in cooperation
with and funded by the National Aeronautics and Space Administration (NASA) ander its
Earth Resources Survey Program. These reports cover a span of three years, from meeption
of the program in late 1964 through June 1967. It is intended that the bibliography will be
periodically updated.

Comments on the usefulness and content of this bibliography or suggestions for future
revised and updated editions or supplements are mvited

The work, citing 19 radar references, is orgamized into several major sections defined by the wavelengths
of the EM spectrum used: (a) Photography, (b) Radar, (c) Inffared, (d8) Ultraviolet. Two additional
sections are applications of remote sensing and a hst 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: Preliminary studies of vadar tmagery in the Yellowstone Park area show that it bas
certain valuable uses 1n regional geological reconnaissance *Foremaost among these are its all-
weather capabiltey and wide arcal coverage. Geologic-features are best expressed by topo-
graphc irregulanties that include lineaments (faults and fractures), contrasting stream drain-
age patterns, and glacial deposits. Distinctive flow structures m the surface of rhyolite

Sflows enable one to distingush them from ash flows and basaltic lava flows, whereas
distinctive stream dissection patterns enable differentiation berween lava flows and ash

flows Imprecision and variability of scale are considered to be major disadvantages. Fur-
thermore, there is no apparent expression of grain size, 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.

Authot’s Abstract. A companson of side-looking aiborne radar (SLAR) wmages and black
and white aenal photos of similar scale and illumination of an area m the Mojave Desert of
California shows that aerial photos yield far more information about geology than do SLAR
images because of greater resolutton, tonal range, and geometric fidelity, and easier use in
stereo  Nevertheless, radar can differentiate some materials or surfaces that aenal photos
cannot, thus, they should be considered as complementary, rather than competmg tools in
geologic investigations

The most significant advantage of SLAR, boweuer, is 1ts freedom from the sirmgent condi-
tions of weather, date, and ume that are requived by small-scale aerial photos taken with a
specified direction and angle of illumination. Indeed, m low latitudes, SLAR is the only
way to obtain small-scale tmages with low llummation from certain directions, moreover,
 areas of nedrly contmuous cloudiness, radar may be the only practical source of
swmall-scale images (Copyright by GSA )

The ‘author also states, “The relative advantage of aerial photos will probably dimimsh as resolution,
planimetric fidelity, and tonal range improve .n future SLAR nstruments. Moreover, 1n 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 aenal 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 indicare 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 Bulleun, Vol. 84, No. 1, January, pp. 359—362.

No Author’s Abstract

This paper completes the discussion of an earher paper by Clark (1971) and a discussion by Dellwig
and McCauley (1973). The author contends that his original conclusions are not alrered by the discus-
sion. His approach, quite valid, 15 that SLAR 1s useful for much-geological work, but the usefulness
has not been as adequately demonstrated as some researchers would claim. SLAR and zerial photo
lustrations are included in support of the arguments. {(See also: Dellwig and McCauiey, 1973.)
COINER, J. C. and L. F. DELLWIG, 1972

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

Proceedings, Techmecal 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 onginally defined for photo
interpretation, only shape, pattern, and size bave dwrect parailels in the mterpretation of
SLAR imagery. This must be qualified by the systems hmutation (resolution) of the SLAR.
Tone, shadow and texture, crittcal in any type of interpretation, are bighly dependent upon
the remote sensing system being employed, and no direct parallel exists for these terms
between air photo and SLAR fmage analysis, In aenal photographs, these terms are descrip-
tiwve of the amount and angle of reflected solar energy, while in SLAR images, the

terms are descnptive of backscatter (snfluenced by frequency, resolution and depression
angle of the system) from the scene being sensed Therefore, terminology onginally
developed for one system (aenal photography) should be employed with extreme caution
to interpretation of imagery acquired by other systems, specifically SLAR. (Reprinted
from Proceedings of the 1972 Electro-Optical Systems Design Conference. Copyrght ©
1972 by Industrial and 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 attempling 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: Ouicrops of glassrich igneous rock appear as conspicuous dark spots on the
depolanized radar 1mage bur are obscure on the polanzed image and on aevial phorographs
Both types of radar imagery clearly outlined an ancient, previously unrecognized flood
plam.

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 processig to data sets from sensors operaung mn visible and microwave wavelengths as
an ad to discnminating surficial geologic units

Side-Looking Airborne Radar (SLAR) images acquired by JPL and Strategic Air Command
systems and visitble and near-infraved LANDSAT imagery were applied to studies of the
Quaternary alluvial and evaporite deposits i Death Valley, Califorma. Unprocessed radar
imagery revealed considerable variation m microwave backscatter, generally correlated with
surface roughness.

Indmwndnal 1mages were registered to a common geographic base by first manually selecting
an array of tiepoints and then geometncally distorting the tmages in a computer The
registeved tmages were ratioed, picture element by picture element, then contrast-stretched
to enbance the spectral differences,
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For Death Valley, LANDSAT imagery is of hmited 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, radar returns are most strongly dependent on surface roughness, a property
more strongly correlated with surficial geology than is surface chemistry. While no single
radar band-is capable of separating all the surfuce units, use of 1wo frequencies. (1) X-band,
A= 3 ¢m and (2) L-band, N = 25 cm, and two polarizattons (1) vertical-transmit,
vertical-receive (VV) and (2) vertical-transmit, borizontalreceive (VH) permits complete
separation of all umts except the two younger gravel units (Qg3 and Qg4 and the enfant
terrible of the study, the floodplain (Qf). By including any one LANDSAT band, 12

and Qg;; become distinguishable, while Qf remains intractable

Microwave scattermg mechanisms m the Valley mclude specular reflection, diffuse
(depolarizing), multiple scattersng, 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 detaled with the descriptions of
the various surfaces encountered in Death Valley. Although the datz were digitized, and therefore it
was possible to present the images in an (uncalibrated) quantirative way, the authors chose to discuss
the radar image brightness as “estimated by eye.” This seems to have reduced the purpose of digital
1magery to registration only. The bulk of the paper deals with presentation of the geologic scene and
discussion of the registraton techniques used. In this respect, especially for the latter, it is an
exceptionally tutorial paper.

DAILY, M., et al., 1978b

Discriminaton 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: Stmultaneous analysts of dual frequency and dual polarization
radar imagery of a portion of Death Valley, California, bas yielded a nearly complete dis-
crimination of surficial geologic units, Radar imagery i the like polarized L-band and
crosspolarized L-band and like polanzed X-band were digitally combined and ratioed to
enbance the variation in the backscatter cross-section of the different geologic units, In
the case of Death Valley, the vanation between the different geologic units is clearly
reflected m the surface roughness or particle size  These, vt 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 discrere scatrerers, the like-
polanized-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 1s quite dry. Such
a situation is observed in Death Valley, Calif. Unfortunately, the system of citation used in the text 1s
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-Steree Radar
Photogrammetric Engineering, Vol. 35, No. 5, May, pp. 446-452.

Authors’ Abstract: Two monescopic radar tmages of the same area of terrain can be used for
measurement of regional slopes. By measuring the lengths of indwudual slopes on each of the
fmages, 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 area or
both from the same side. Accuracy for indvoidual slopes is faiv, but for vegional mean slope-
the aceuracy is bigh ‘Compensation can be made for apparent slope, and ground range or
slant range display systems. (Copyrighted by the Amencan Society of Photogrammetry.)

D]-ELLWIG, 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 defimtely has advantages. Using X-band (3.2-cm) brute force
radar with a range resolution of approximately 15 m and an azimuth resolution of 208 m at 90 km, the
authors were able to detect lineaments which were not detected on either low altitude (1:20,000) zerial
photography or from low-flying aireraft or ground observations. After citing some data which 1s -
terpreted as showing the lack of influence of varmg precipitation rates in the study area, they state that
both the wavelength and the variations in evaporation may be excluded as major factors affecring the
radar backscatter. Scale is considered as one of the major significant factors 1n 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 km on each side of the awcraft). 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 Simultancously Produced Like- and Cross-Polarized Radar Imagery
Joutnal of Geophysical Research, Vol. 71, No. 14, 15 July, pp. 3597-3601.

Authors’ Abstract: Westmghouse tadar (AN/APQ-97) was used in the manity of Pisgab
Crater, Califorma  Four polarization combinations were available The combination of terram
slope, polanization and look angle of the radar both cbscured and enbanced the contacts of
various rock and sediment umts The suggestion is made that surface roughness vather than
contrasting hithologies may be the controllng facter m the depolanzation 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, Housten, September, pp. 14-1 to 14-25. (NTIS No. N71 16126.)

No Author’s Abstract.

“The purpose of this presentation 1s 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 usefuiness 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 grearest significance. Several examples are
given: Darien Province, Panama; Cane Springs, Arizona; Pisgah Crarer, Calif.; together with some ad-
ditional work in the Wasatch Range, Utzh and the Boston Mres. of Arkansas. Generally, linears not
visible on aerial photemosatcs 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 . . . 15
not its penetrative capability or any other single factor per se, but 1ts unique rotal 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) distoruon 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 evaluanon of the remote sensing system as a whole.

A 25-page appendix documents the paper with illustrations of the discussed imagery and statcments 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 Meeung, 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 radar for limeament detection bas been demonstrated 1n a
number of studies and in a variety of terratns Although hineaments are generally better
defined on radar mmagery than on conventional aevial pbotographs, questions bave arisen as to
the degree of dependency of radar-hneament detection on look-direction.
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An experiment was conducted in the Boston Mountans of Arkansas utilizing eight different
imaging passes over the same geographic area by a K-band side-lookmg radar with all terrain
and operational parameters, except look-direction, beld nearly constant during the over

fhghts. Results of this study must be considered applicable only for terrain similar to that
of the Boston Mountains.

This study indicates that, to some degree, look-direction of the radar system does influence
the radar recording of radar hmeaments. However, the mfluence of lock-direction 1s not
sufficient to invalidate the use of yadar imagery for hmeament studies, or to veguire multiple-
imaging passes over a terrmmn im order to vecord major meament 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 tume, side-looking airborne radars (SLAR) are most
aseful to the geologist for regional studies of remote, previously unmapped areas. Imaging
radar systems may ultimately be most valuable for conducting regtonal mvestigations, but
areas requinng detaled mvestigation can benefit from SLAR’s unigue ability to present
certamn types of data. Regardless of the nature of the study, dual-polanzation vnagery bas
proven the most effective m geologic investigation.

In regronal studies, radar should be the primary, and in some instances may be the sole
sensor. The value 15 best demonstrated in areas where pbotographic coverage is not possible
(or feasible} and where ground wnvestigations are difficult or impossible. Gross structural
patterns me well-displayed on SLAR imagery because of the radar's capability to continu-
ously image wide swaths of terrain. Such a use takes maximum advantage of the relatively
low resolution, wiich suppresses distraciing and redundant detasl. SLAR is especully valu-
able in the detection of regional-scale imeaments, and bas demonstrated itself superior in
most instances to aenal photography for such studies

In detailed studtes, the significant contribution of radar hes primardy m the detection of
subtle changes of hthology In some mstances lithologic changes appear to be directly
responstble for 1solating anomalous areas, In other cases, the delneation of rock type may
be achieved indirectly from radar tmagery through examination of fracture textures, patterns
of weathering, topograpby and vegetation. The full geclogic sigmificance of SLAR systems
bas not yet been demonstrated, bowever, 1t 15 anticipated that the value of radar to the ge-
ologist wrll be greatly enbanced when tmproved multi-band and dual-pelarzation systems
can be utilized to obtain geologic data. The value of long—wavelength vnagery will be real—
1zed only when it 1s produced ssmultaneously with X- or K-band wmagery

The emphasis i this paper 1s the use of radars for regional geological exploration. No quanutauve data
are included, but several good images are given to illustrate the discussion. The azuthors warn against the
“variety of baseless or ungualified claims regarding the value of radar” for use in geological (and other)
work,
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DELLWIG, L. F., 1969
An Evaluation of Muldfrequency 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 Pisgah Crater test site bas been imaged by several different radar
systems Although simultaneous imaging by K-, C~, and P-band radars bas not been
realized, cautious companison (recognizing the mfluence of vanations in system and surface
parameters) of available, nonstmultaneously recorded wmagery point to the value of stmul-
taneons wmaging by long and short wavelength systems. The nmagery evaluated has well
documented the wavelength dependence of the return signal from some cultural and
natural phenomena Variations in return were primarly a function of surface roughness
although some penetration by long wavelength vadar was 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 rtable facilitates the comparison of features
indicated on accompanying imagery with the different radar bands. It appears thar 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: Ellermeier, R. D., D. 5. 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-tine imaging of Darten Prownce, Panama, and the subse-
gquent analysis of the imagery by geoscientists indicated a great potential for side-look
radar as a reconnaissance tool i many areas of earth study, particularly where climatic
conditrons are adverse to aenal photograpby Evaluation of additional radar imagery from
other environments bas demonstratéd the reality of this potential Rapid, all-weather
1maging and the resulting synoptic, ground-range presentation pomt to radar as a valueble
first-look tool. From acquisizon-scale imagery or from an easiy assembled mosaic, relief
and slope data can be obtained, dramage patterns and basins can be accurately defined,
and bedrock geology, surface matenal, and vegetation studses can be conducted. Struc-
tural configuration of bedrock and fracture patterns can also be determmed with a ngh
degree of accuracy. Utilizing the dual-polarzation capabiity of radar perimts, in addstion,
the qualitative determination of soil moisture content and may provide added vegetatron
data. The charactenstcs of the radar system as well as the factors that influence radar
retum should be known by the user not only for interpretation but also for mssion
plannng. The ability of side-look radar to rapidly acquire data under all-weather con-
ditions offset the limitations of the relatwely bigh cost for small-area surveys and a
resolution capability less than that of the aerial photograph. The prume value of radar is
reaitzed from 1ts synoptic presentatton mn 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 refleg,t 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 picayvune. (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 Belvorr, 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 bibliography of articles, papers, and reports dealing with
the application of imaging radar systems to the geosciences has been prepared to meet

the needs of both the potential user of radar tmagery and-the researcher in the field of
tactical terrain analysis.. To aid the wmnitiated, the principles of imaging radars are de-
sertbed tn an introductory section. Following are bibliographic entries that have been
prepared for those pertinent publications produced since the earliest days of wmaging
vadars up to the present iime (May 1975) When avatlable, the autbor's own abstract bas
been reproduced; in other cases, summaries bave been prepared by the reviewer of the
entry. In many cases, comments of the reviewers arve included to point out publications
of major importance, to underscore significant conclusions, and to expose those con-
clusions that are unfounded based on the research described. When actual radar imagery
bas been used in a pubheation, the location and date of the imagery as well as the system
that acquired it are noted in the biblographic entry. Author affilitiations at the time of
publication are also included in a separate section. An exbaustive cross-reference index
bas been prepared to aid s identifying those papers that are even in a small part pertinent
to any geoscience disiphne, system parameter evaluation, or fimaging radar system.

DELLWIG, L. F. and J. E. BARE, 1978
A Radar Investrigation of North Louisiana Salt Domes -
Photogrammetric Engineering and Remote Sensing, Vol. 44, No. 11, November, pp. 1411-1419.

Authors’ Abstract: An unaging radar nussion over the North Loufsiana Salt Dome area
was designed to explore the possibility of providing terrain data concerning faulting as-
sociated with solution collapse and/or upward movement of the salt as well as domng
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over the salt mass atself. To maxtmmze the possibilities of data acquisition, the mussion
was flown to provide orthogonal looks at minimum depression angles in order to accentu-
ate the nunimal terran velief m this area. However, terram slopes (generally less than
depression angle), vegetative cover, and lack of expression of structure provided a surface
envivontnent from which structural data could not be extracted m spite of the bigh
quality of the imagery

An X-band (12-meter resolution) system was used to obrain 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 vegeration can be discriminated (pines vs broadleaf) 1n that the broadleaf has
a stronger backscatter. $everal domes and ‘anomalies’ (suspected salt domes) were seen on the imagery,
primarily through the vegetation patterns. The authors concluded that “radar 1s basically a reconnais—
sance tool.”” Also, they conclude that the fact that radar was not suitable for dentifying structure

" associated with the salt domes does not argue that radar cannot be effective in other-investigations.
Additional analysis of the vegeraton patrerns and overall organization would have greatly improved -this
publication.

DRAKE, B., 1972

Applications of Side-looking Radar 1o Geologic Investgations

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, Seprember, x + 91 pp., pp. 68-79.

Report Abstract: A study of the role of remote sensing for geologic veconnaissance for
tunnel-site selection was conpmenced For this study, remote sensing was defined as
ultraviolet to thermal infrared multispectral scanning, X— and L-band synthetic aperture”
radar, and aevial photography. Data from these sensors were processed and evaluated n
terms of thewr complementary use. In addition to general geologic mterpretation and
evaluation of remote sensng, specific work was performed to 1mprove the state of the
art and thereby contribute o better geologic mterpretation. Qur areas of study
included (1) umage rattomg to mdicate 5103 and tron oxude content, representing the
final step toward compositional (or hibelogic] remote sensmg in geology; (2} the analy-
sis and processmg of remote sensing data from a glacial drft regron for which level
sticing, ratiomg, and multichannel statistical pattern-recognition-of multispectral data .
were employed, also, the correlation of thermal vanation seudies, aenal photographs, and
radar imagery to obtain information on soils, geology, and hydrology; and (3) the
analysis of rwo-frequency mulupelanzed radar 1magery in terms of its capabihty to
delineate geologic features This report can be used tutonally on the data processmg
and basic mstrumentation-of conventional remote sensing. Future research directions
are suggested, and the extension of remote sensing to mciude airbome passive micro—
wave sensor systems, magnetometry, gamma—ray sensors, gravimetry, and awborne elec—
tromagnetic soundmg systems is discussed

This portion of the larger paper is essenually a short review of the use of SLAR in geologic interpre-
tation of the terram. The various aspects of the terrain as they affect backscatter are mentioned. Two
features of radar inrerpretdtion seldom discussed 1n 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 the enhancement of geologic features by
vartous types of opdcal processing.

The development of an analog~to-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 Imagery of the Coal Mining Area of Buchanan County, VA

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

Authors’ Abstract. An analysis of the geologic structure of an area of Buchanan County,
Va., was made by the Bureau of Mines using tmagery from an airborne AN/APQ-97 stde-
looking radar system to evaluate the mapping technique for a"elmeatf?gg structural
features that may cause ymning problems. Side-looking airborne radar (SLAR) was found
to be a useful remote sensing rool for geologic structural analysis. Fault and jomt systems
identified by meaments and linear patterns in the imagery were verified by surface and
n—mine observations. Little Paw Paw fault was extended 10 mules by SLAR lineament
analysis A 22-mile fault, heve named the Bishop-Bradshaw Creek fault, was mapped by
lineament analysis and verified by observations of the fault on the Bishop Coal Co. nune
map and on offset patterns of commercial gas production along the fault, and surface
observations of lineament along the fault. Three major superimposed joint sets and
several fault ot fracture zones were identified by SLAR lineament analysss, showing more
complex structure than earlier mapping indicated. SLAR imagery accurately delineated
structural features that are known to affect gas migration and accumulation and that
weaken the rock forming the immediate room to mine workings, causing mining problems
and potentially bazardous environment in the mines.

Twa 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) techmques, 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/VA/WYV area is presented. With respect 1o 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 mnvestigations based on
SLAR analysis. Itis 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 gmde 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 'Empiric;ﬂ 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 Insutute of Science and Technology, The University of Michigan,
Ann Arbor, Apnl, pp. 657-670 (NTIS No. AD 638 919).

Authors’ Abstract. Frterpretatton of radar backscatter veturn 15 rapudly gainming prommnence
as a valuable adjunct to the earth—scientist’s interpretive tools. Experiments using auwcraft—
borne polypolarization vadars bave shown that terram phenomena me identifiable and that
wferences, at least, may be drawn as to the compositional nature of these pbenomena.
Such interpretation has been largely subjective to date due to the lack of analytical tech-
niques for the prediction of the effect of terrain depolartaation on the radar return  Re-
cent theoreticel work at the Umwersity of Kansas (CRES Report 48-5, 1965) has shoun,
however, that to a first order approximation.

(1)  the direct polanzed backscatteved radar signal 1s proportional to the product of the
appropriate Fresnel reflection coefficient and the sum of the cosine of the angle of
incidence and a slope term measured along the terrain profile in the plane of mcidence,
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(2} the cross polarized backscattered radar signal is proportsional to the product of the sum
of the two Fresnel reflection coefficients and the slope measured along the profile
perpendicular to the inadent plane,

Thus, a measure of the surface roughness may be obtained by proper instrumentation of the
direct and tross polarized components of the signal return. This development is unigue 1
that the cross polarized as well as the direct polarized return components are explicit in the
formulation.

Empirical evidence supporting the theoaretical study bas been obtained from analysis of
multiple polanization imagery using single frequency direct and cross polarized vadar data.

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 normat to the incident plane and the like-polarized term is relatively greater where
the terrain slope 1s 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. ¥. DELLWIG, 1967
The Use of Mult-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 tllustrates the use of radar image combmation and enbance-
ment technigues for the discrinunation of terrain characteristics usmg multple polanzation
radar smages. Examples of these technigues used both for agricultural and natural vegeta-
tion discrinunation ave described and discussed Also shown are examples of the effects of
variation of radar wavelength for the discnmination of geologic pbenomena

Parameters considered are (1) frequency, {2) transmitted polarization, and (3) received polarization. A
brief description covers the unage discrimination and enhancement equipment as well as the color dis-
play equipment used. With respect to discriminating crops and natural vegetation, the followmng is
stated: “‘Radar has demonstrated that it can derect 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 ar that time in the elementary stages, but said to be very promsing.

A second portion of the paper deals with geologic studies in the Pisgah Crater area, California. Dara
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 2 combination of mounds of
sediment around the bushes and penerration 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 1magery 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 15 unfortunate that the color pictures referred to could not be reproduced.
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ELLISON, J. H. and L. O. 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 Institure Technical Report No. 7, East Tennessee State University, Johnson City,
34 pp. {Contract: Office of Naval Research: N00014-67-A-6102-0001.)

Authors’ Introduction: The purpose of thns paper 1s to evaluate the feasibility of using a
parameter of topographic expression that can be measured on a radar image, as an indicator
of differing sedimentary rock types. To do this, the authors studied the radar images of

& areas of southern Tennessee and compared the valleys, per unit area, as measured thereon
to the existmg topographic end geologic maps . . .

Authors’ Conclusions: (1) Discrimination of sedunentary lithologies m a buwmid clhimate by
isoplething average number of valleys wtercepted by the six radii of bexagonal cells on grid
overlays of a radar image 15 not possible with any degree of certamty. (2} The average
number of valleys per unit area as measured on radar images of eight areas in the physio-
graphic provinces of Tennessee does suggest underlying sedimentary htbologies because
there are more valleys per unit area on relatively impermeable clays and shales than on
more permeable sandstones, limestones, dolowites, and alluvium. It follows, where adjacent
sedimentary rock units are sufficiently different in bithology, that this method can be used
only as an aid to discriminate rock units

See also: Williams, L. O., 1968, 1949.

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’s Abstract: A quantitative determination of the effect of viewing angle on the
detectability of topographic Inears in radar smagery 15 presented. Variations of azumuth
and aspect angles of an imaging radar antenna relatwe to a tepographic linear were simu-
lated using low-angle dlumination of controlled linear features on polystyrene sheets, The
several model surfaces represented idealized versions of surfuce types that may be expected
in areas of geologicinterest. Fourier transform spectra of the radar image simulations were
obtained using a coberent-optics system. These spectra were found to correlate with a
detectability factor obtamed directly from the radar image stmulations, Fourier transform
spectrz of a linear feature observed from multiple viewing angles by a K-band imaging radar
were also obtained and a detectability factor was estimated which agreed closely with
theoretical predictions,

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

The praciical 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 Calderz, Iceland

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

Author’s Abstract: Surface roughnass spectra of nitne radar backscatter unts in the Askja
Caldera region of Iceland were predicted from computer-enbanced like- and crosspolanzed
radar images. A field survey of the caldera was.then undertaken to check the accuracy of
the preltmnary analysis, There was good agreement between predicted surface roughness of
backscatter units and sturface roughness observed wm the field. In some cases, varutions in
surface roughness conld be correlated with previously mapped geologic units.
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This paper, consisting of four major sections (geologic setring, radar images, computer image processing,
and radar response to surface materials} is primanly 2 description of the basic processing of radar images
{(LHH, LHV) of 2 volcanic terrain. Nine backscatter units of the volcanic terrain were ideniified 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 1s 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 backscatter (in dB) to the roughness of the surface has a decided knick-
point. This is a resulc sumilar to that described for Peath 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: Conventional radars can garber terrain information often densed other
sensors while automatcally performing a concurrent analysis of the date collected. Addr-

tional values are the nearly all-weather capability of radar, the relatively large-area coverage
posstble, and the trend toward geodetic accuracy of PPItype displays.

K, -band terrain reradiation curves demonstrate bow 1n World Warr II the subject use of
radar could bhave precluded an unnecessary loss of lwes. The casualties resulted from the
inability of aenal photograph to penetrate dense vegetation. Some X- through K a-band
reraduation data show rader’s ability to interprer surface textures, moisture content, and
snow cover for trafficability purposes and texture and composition for civl engineermg
and geologic purposes.

5
In all these applications, radar is stressed not as a panacea for terramn analyses but as a
heretofore somewbat neglected valuable adjunct to other means of mformation cellection.

FEDER, A. M., 1960a
Radar Geology

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

Author’s Summary

(1) The purpose of this research was to establish that terrain components can generate
consistent, charactenstic electromagnetic reradrations (Section I)

(2)  Most of this research was to be done by means of a field work phase, the purpose of
which was to make a controlled study of some natural rock outcrops that are ideally
situated for qualitative terram veturn analysis (Section IV A and B)

(3)  In order to have value for apphcation, the reradiations bad to be proved a function of
factors such as marerial chemistry, for example, as well as surface texture (Section I).

(4)  The apphcation of such reradiation data n all of its rammfications 1s berein entitled

Radar Geology. Practical aspects of a successful rader geologic scrence are gven
(Sectson 1 B-D).
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(5} Radar Geology is not a new concept. It bas, in effect, been unknowmgly performed
for many vears (Section IIf A and B)

(6)  Results of the field work, though it was a restricted program (Section IV D) indicate
that consistent, characteristic returns can be obtamed from a controlled radar source
(Section IV C).

(7) A particularly interesting conclusion 15 that a rock’s chemistry can be of greater
influence in controlling reradiation amplitudes than the rock’s surface texture
(Section 1V, D, 1).

(8)  The findmgs of other investigators dicate that the results of this thesis” field work
are not unique (Section V). For example, the vequirement that in practical applica-
tions the reradiation amplitude from a substance need remain constant over a wide
range of aspect angles (Sectzon V, B, 1), is demonstrated as capable of bemng 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 1s made that radar geology is a practical science (Section V, C, 5) and that
the purpose of this program was satisfred (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 acquiring tevramn
data A siguificant capability n such apphcation stems from radar providing its own -
nunation. With contiol of the energy propagation factor, terrain information is to some
effect automatically mterpreted by the electronic process leading to display.

The display content 1s strongly controlled by radar energy’s ability to penetrate terramn as
well as to discriminate among surface conditions The penetration data grwen and the related
reradation amplitudes emdence bow subsurface composition and conditions, such as moisture
and metallic contents and temperature, can be determmed by radar. Reradiation graphs are
also used to demonstrate the derwation of information concermng the veneer on the terrain,
such as gravel sizes, and the water content of snow.

Some simple mterpretations of PPI scope grapbics are possible AN/APQ-13 displays are
interpreted geomorphbologically. An AN/APQ-23 frame is mierpreted for veneer textures and
a stdelooking radar display reveals stratigrapbic data, land-use detail and offshove mformation.

Ant advantage of the former two radar types is shown 1n the area coverages possible per
display photograph (e.g , 2700 square miles) while automatically retaimng some element of
geographic-control The development of bigh-resolution, sidelooking radar 15 tending roward
geodetic-control accuracy but sacrifices the extensive area coverage capabtitty, Therefore
trade-offs such as these, and dependence of display interpretation on data from other
sources mdicate radar is a valuable complement to other sensors, not a substitute for them.
{Copynghted by the American Society of Phorogrammetry = Reprinted by permission )

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

{1} To read compositions and conditions below the visual rocks and soil surface of the terram.
(2) To penerrate vegetation to read subsurface informauion.

(3) To determine the textures of eerrain surface matenals.

25



(4) To determine moisture content of terrain.
{5) To determine temperature of terrain material, given the moisture content.
{(6) To read the merallic 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 capabilides, 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 opuimistic 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 0il, 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 2 brief discussion of the nature of rock
porosity and its effect on radar return (i.¢., the dehydrated rock could be expected to attenuate radar
energy more than would irs 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 material 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, Motordla 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 engineering geologists and

engincers m determining the applicability of airborne remote sensing systems mn the detec-

t1on and identification of geological features that may affect the design of the Butler Vailey

Dam and Blue Lake Project. Primary objectives are

(1) To refine the location of known regional faults and possibly detect previously
upknown faults;

(2)  To determine the presence or absence of a regional fault and fracture pattern that
may be related to that found locally m the vicinity of the project;
A -

(3)  To assist in defining landslides-existing along the proposed relocated road; and

(4)  To evaluate the applicability of mdrwidual sensors for future use by other engmeers
and geologists
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Airborne remote sensor coverage m this study is unusually complete, they melude

(1) multiple scale metric, multiband and infrared photography, (2) thermal infrared imagery,
(3) side-looking airborne radar imagery, and (4) LandSat-1 imagery, The application, inter-
pretive results, and concluding vemarks berein on the utility of the varipus kinds of imagery
pertain almost exclusively to the detection of geologic structures featured in a tree-covered
environment.

Relatwe to the stated objectives, Radar revealed substantially more regional and local geo-
logic structural detail than any of the other systems. Radar’s ability to perceive minute
topograpbic and geologic features les primarily m its unigue format which tends to
supress vegetative detail, and its low obligue-illumination angle which accentuates these
features Additionally, the small scale synoptic view of Radar imagery allows the investiga-
tor to recogmze discontmueus or intermittent fault traces for what they really are. On
large-scale imagery, these features are often misinterpreted or overlooked entirely,

Radar-air photo combination was found to provide the most accurate and complete informa-
tion Although most of the subject geologic structural features could not be recognized
directly from air photos in this study, they were used extensively to field check the exis-
tance and location of features identified on Radar.

The radar imagery was acquired by the 184th Military Intelligence Company {Aerial Surveillance, Fr. Lewis,
Wash.) using an X-band APS/04D real aperture system mounted in 2 QV-1D Mohawk zircraft. The work
was sponsored by NASA and U.S. Army Corps of Engineers (San Francisco District). Some excellent
imagéry of the northern California study area is presented.

GELNETT, R. H., L. F. DELLWIG, and J. E. BARE, 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. 111, pp. 2205-2215.

Authors’ Abstract: The' unique capahility of side lookmng airborne radar m recording terrain
data essentially regardless of daylhght or weather conditions bas been sufficient justification
for 1ts utilzzation in cloud shrouded areas throughout the werld, particularly when there is a
entical time factor or a need for specific seasondl coverage. In geologic exploration, RADAR
mmagery bas often been considered for utilization only if LANDSAT imagery or aerial photo-
graphs are not avaable. However, imaging in a segment of the electromagnetic spectrum
other than the wsible and near mfrared portions should be expected to provide mformation
supplemental to other kinds of imagery.

A companson of LANDSAT and RADAR images in several areas substantiates this
expectation Specifically

1. Because RADAR senses microvelief or surface configuration and dielectnic properties
of vegetation rather than degree uof vigor es in near infrared. wmagery, any nital
classification 1s supplemented and a level of discrimmnation not otherwise obtainable
1s realized.

2. Linear and curvilinear geologic elements identsfiable on both LANDSAT and RADAR
imagery can be more precisely defined on RADAR unagery. Furnthermore, even
some major hnear features may be well' defined on RADAR 1magery although not.
wdentsfiable on LANDSAT wmagery. Definition is largely a function of finer 1esolution
and to some lesser degree shadowing.

3. Drainage networks may be more accurately located on RADAR imagery and networks
may be expanded to include lower order streams than those identifiable on the
LANDSAT image. Such-umprovement is primarily due to contrasts in the canopy
configuration or microrelief of 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 simultanecus, Landsat data are not available. The
paper emphasizes 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 (relicf)
features. '

GILLERMAN, E., 1947
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 areas of volcanic rocks, mostly in the southwestern
United States, exhibit differences in radar return on simultaneously produced kike-polarized
and cross-polarized K-band radar ymagery. Prelinmnary mvesugations bave failed to afford
conclusive proof that this 15 due to the glass content of the rock. Roughness, degree and
type of vegetation cover, and perbaps age of the rocks may be contnbuting factors. Addi-
tronal anvestigations, mcluding microscopic studies, now underway, will be necessary to
deternune more accurately the subtle effects of mmneral composition, texture, and glass
content on vadar veturn.

For areas of volcanics in Arizona, California, Oregon and Yellowstone National Park, the author notes
that despite suggestions that the glass content of voleanics 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 httle or no imporrance. (See: MacDONALD, et al., 1969, for an alternate view
concerning other geologic problems). Suggesuons are made that extensive radar coverage and ground
truth are needed for the proper evaluation of these radar return parameters. The entire study is
qualitauve.

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 radar imagery wn the St Francois Mountains of soutbeast
Missoun bas revealed many structural features which are obscure or only poorly depicted
on aenal pbotos. This supenority of radar nmagery over aenal photography is discussed.

Linear structural features depicted on the radar imagery represent faults or fractures. Most
pronunent among these is the previously unrecognized Roselle lineament, which is excel-
lemtly portrayed. VWhen correlated with structural and topegraghic features north and south
of the hmts of raday coverage, the Roselle lineament can be traced for gver 135 miles Its
relationships of mineral localization n the Bonne Terre-Fredencktown area may be of
importance

Crreular pattemns weve also observed on the radar tinagery Ther origin is obscure but
ancient astroblemes or calderas are suggested as working bypotheses.
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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 sumilar 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
Bulletn of the Geological Association of America, Vol. 81, No. 3, March, pp. 975-982.

Author's Abstract- Examunation of side-looking radar imagery of the St. Francois Mountains
of soutbeast Missouri bas revealed many structural features which are obscure or only poorly
depicted on conventional aenal photographs Most pronunent is a distinct linear element
extending southward across the fmagery from east of Flat River to southeast of Ironton,
Missoun, through the southeast Missouri Lead Belt. Field examnation bas confirmed a

fault zone, named the Roselle fault by the author. This structure bas not previously been
recognized, no mention of it was found m hterature, nor 13 it shown on any geologic map of
the area. The structure traverses Precambrian and Paleozoic rocks.

Analysis of geologic and topographkic maps north and south of the area covered by vadar
imagery reveals a series of topographic and structural features remarkably well aligned with
the Roseile fault. To the south, these mnclude drainage alignments and a bunied Precambrian
scarp, and to the north, the Plattn anticline and the course of the Mississippi Raver north of
Crystal City. These features fovm an almost continuous alignment extendmng for over 155
mi from southwest of Poplar Bluff, Missouri, northmortheast to the vicinity of the junction
of the Mississippt and Missour1 Rivers This alignment of featuresis termed the Roselle
Iineament. I suggest this lineament bas been m existence swce the Precambrian as a major
Imeament of this portion of the crust and that 1t may bave been important in localization
of mmeral deposition in southeast Missouri. (Copynghted by GSA.)

The usc of synoptic and broad coverage of radar 1s ecmphasized as a strong tool for identificanion 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 nonmathematical, technically complete
description of synthetic aperture terrain vnaging radar. It should be useful'for indwiduals
m the general mielhgence community — mcluding pboto-interpreters, photogrammetrists,
and analysts. ’

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

Nonmathematical in the main, but does require some very basic understanding of oprics, 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 scveral 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 drzinage and field patrerns,
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 bunefly 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 Geologlcal Structure of Kamchatkm,
{Isopol "zovanie Materialov Radiolokatsionni Aeros ’emki Pri Izuchenii Geologicheskogo Stroeniia
Kamchatki]

New Methods of Obtaining Information by Various Remote Sensors and its Adaptation for
Solving Geological Problems. [Novye Metody Poluchenita Informatsii Razlichnymi Dlstantswnnyml
Priemnikami 1 ee Obrabotki Dlm Resheniia Geologicheskikh Zadach] VIEMS, Moscow, (Russian).

Reviewer’s Summary: A varfery of structnral, geomorphic and volcanic features ave exposed
on the Kamchatha pemmnsula, m some areas concealed-by a thick blanket of Quaternary
deposits. In the areas covered by thick allumal deposits, the vegetatwe flora assemblages
(forest, swamp, etc.}) most directly influence return but where the alluvial cover is thin, the
underlying structure 15 much more significant i determumng vadar return,

Part of the area is mountainous with local relief up to 1,000 m , which results in excessive
shadowing. In some cases omentation of slopes toward the antenna causes such strong back-
scatienng that virtually-no data can be denved. Generally, shadowing enbances detection of
faults, even in cases where fault systems of two ages are supermposed.

Radar imagery contributes significant amounts of geologic data not available from aenal

photographs including data on the regronal geologic structure. (From Dellwig, et al,
1975.)
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HACKMAN, R. J., 1967
Geologic Evaluation of Radar 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 aevial photographby
shows that radar imagery has some distinct advantages It has all-weather, day or night
capability of imaging large areas of terrain  Side-lockmy radar produces a "“shadow™
enbancement effect that shows greater topograpbic detail, important to observation of
many geologic features, One structural fanlt that could be only poorly discerned on con-
ventional photography was clearly visible on radar smagery. Calcareous and gypsiferéus
sedunentary rocks were shown as very light tones of gray mn contrast to darker sandstones
and shales. These contrasts were reversed and less conspicuous on the conventional aerial
photography. However, many of the rock units, readily distinguishable on the photography,
could not be positively differenticted on the radar imagery.

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 moisture content in the alluvium.

HARRIS, G,, Jr., and L. C. Graham, 1976
Landsat-Radar Synergism

Paper presented at the X1II Congress of the International Society for Photogrammetry, Helsinki,
Commission VII, 26 pp. (Copy obtained from Goodyear Aerospace Corp., Litchfield Park, Anz.)

Authors’ Abstract: U.S. Geological Survey EROS Data Center and Goodyear Aerospace
Corporation engmeers, working independently at first and then in cooperation, have syner-
gistically combined Landsgt multispeciral scanner data and mrborne synthetic aperture radar
fmagery.

This paper presents the technigues and procedures used in the experiments. Examples of
Landsat and radar images of the same terrain, separate and combined, are presented io show
that providing the two types of data in a smgle image retains all the information available
from each sensor system and additional detailed data vesulting from the simultaneous
wiewing 6f the two in superposition.

From Authors’ Conclusions: Several metbods of photographically combuming Landsat and
GEMS radar data bave been wmuestigated and presented n this paper. It would appear from
the test vesults that.the method s vepeatable and can be produced at very small cost once
the radar and Landsat data are available. ’

The problems of geometric alignment can be lessened if a radar flightpath is chosen that
simulates the ground track of the Landsat,

Of the four methods considered, 1t would appear that the resuits of Methed 3 (see

Figure 12) give the best data presentation It is recogmzed that some of the Landsat radi-
ance 15 attenuated, but this 1s offset by the radar detail. The Landsat deteil can be
recognized through the areas of radar sbadowing.

Although Method 4 was not considered as a prime candudate for the pbotographbic experi-
ments, it will be the subject of continued investigation. The next series of experments will
be to digitally merge Landsat and radar data wsing algorithms to compensate for radiauce
and radar intensity variations.
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The methods used for combining Landsat and radar were:

oY

2

(3)

(4)

Radar combined with each of the Landsat channelsin the process of forming the Landsat
composite.

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

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. :

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 gcometries.

HARWOOD, D. 8., 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: Rader smagery of the Parmachenee Lake area shows the mfluence of
resistant bedrock units on topographby far better than the existing aertal pbotographs. There
is no indication w this area, however, that the radar beam can distinguish rock types m any
way otber than by their topographic expression. Because the radar enbances topogiaphic
features that parallel the line of flght, it might be prudent to cover an area of complex
geology on orthogonal flight lines and thus reduce any possible biuas in the interpretation.

There 1s Iittle indication that the radar beam effectively penetrates the dense foliage in the
area. On the contrary, the rader appears to be very effective i distinguishing evergreen
from deaduous trees. Radar imagery of this area taken when the leaves are off the trzes
might prove more valuable than that taken during the summer.

Radar imagery is a valuable adyunct to aenal photographs in this area of Mame Its chef
advantages are enhanced topographbic expression of resistant bedrock umts, continuous strip
coverage, and its allweather capabilities. Aenal photographs show the logging roads, which
are mvaluable to woods navigation, much more clearly than the radar imagery.

The radar systemn used was not identified, alchough it is assumed o 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 ngh frequency side-looking radar
southwestern and central Utab along three flight lines baving an aggregate length of about
650 miles. A selective evaluation indicates the radar nmagery mught be useful to broadly
classify some rock umits on the basis of their surficial textures or other charactenistics. Tonal
contrasts, bowever, in the areas that bave been evaluated, probably represent differences in
the degree of soil development, moisture content of the soils, and the vegetatwe cover If
so, these features may indirectly be useful for classifymg the bedrock
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Geologic structures are readily visible in the imagery where they are expressed physio-
graphically and show with about the same clarity as in conventional photography Sub-
surface structures without phystograpbic expression were not observed in the imagery.

Radar imagery might be useful in terrain and trafficabidity analyses, especially when used in
conjunction with other types of imagery, such as ordinary pbotograpby Railyoads elearly
show in the radar tmagery, but only some roads can be seen. Blacktop roeds show as dark
mes if they are more than 30 ft wide Graded and unmmproved dirt roads and blacktop
roads less than 30 ft wide can also be detected as light lines where they are flanked by
road cuts or earth fills. Theimagery of concrete surfaced roads could not be evaluated, as
there are none in the areas flown.

A K-band radar transnutted 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
mn 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 Umwersity, 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 vemote sensmg overflights with ground truth teams was
initiated in ovder to evaluate the effectiveness of 1emote sensing appheations to geothermal
resonrce veconnaissance in the northern section of the Basin and Range pbysiographic
province. This area included parts of sounth central Oregon and northeastern Califormia. It
is composed of land both privately owned and publically admimistered by many brancbes of
government, The government's mvolvement in this area, specificaily the Fremont National
Forest, was the impetus for seeking such the evaluation of the existing geothermal potential
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 program consisted of preliminary overflights of SLAR for'the detection of fault hne-
aments along which surface expressions of bydro-geothermal actimty are localized Inter-
pretation of the SLAR 1magery was used to generate TIR flighthnes corresponding to the
major lineaments. Subsequent flights mcorporated TIR lme scanners utilizng the mercury-
cadmium-tellunde (HgCdTe, 8-14 Um), indium antimonide (InSh, 1-6 [tm), and mdium
arsemide (IAs, 1-3.4 W) detectors A map was produced depicting the mterpreted data.
The map graphically portrays the siructural relatronship between the intevpreted surface
bydro-geotbermal sites and the fracture traces, at a scale of 1 500,000

From the SLAR mmagery two classes of lineaments were distinguisbed, those greater than
500 meters vertical displacement and.those smaller scarplets of lesser rehef. The two fault
trends, of NW-SE and NE-SW are eastly seen on the map The hincaments of greater dis-
placement have a tendency to run NE-SW and are relatwwely few in number. The lesser
displacement lineaments are quite numerous and trend NW-SE,

Amnalysis of the TIR imagery located one new potential hydrogeothermal site and determned
a more accurate designation of geograpbic coordinates for five other sites than were provided
e previous studies Location was more easily accomplished through the use of @ dual chan-
nel system. The HgCdTe detector provided detailed terramn imagery and 1s best suited for
actual geographic location, winle the InAs detector senses only the botter targets (greater
than 50° C.). The InSb detector exbibits partial traits of both the HgCdTe and the InAs
sensors, resulting from their wavelength charactevistics. As a result of several technical
diffienlties, this research was not conclusive in determining which sensor or sensor combi-
nation was best suited for locating bydrogeothermal sources
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During overflight the following temperatures were measured by ground teams: air, soil,
water, and radiometer. These parameters were used as site-specific indicators of the
physical attributes depicted on the mmagery.

The map product graphically depicts the relationship of the bydrogeothermal sites to the
geologic structure. The bydro-geothermal sites located were found to exist along the major
lineaments.- A clustermng of bor springs was found to exist at three locations wn the study
area. Lineaments and bydrogeotbermal locations were interpreted from the imagery while
all surface temperatures were derived by on-site measurements.

Utilizing a temperature decay function (0.2 7° Cfkm), isothermal nings were estabhsbed
utilizing eack of the bot spring clusters, plus one singly occurring bot spring as the cen-
troids. The arca within 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 70° C temperature water or botter. This research suggests the principle
use of the bydro-geothermal resource in the study area is for space beating of bomes
and other structures.

Although the remote sensing swrvey of surface bydro-geotbermal sites failed to show beat
potential for near surface divect electrical production, the thermo-structural velationship
mapped may serve along wi_b other geophysical techniques to direct subsurface exploration
of the resource. Structural lineaments and bydrogeotbermal source locations can be deter-
muned through the complementary use of SLAR and TIR. Once potential locations are
determined, linuted ground truthing would be required to verify the remotely sensed data.
Such a reconnasssance tool may be of greatest value in a less developed area with similar
geologie structure and geothermal promise. (Order No. 77-29, 413, 235 pages.)

With respect to radar: The SLAR used was an X-band ($245-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 demonsurated. The analysis was highly
dependent on ground-truth data; remote sensors, including SLAR, apparenty provided little insight into
the location of potential hydrothermal sites.

HOLMES, R. F., 1967
Engineering Materials and Side-Looking Radar
Photogrammetric Engineering, Vol. 33, No. 7, July, pp. 767-770.

Author’s Abstract: Recent interpretation-studies of Side-Looking Airborne Radar Imagery
bave demonstrated the potentsal value of SLAR in the classificatton of surficial matenals
prnor to field tests. Through processes famliar to the interpreter of conventional photo-
graphy, an interpretation of conventional and radar imagery, taken simultaneously, bas
shown that the recognition of diagnostic parterns of vegetation, geology, drainage, land use
and landforms will enable an experienced soil scientist to make a reasonable assessment of
regional engineering surficial material conditions. Recently developed SLAR imagery
includes potential advantages and inbevent disadvantages (Copynghted by the Amencan
Society of Photogrammetry.)

Using K-band AN/APQ-56 radar, the author has prepared an engineering materials map of an area of
Colorado and Wyoming. Enginecering 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 1s 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-23, June, 5 pp. (NTIS No. 70 38892).

Abstract: The most obvious geologic feature shown on radar images is straight-line lineaments
of the Klamath Mountains and the Coast Range province which parallel major known lithic

and structural trends. A large granitic pluton near Grants Pass was outlined chiefly by its
distinctive topographic pattern 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, Lawrénce, February, ii + 16 pp. (NTIS
No. N69 32799).

Author’s Abstract: A comparison of structural data obtained from side-looking radar (SLAR}
imagery of the Grand Canyon area, northern Anzona, with premously published reports
demonstrates the potential of radar nnagery as a tool for geologic reconnaissance studses.
The study, designed to determine the geologic causes for a pronounced hneament pattern on
the radar image, also prowided a measure of reliabiluy for the radar image mterpretation,
particularly the size of structure which may be interpreted with confidence.

The radar lineaments of the Grand Canyon area indicate the location of faults in the de—
formed Precambrian and relatively undeformed Paleozoic strata. The strong correspondence
of radar lineaments with known faults 1s mdisputable and to a lesser but still significant
degree the joint pattern and the radar imeament pattern showed a close correlation. A
number of lincaments on SLAR imagery in areas where no faults bave been mapped sub-
stantiates the previous suggestion of SLAR as a geologic reconnaissance tool.

The length of a fault is an fmportant factor in a radar wmage identification, In the study
arza, a fault of less than one mile in length is difficult to identify as a geologic struciure,
while the increasing length of a lineament lends creditability to a structural interpretation.

The paper states-

(1) There is 2 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 mnterpreted on the SLAR imagery.

(4) SLAR is a most useful regional geological reconnaissance tool, 2iding the field team to identify
areas of best potential returns for their efforts.
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JEFFERIS, L. H., 196%b

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 comparing a structural mterpretation of side-looking radar
(SLAR} smagery with krnown geologic data from an area in northeast Kansas demonstrates the
potential of radar tmagery as a geologic reconnaissance tool for areas of gently deformed
stéata unth low topographc velief. The study provided structural geologie data for compari-
son with mitial interpretation of pronounced hmeament paiterns observed on the imagery.

The initial imagery interpretation yielded evidence suggesting a large plunging antichre, a
series of normal faults crossing the anticline at right angles, and otber zones of fracturing
adjacent to the anticline, Field examnation of the study areq provided data confirming

many of the wmtial interpretations and indicating where modifications were needed

Faults of the study area are directly velated to radar lmear patterns whereas jomnts do not
correlate well enough with radar hneaments to suggest a casual relationship.

The study also indicated the type and amount of data obtained from aerial photos in com—
panson with radar imagery from the area. Whereas radar imagery displayed evidence for the
iterpretation of large vegional structures which did not appear on aenal pbotos, the photos
show data on linear features too short to be displayed on the radar tmage The primary
reasons for the additional lineament data on radar imagery are the low angle of illumination
of the radar energy and the synoptic wew 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
anzlyses of the two data source products.

JOHNSON, R. B, 1966
Geologic Evalvation 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-  Conspicuous northwest—soutbwest striking lineaments mn tertiary sedimentary rocks
of continental grigm were noted m radar wmages of the Spamsh Peaks Region, Colorado The
lineaments are not vistble mn aenal photograpbs of the region and bad not been observed on
the ground by field mapping. Close inspection in the field faied to find geologic features
responsible for the lineaments on the radar image.

Other features such as dikes radiating from the Spanish Peaks and the “Stonewall” formed by
upturned beds of Dakota sandstone were well displayed on the radar image A major fault
along the front of the Sangre de Cristo Mountams, mapped on the ground, can be traced on
the radar image 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 Symposmmm on Remote Sensing of Environment, Report
No. 195600-1-X, Willow Run Laboratories, Insutute of Science and Technology, The University
of Michigan, Ann Arbor, 2-6 October, pp. 1195-1198.

From Authois” Abstract: Earthquake-risk mapping s a synoptic enalysis of the likelihood
of the occurrence of earthquakes in different locales It can be achieved by combining
seismtc bistory regarding earthgquake magnitude of wmtensity, geological data concerning
structural hneaments, and geophysical data dealing with the strain released and gravity
anomaly. The role of remote sensing 1 ths topic s to prowde additional geological
structural data, from space pbotos and unagery of other sensors, that conventional geo—
logical field—work is either not feasible or faiing to provide. The purpose of this paper

is to demonstrate that side-looking radar imagery, like space photes, is apphcable to infer
stractural lineament mformation for eartbguake—risk mapping. The test area is the greater
San Francisco Bay Area.

Seismologists, to date, are not able ro predict eavtbquakes — thetr location and magmitnde.
Becaunse earthquakes are the result of earth’s crustal movements and adjustments, geo-
logical and geophbysical emdences on land surface should indicate therwr relative likelibood
of sefsmuc activrties. It bas also been recogmzed that air and space photos are superior to
field work 1n detecting large (regronal) structural units for sessmic-potential tnvestigations.
Furthermore, side-looking radar imagery can be better than vegular air photos because of
its all-weather capability.

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

(1) Relative density of structural lines on imagery.

(2) Relative density of faults on geological maps.

(3) Cumularive seismic scenes, from earthquake records.

(4) Cumulanve scores obrained from geophysical data.
The resulting maps, which the authors state should be studied 1n a manner similar to synoptic weather
maps, show that in the study area, the western portion has a higher earthquake nisk than the eastern
portion. It 15 suggested that by combining ERTS. and SLAR imagery (the latter for cloudy areas) a

world-wide seismic map could be prepared. lts 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: Stde-looking radar imagery (K-band) and mght=~tume wnfraved tmagery
(3-5u) were compared over the same sedimentary terrane of south-central Yellowstone
National Park to determine if etther type of mmagery could be used mn (1) differentiating
rock types and (2) delmeatng structural features,
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Although sedimentary rocks of greatly contrasting composition occur in the area, none bad
detectable tonal characteristics on either type of imagery. This is beleved to be due, in
part, to masking by vegetation Flat lying volcanic rocks bavng smooth topographic profile
were readily detectable on both vadar and IR imagery. Quaternary surficial deposits 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. Glaaal 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 central position Plan Position Indicator (P P.I) radar
scope photographs taken between 1961 and 1965 were used. Advantages of radar pboto-
graphs over regular air photographs include the large area visible on one image and the
prominence of gross features uncluttered by smaller features. Three factors, elevation angle,
topographic rehef, and the relative ovientations of linear topographic features and the sweep
direction, tmpose limitations which collectively mean that each intage provides only partial
mformation on the avea covered. The use of different images of one area overcomes such
hmitations Geometrical errors in the bmages arise from variations in the slant range, the
forward motion of the aircraft, and some techmnical characteristics of radar. The small scale
of the photographs reduces these errors to a mmmimun.

The accompanying map (Figure 1) represents a compilation of the lineaments observed on
the vadar photographs. The amount of mformation reflects the number of 1mages available
for any area, Interpretation of the major hneaments suggests that most represent faults and
some coincide with lithological boundaries Cape Breton Island is deminated by a group of
north-easterly trending lineaments which control the main topograpbic features of the Island.
The Aspy and Coolavee Faults form part of this group. Transverse lineaments, often with
frregular traces are also present. The Margaree-St. Ann and Ingomsh-Cheticamp River
Lineament Systems are examples of these latter imeaments and ave interpreted as faults.
Mainland Nova Scotia 1s dommated by the E-W Cobeguid-Chedabucto Fault system. A
secondary novih-easterly trending fault system is exemphfied by the Hollow and Valley Faults
NW=SE faults are prominent 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 fearures, and some of the lineaments identified
are entirely new features, not previously mapped (see also: Cameron, H.L., 1963a, 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 Admimstration
(NASA) at the University of Kansas with several other universities and government research
organizations are exploring the applicability of remote sensing through radar mmagery 1 many
fields af the earth sciences. Studies to date indicate that vadar tmagery may beconte an
excellent tool in regional geologic and lineament studres.

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 1s diminished. Two images, three maps and five
references are included.

KIRK, J. N., 1969

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

M.S. Thesis, Department of Geology, University of Kansas, Lawrence, 1969 (7}, vi + 44 pp. + app.

Author’s Abstract. Imagery produced by airborne, side-looking vadar systems was used to
examine vadar kneaments and their patterns in a structurally dwerse region exbibiting a range
of deformational intensity.

Rada lineaments appear on the image as hnear boundaries between adjacent areas of differng
power return and represent narrow, contmuous or discontinnous features of a terrain, In the
area of this study, radar lineaments almost exclusively represent surface dramnage channels
that exhibit parterns characteristic of fracture system control.

Properties of radar systems and terrain features that affect the recording of radar lineaments
mnclude surface rougbness, incidence angle, radar shadowing, foresbortening, slant-range
distortions, and look-direction.

In examning the velationsbip between radar hmeament trends and fracture pattemns, a com-
parison of rosetee diagrams representng the patterns of jont and lineament trends indicates
that, in geneial, radar lineament patterns exhibit directional trends similar to joint patterns
and fault trends,

A companson of the varnations of lineantent trends with vanations of fold trends suggests
that the fracture patterns represented by the radar lineaments i the Ouachita Mountains and
Arkansas Valley Provinces are products of the same stresses that produced the folded
structures, and that m the Boston Mountains area, the fracture system was produced by
stresses whose orientations were not everywhere the same as those responsible for the
development of the folds.

Chapter 2 (properties of Radar Systems and of Terrain that Influence Radar Lineament Defininon)
presents a brief review of the interaction of radar energy and terramn. 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 concepis 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 Laborateries, Institute of Science and Technology, The University
of Michigan, Ann Arbor, 2-6 October, pp. 1127-1136.

Authors’ Abstract: Remote sensing technigues bave been applied to general geologic mapping
along the Rio Grande rift sone in central Colorado. A geologic map of about 1,100 square
miles was prepaved utilizng (1) prior published and unpublished maps, (2} detailed and re-
connaissance field maps made for this study, and (3) remote sensor data imterpretations The
wmap is to be used for interpretation of the complex Cenazoic tectonic and geomorphic bis—
tories of the area.

Regional and local geologic mapping can be dided by the proper apphcation of remote sensing
techmques. Conventional color mfraved photos contan a large amount of easily-extractable
general geologic information and are easily used by geologists untramed in the field of remote
sensing. Other kinds of sensor data used in this study, with the exception of SLAR mmagery,
were generally found to be mmpractical or unappropriate for broad-scale general geologic
mapping; these data can, bowever, be effectively apphed to specific problems in relatively
small areas, but some knowledge of the prinaples of remote sensing is necessary for the
acquisition of the proper data and for subsequent interpretation.

The study, conducted in an environment much more complex than the nomal 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 generally poor guahity (low
resolution, flar contrast, frequent vmage disruption) and does not justly represent the potential
of SLAR wmagery for regional structural analysis. Analysss of a few fawr-quality unages
suggests that good quality, bigh-resolution SLAR tmagery of the entive area would have aided
m dehneating and mapping mapor topographbically-expressed structural features at an early
stage of the study. This would, of course, have allowed areas for detailed field and photo
study to bave been more fudiciously chosen.

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

(1)
(2)
(3)
4
()
(6
€)]
(8

Low-altitude color photos
Low-altitude color IR photos
High-altitude color IR photes
High-altitude color photos
Low sun-angle phortos

SLAR

Multiband photos

Thermal IR imagery

However, as emphasized in the abstract, this listing is subject te change depending on the problem to be
solved. Radar, for example, shows high 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 Obrtaining Information by Various Remote Sensors and its Adaptation for Solving
Geological Problems [Novye Metody Polucheniia Informatsii Razlichnymi Distantsionnymi
Priemnikami i ee Obrabotki Dlia Reshenna Geologicheskikh Zadach], VIEMS, Moscow, (Russian).

Reviewer's Summary. The Toros side scanning radar system was developed for use in evaluation
of ice conditions. Since that time geological applications bave also been defmed.

A parabolic antenna generates a signal of constant intensity in a centimeter wavelength
range. The reflected signal is returned from the terram to-the antenna, processed through a
cathode vay tube and recorded on moving photographbic film which 1s synchronized with the
wreraft speed. Return signals from directly below the aircraft are elunmated because of the
poor qualsty of the nnage Usually-antennae ave mounted on both sides of the mrcraft so
that two swaths of terrain can be imaged on each pass.

Fhghbt lines are planned to include 50% overlap to facilitate the construction of a mosaic.
Flat-lymg terrain 1s genefally imaged from 3~ kilometers, while mountainous terram is
imaged from 6 or more kilometers elevation, (From Dellung, et ol , 1975.)

KOMAROYV, V. B, V. A. STAROSTIN and B. P. NJAVRO (date Unknown)

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

1KI Institute of the U.5.5.R., Academy of Sciences, Moscow, 23 pp.

Authors’ Abstract- This paper contams a discussion of the possibilities of using the agrial
radar technique for geological research. The radar qevial survey data make it possible to
obtain valuable information about the structural-tectonic composition, the material compo-
sition of rocks, and the nature of the rehef Radar aerial photographs are of great mterest
when studying enclosed terntories. In sokung geological problems, the joint application of
data from bigh altitude and space vadar surveys s 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 monoescopic side-looking
radar images, stereoscopic side-looking radar images, and aerial photographs for dramage
analysis in an area near Baud§, Dept of Choco, Colombia. Restrction of matevial lmited
the conclusions to one specific area of low relief. Ka band tmages of the Westingbouse
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AN/APQ 96 system were used. As a basis for comparison, the existing topographic maps, scale
1:25,000 were used. Dramnage interpretation on stereo radar was roughly identical to the
drainage network on the topographic maps, with the exception of the flat valley areas where
the dense vegetation entirely covered the drainage channels. The larger scale of the aerial photo—
graphs and the better resolution gave more detatl in these areas. Drainage density in the area
with relief was the same as or bigher on the stereo radar interpretation than on the topographic
map. For the monoscopic radar interpretation, drainage density was on average 24% lower than
for the map. Moreover, the drainage network and outline of the river basins differed greatly
Jrom the map and from other interpretations For the average river segment length a sbift of
about one order occurred from the ménoscopic radar interpretation towards the steveoscopic
radar interpretation. It can be concluded that for base map construction of the test area, stereo
radar images can be used to obtuin a vehable drainage network. This is not true for monoscopic
radar interpretation. Deformation errors within the images bave not been taken into account in
this study.

This study considered one large drainage basin (45.7 km2) which was divided into five subbasins of area
0.6 km? to 3.7 km2. The schemes of drainage basin geometry and stream ordering of Strahler and Horton
were used for calculations. Iris concluded that the stereo radar is the better of the several methods for
determining the drainage density and drainage ner, 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 conunued 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 Setnsmg and Photo Interpretation. International Society for
Photogrammetry. Commission VI, 07-110CT7, Banff, Alberta, Canada, pp. 841-861.

Available from the Canadian Institute of'Surveying.

’

Author's Abstract: To date, images of the “side-looking radar” bave been interpreted mainly in
a monoescopic way. The radar shadows on the imagery give the iterpreter a rehef impression,
which makes recogmtion of surface cb;;raczeristics possible. With the present geametric fidelity
of consecutive vadar-strips and constant scan-direction, stereo viewing is possible to obtain a
three-dimensional picture. The principles of beight and slope measurements are treated for
single strip imagery and stereo images.

Drainage interpretation of steveo radar imagery and single strip nnagery are compared for
different terramn types Stereo viewing of overlapping radar strips offer considerable ad-
vaniages over monoscopic viewing for interpretation purposes. Details, from far vange and
near range, are observed simultaneously. Moreover, the three dimensional picture allows
relatioe altitude correlations (often not possible tn smgle strp imagery) and mcreases the
wmterpretability of the radar stvips. -

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 sterec 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 the 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 1n 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 Soc.:iety of Photogrammetry, Washington,
5-10 March. )

Photogrammetric Engineering, Vol. 33, No. 6, June, p. 679 (abstract only).

Author'’s Abstract: The United States Geological Survey, in cooperation with the NASA
Eatth Resources Survey Program, is evaluating sidelooking redar fmagery in many areas of
varying terroin, surface conditions, and rock types to determine its utilty as an aid m
geological mapping. Inially, the radar imagery 1s being used by geologists of considerable
experience in the study areas much as they would use conventional aerial photography.
Preliminary vesults are summanzed and the vadar imagery presented for 17 test areas.
(Copyrighted by the American Society of Photogrammetry.)

LaPRADE, G. L. and E. S. LEONARDO, 1969
Elevations from Radar Imagery

Photogrammetri¢ Engineenng, Vol. 35, No. 4, April,'pp. 366—371.

.

Authors’ Abstract: Radar is a ranging device while the camera is an angle-measuring device,
This.difference means that entirely different relationships are used for elevation measurentents
As radar prowdes its own source of iumination, it also bas capabilities not avatlable with
conventional cameras For example, under certamn circumstances, the beight of vertical
features can be determined solely from the image 1tsélf with no knowledge of the radar
system or aircraft position. Radar can additionally bave either slant or ground range fmages.
Each type of image requires the use of different geometrical relationships, This paper
develops the mathematical expressions for measunng the beights of vertical and non-

vertical features wath both slant- and ground-range images. Significant applications are
discussed and the experimental accuracies obtained in actual practice are given. (Copyrighted
by the American Society of Photogrammetry.)

This short tutorial paper presents the basic mathematical argguments for determining height from_both

slant and ground range radar imagery for both vertical and non-vertical objects. This clearly 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 Bulleun, Vol. 57, No. 4, April, pp. 790 (abstract
only).

Author's Abstract: Remote-sensor imagery embraces black and white aerial photograpby
(including black and white infrared photography and various film-filter combmations), color
aerial photagraphy, color infrared aevial photography, thermal mfrared, and vadar. For the
three general types of geomorphbic exploration techniques — drainage analysis, tonal analysis,
and fracture analysis — no smgle remote sensor is best. Terrain, vegetative cover, and extent
of buman activity influence the selectton of imagery for analysis.

Black and white and color photography seem best for routine surface-drainage analysis,
especially of low-order streams. Thermal infrared and color infrared give considerable
mformation on groundwater-discharge locations and soil-drainage characteristics Radar
smagery allows excellent mapping of bigher-order drainage patterns of large areas, and

is least affected by vegetative cover.

Tonal anomalies are best seen on black and white infraved and black and white panchromatic
photograpby. Color photaography is less useful for this technique, and color infrared 1s poor
to unusable, especially in grass-coverved vegions Thermal mfrared 15 very poor, and radar
cannot be used for tonal studies in exploration geomorphbology.

Fracture-trace analysis is done best on stergo-geral pbotography of all types, and least
well on thermal-infraved and radar imagery. Lineament analysis is done best on aerial
photographic mosaics, and particularly well on radar.

Radar and aenial photograpkic mosaics are wellsuited for regional studies, as me 1mages
jfrom satellites; aerial photographs and thermal infrared imagery are best for local,
detailed studies. (Abstract copynighted by AAPG.)

LEIGHTY, R.D., 1966
Terrain-Information frem 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: Radar imagery was obtaned at altitudes of 30,000 to 60,000 fect

over arctic terramn with the AN/APQS56 (XAA) side-looking radar (bigh altitude)} set during
two flight programs (November—December 1960 and March 1962) Generalities of terrain
mformation retrieval from radar imagery are presented with background information on the
regronal terramn chavacteristics tn novthwest Greenland and discusston of representative
project imagery

This paper accompanied by 12 radar and zerial 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.



{4) Less rerrain 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 Technelogy, The University of Michigan,
Ann Arbor, 16-18 April, pp. 669—685 (NTIS No, AD 676 327).

Author's Abstract: This paper discusses the present and future potential of radar for engineering
investigation of terratn. The purprose 1s to acquamt the engineer with the applicable wadar
literature pertaining to radar uses, radar systems, radar theory and empinical measurements,
qualitative analysis of vadar imagery, and smiscellancous radar technigues.

Extensive quoted material essentially describes the present state-of-the-art of radar remorte sensing for
engineering applications. Three illustrations and 28 references are included (all unclassified, but not
readily available). The final paragraph of one secuon 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
Laberatornes, Report No, ETL-CR-71-2.

Author’s Abstract: Airborne imaging radar systems bave not received the attention they warrant

from geomorphologists largely due to the lower resolution capabilities of radar imagery compared
to aertal photography However, the near all-weather, 24-bour, imaging ability of vadar can act as
a trade-off for resolution when lighting conditions or cloud cover prolnbit.the collection of aeral
photography. Imaging radar systems also bave the advantage of large scale coverage presented on

a continuous strip of film closely resembling a shaded relief map.

Altbough the general applications of radar imagery to geosctence are dealt with by several
autbors, most studies have not progressed beyond the stage of speculation or theoreitcal con-
sideration The acquisition of radar imagery covering over 17,000 square kilometers in south-
eastern Panama and northwestern Colombia afforded the opportumty to test the operational
practicality, rehabiisty, and consistency of techuiques for derwing morphometric daia from
radar imagery, as well as the identification of mdividual geomorpbic features and the delineation
of geomorplnc regions Included in the mmaged area was Route 17, & proposed sea-level canal
route for which topographic and regional geomorphic data were available
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Route 17 provided the data base against which were tested (1) the qualitative deltneation of
landform regions on radar iinagery and (2} the quantitatwe determination of relative relicf
from radar shadows and terrain slope from radar foreshortening. Cumulative frequency curves
of terrain slope derived from radar sbadow frequency across the range of the imagery were
compared to similar map-extracted curves of slope distribution for six areas throughout the
United States.

The comparison of map- and vadar-derived geomorphic regions of Route 17 was favorable.

The method was then extended into the Darien Province where topographic maps are essentially
non-existent. The final product is a map (Plate I} of the regional geomorpbology of the study
area at a scale of 1-250,000. Four geomorphbic regions were delineated: plains, low hills, bigh
bills, and mountams.

The radar shadow frequency method also proved successful and was extended mto the Darien
Province where cumulative frequency curves of slope were derived from two strips of radar
imagery across the Darien Provmce. This provided a quantitative statement of slope values
for qualitatively deseribed landform regtons The results appear in Plates II and IIl, Disunct
cumulative frequency slope curves, one for each general landform region previously discrimi-
nated quahtatively, resulted from the use of this method,

Statistical analyses of terramn slope and relative relief measurements from radar foreshortening
indicate that the method as tested is not operational for determining individual slope or
relative rehef values, however, the accurate calculatron of the mean regional slope and
relative relief and the range of slope and relative relief values is feasible using radar fore-
shortemng.

- The correlation between radar power return and terrain slope was lower than anticipated,
however, the relationship needs further testing The correlation between map-derived and
radar-shadow-derived relative relief data indicated that relative reltef can be deternuned
accurately and reliably from radar shadows ’

Some of the indiwnidual geomorphic featuves identifiable on radar imagery are tidal flats.
mangrove, beack ridges, wave refraction and surf, barrier reefs, shell reefs, estuarme
meanders, shoreline configuration, deltas aud associated features, and drainage patterns
Although the detection and mapping of geomorphbic features in unknown areas is tmportant,
the real importance 15 the use of geomorpbic features as surrogates for obtaining genetic
and gnnronmental information.

Radar geometry as it relates to the collection of morphometric data is also thoroughly
discussed. (Abstract from. Dissertation Abstracts, Sec. B., Sciences and Engimeering,
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 acquisition of radar imagery of Eastern Panama and
Northwestern Colombia bas provided the geomorpbologist with a new source of geomorphic
data that is presented at a regional scale but with a spatial resolution enabling the identifi-
catron of mdwndual landform features.

Two geographic regions, Garachine Bay, Panama, and the Attrato Delta, Colombia, were
selected to demonstrate some of the geomorphic information mterpretable from radar
imagery. Because of the high contrast ratio in radar return between land and water, a
large proportion of the features identified and illustrated arve coastal or allumal, such as
shell bars, estuarine meanders, tidal flats, surf zone, wave refraction, off-shore viver mouth
bars, cut-off meanders, scrolls, levees, crevasses, and others. In both regions the identifi-
catrons of individual geomorphic features were used as surrogates for inferring geomorphic
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 geoscientist bas made only limited use of radar shadows
for collecting quantitative geomorpbic data. Although Levme (1960) and McAberngy (1966)
described methods for calculating relative relief from the length-of a radar shadow, the
relationship between the occurrence of tadar shadows and terrain slope angle bas not been
prevously utilized, Because a terrain feature will shadow only where the back slope of the
feature is greater than the depression angle at which 1t is imaged, slope information is avail-
able from the frequency of radar shadowing. By sampling acrass the range of the radar
image, a cumulative frequency curve of slope distribution can be constructed.

The radar shadow frequency methad for determning terrain slope information was tested

in six regions in the United States where both radar imagery and topograpbic maps were
available, Results mdicate that the radar-derived slope curves are comparable to' topograpbic-
map-derived slope distribution curves, and seem to be more realistic in mountamrous regions.

This paper describes the mdar shadow-frequency method for determining the distribution of
terramn slopes and the basis for its use, presents and evaluates the results of the comparison

of map-derived and radar-derwed slope; and discusses the advantages and disedvantages of such
a method as & primary data source for the geomorphbologist. (Copyrighted by the American
Society of Photogrammetry.)

Both local and regional slopes are determinable, with results for the former being mare 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.
Althotgh the method has some severe Hmitations (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 mulriplelook 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. 0. Colorado Springs, CO., pp. 10-1 to 10-10 (NTIS No. AD 736 309).

Authors’ Summary- Histograms and cumulative frequency curves of terrain slope gre
important m the quantitative description of geomorpbic regions and ard i the study of

land utilhzation and terrain mobility. Recently a method for obtaining such terrain slope
wnformation from radar imagery was developed utilizing (1) the neceSsary relationship between
tevrain slope, o , and the depression angle, 8 , for the occurrence of radar shadows ie., a>f;
and (2) the variation m depression angle from near to far range across the radar image.

Sux different geographic regions were selected in the United States, where both topographic
coverage and radar imagery were available for testing the method. The results were very
encouraging, especially in rugged mountamous terramm where topographic coverage 15 gen-
erally the least accurate, Subsequently, the method was applied to two strips of vadar
imagery of the Darien Prownce, Panama. Each strip of imagery was approximately
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1,000 square wmiles in area and oriented transverse to the structural grain of the landform
regions. A cumulative frequency slape curve was determined for each geomorphic region
qualitatwely dehneated on the radar imagery of the Darien Province.

The characteristic shape of the cumulative frequency curves for each of the four general
geomorphic regrons — plains, low bills, bigh bills, and mountains — proved diagnostic.

This belps‘to substantiate both the qualitative geomorpbic boundaries and the quantitative
slope data detérmined from radar imagery. The curves also represent the only guantitative
regional slope mformation available for the poorly mapped Darien area.

This is essentially the same paper presented by these authors in two other publications. (See comments
for LEWIS and WAITE, 19712 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.,
2326 April, V. 4, pp. 65—70.

Authors’ Abstract: Two of the prinapal critevia used in describing and delmting landform
regions — terramn slope and relative relief — exbibit simple geometric relationships with radar
shadows. Smce radar shadows are ubiguitous features on radar imagery of rugged mountainous
topography, they loom as an important potentsal source of topographic data, especrally m

the world’s inadequately mapped, inaccessible mountanous regions where pbotographic coverage
15 practically nonexistent. This paper focuses on the deternunation of relative (local) velief from
radar shadows. The scope of the paper is as foillows- (1) discussion of the conditions necessary
for radar shadowing, (2) discussion of the length of radar sbadows as a funcnion of depression
angle, B , and the beight of the terrain feature, b, (3) consideratton of the three types of
elevated terrain features as related to imaging radar systems and the restrictions imposed on
relative relicf measurements by each tervan type, (4) presentation of the equations of Levine
(1960}, McAnerney (1966), and Lewis (1971) for calculating of relative relief from radar
shadow length, (5) evaluation of the operational accuracy of these three equations based on the
correlation of the radar-derived and map-derived topographbic data, and (6) selection of the most
parsimomous equation. Tbhe statistical vesults strongly mdicate that the measurement of relative
relief can be effectively accomplished using radar shadows Although the statistics for all three
equations are very sumilar {r = 0.86; SEE =~ 108 feet and P > .001), Lewis’ equation was deemed
most practical because fewer measurements arve required for the calculation of relative velief
from raday shadows. (Reprinted by permission of AAG.)

The authors’ note thar the Lewss 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
quire 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 simultancous solving of equations

for two unknowns. Several suggestions are made for further radar applications to geomorphalogy (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 Photogrammetry. Fall Meeting, October, Part II, pp. 992—1003.
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Authors' Abstract: Side Looking Airbome Radar (SLAR) imaging systems are of special
mterest to the coastal and wetland geomorpbologist. Continuous strip presentation of the land-
water interface of atleast 16 kilometers wide and bundreds of miles long is advantageous for
the study of the relatively narrow coastal zone. In addition, the near all-weather, 24-bour
imaging capability 15 a particular asset in coastal and wetland environs commounly obscured by
cloud cover.

A variety of coastal environments bave been unaged with commercial radar mapping systems
during the past 10 years, Some of these coastal areas include the Arctic Coast of Alaska, the
Gulf Coast of Louisiana and Texas, the Caltfornia and Oregon Coasts, Chesapeake Bay, and
the Atlantsic and Pacific Coasts of Central and South America. The wetland environment of
the Atchafalaya Basm and the constal swamp and marsh region in Louiciana bave also been
imaged.

This study summarizes the past work in radar coastal morphology by the authors and their
co-workers but primarily focuses on recently completed research in the wetland environment
of Louisigna and the coastal environment of Oregon.

The work reported in this paper is essentially 2 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 detectabilicy 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 geoscientist bas only made linuted use of vadar shadows for
collecting quantitative geomorphic data, Although metbods for calculating relative relief
from the length of a radar shadow bave been described, the relationship between the occur-
rence of radar shadows and terrain slope angle bas not been prevously utilized. As a terram
feature will shadow only if the backslope of the feature is greater than the depression angle
at whick it is imaged, slope information is available from the frequency of radar shadowing.
By sampling across the range of the radar image, a cumulative frequency curve of slope
distribution can be constructed Tbe radar shadow frequency method for determming ter-
rain slope information was tested in six regrons in the United States where both radar
imdgery and topegraphic maps were available, The results indicate that the radar-derived
slope curves are comparable ro ropographic map-derived slope distnbution curves and
apparently ave niore realistic in mountainouns regions. (Copyrighted by the American Soctety
of Photogrammaetry.)

This paper is essenuially 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

Institute de Pesquisas Espaciais, $3o Josc' dos Campos, Brasil, 14 pp.
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Author's Abstract: From the criteria of tonal contrast, drainage pattern, all the Iandforms and
the characteristic distribution and contact relationships of the rocks in the SLAR mosaic, the
writer distinguished the different rock units as the Basement Complex, the Plutonic Unit, the
Metamorphic Unit, the Intrusive Plutonic Unit, the Clastic Sedimentary Unit, the Caleareous
Sedimentary Unit I and 2, and the Alluvium, They are listed above in ascending order. From the
topographic pxpressions and their microfeatures, distribution of the aerogeologic rock units, and
the lineaments, many folds, fauits and features are recognized from the SLAR mosaic. Tombador
Mountain Range divides this area of study into twe parts. The sedimentary terrain, which is in the
west of Tombador Mountain, yields the greatest amount of information from the radar unagery.
The basement complex terrain, which is in the east of the mountain, yields the least informa-
tion. In the Tombador Mountain Range there are several large intrusive granite bodies con-
taining prominent dikes, and around the intrusive bodies there are features which suggest

contact metamorphosis, Therefore, this region of Tombador Mountain is bopeful for valuable
econonitic mineral researches. (From: Delluig, et al., 1975.}

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

LIY, C. C., 1973b

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

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

Author’s Abstract: This study was based only in the use of SLAR mosaics as a geological tool
in mapping low billy terrain, comprising monotenous Precambrian rocks with similar erosional
resistance, lack of topographically characteristic appearance and poor outcrops due to thick soil
cover.

From the careful study of drainage patterns, tonal contrast, topographic features and contact
relationship on the SLAR mosaic of the studied area, fifteen radargeologic rock units are
distinguished.

From the careful analysis of the topographic depressions, lineaments and contact relationsbip
between different rock units, many faults and fractures ave recognized. From the different
directions of dipslopes, many anticlinal and synclinal foldings are alse recognized.

Radar imagery is proving to be an effective remote sensor tool for geological reconnaissance
studses. Thus radargeology enables us to obtain geological information through the study and
analysis of radar imagery. (From: Dellwig, et al,, 1975.)

Radar imagery provided data for geologic mapping in an unexplored region.
LINTZ, ]., 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 technigues in the exploration for petroleum bave not
moved from the smallscale, limited study-area, experimental state to full-scale, large-area,
operational status. Remote sensing teckmiques will bave come to maturity when total basin
survey for known and potential bydrocarbon anomalies are commonplace. As with much

of petroleum exploration, remote sensing is primarily an indirect approach limited to the
development of drillable petroleum prospects. The technigues include spectroscopic analysis,
which offers the potential for airborne compositional analysis. Research toward the latter
objective is still in early pbases. '

50



The most commonly used wavelengths are the wmsible part of t;.ve spectrune (0.3—0.7p), mfrared
film emulsions (0.3—0.914), and thermal infrared (8—14 ). Equipment and materials covering
these spectral bands are the best developed and the most widely amilable.

Exploration in areas of consistently poor illumination because of meteorolagic conditions will
bring about increased use of the longer wavelength (microwave) equipment. Cloud penetration
15 a function of wavelength; passive microwave radiometers, side-lookmg radar, and scatter-
ometers possess this capability, Currently, airborne microwave instrumentation i not widely
avarlable, but indications are that st will come into wider use.

Service companies prepared to perform multisensor data collecting on a global scale are now
operational. They offer, on a contract basis, sopbisticated equipment in advanced aireraft,
with or without interpretation packages. In addition to petroleum companies, their chentele
includes mining companies, widely diversified agricultural interests, and domestic and foreign
government agencies, (Abstract copynighted 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 generabzed geologic evaluation of Imes, localitses,
and features of various types that are visible on a series of vadar image strips covering the Teton
Range and Jackson Holé in northwestern Wyoming. No attempt was made to collate a
complete geologic map with the radar image at each locality.

Formation names, problems of geologic tnterpretation, and details of stratigraphy and structure
that are not directly pertinent to the study of the imagery arve omitted . . .

The paper opens with four general comments, summarized below:

(1)

2)

(3)

4

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

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.

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 1s worthwhile'in a given area and for a given rock type.

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 should be to devise a
plan for the most effective and economical geologically oriented radar flight lines.

The author has compared radar ilnages with oblique photographs of plastic raised relief maps. This was
partially in an attempt to reply to (4), above. The technique 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

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

Author's Summary: Laboratory tests were conducted with radar sensors to detect the presence
of and measure the depth to subsurface interfaces when the surface was bare, and to determine
the influcnce on radar responses of vegetation at various stages of growth. A secondary purpose
was to continue earler studies to relate radar returns and the electrical constants they provide, to
moisture content and density of samples.

Large laboratory samples were prepared at various moisture contents and densities and with
various depths to a subsurface metal plate. Standard pulsed radar sensors operating with
frequencies of 297, 5870, 9375, and 34,543 megacycle/sec were employed and directed at
various angles of incidence to the surface

The results of this laboratory study indicate that the standard pulsed radar sensors can provide
sformation that will permit an estimate of the moisture content of deep, homageneous sosl
samples and the detection of surface vegetation of various beights. Radar signatures of vegetation-
covered soil were more significantly altered at Ka-, X-, and C-band frequencies than at P-band
frequencies. However, standard pulsed radar sensors used monochromatically cannot prowde
information for predicting depth to a subsurface interface or for divectly indicating the

presence of subsurface interfaces.

The systematic manner wm which soil depths were wiried in this study permitted an analytical
solution to the problem of measuring depths of layers and led to the conclusion that
properly designed radar systems could measure depths to subsurface interfaces. Three

such systems are proposed. :

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 caleulation 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 wavclcngtps used — only the vegetation rurface (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 penewration 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 becanse
the number of oscillations produced for each depth is roughly proportional to the frequency. Consequently,
at higher frequency, there are 2 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 dara 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 refation for remote
terrain investigations.” With respect to the study on the one vegeration type, the normalized echo for

the long-wavelength radar did not fluctuate as much as with the three shorter wavelengths: Hence, itis
suggested that the shorter 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 their potential 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: Remete sensing, a new term for an old practice of airborne exploration,
bas become a “‘cureall” for the search for new mineral deposits. This paper seeks to evaluate
those aspects of the tzchnology which can be of use to the exploration geologist, and to place
the various semsors in a priority-listing for several types of geological targets A point of sig-
nificance-to be clearly understood is that the “skin” (or penetration) depth of most sensors
is shallow. Remote sensing really offets a chance to rapidly survey large areas, in seeking the
diagnostic surface phenomena from more deeply bidden ore deposits (Copyrighted by
Economic Geolagy Publishing Co.)

The authors comment on the engineering (rather than the applicational} approach to the development of
remote sensors for geology and 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 2 sensor into a problem to which it is not best suited. 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 # rather poor showing, being noted as Class A (highest) for surface
texture (rock type) and gravel and placér deposn detection; Class B for structure {i.e., surface relief),
lineaments, structural traps (for hydrocarbons), topography and drainage; Class D for séveral 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” apphcations included
in the present bibliography.

The paper includes several good sets of radar images, one of which (Fig. 4) affords comparison of 2

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 SEAR 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-scale 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., ]. 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 radar imagery indicated that most
of its geological uszfulness came from (a) its small-scale presentation (aroynd 1-200,000),
and (b) its strong, jet-black shadows, which markedly emphasized the topographic relicf.
Several published papers bave empbasized the effect of low sun-angle on the appearance

of vertical aerial photography, so we developed from this a technigue for simulating side-
looking radar (SLAR) by conventional aerial photography, but with the sun around 20—
30 degrees above the horizon. It is proposed that this unconventional type of aerial photo-
graphy be termed Low Sun—Angle Photography (LSAP), (Copyrighted by the American
Society of Pbotogrammetry.)

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} Photogrammerry is well known; radargrammetry is in its infancy.
(4}  Acrial 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 llumination 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 1o 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. Electrorics, Vol. GE. 5, No. 3, December, pp. 72—78.

Authors’ Abstract: Interdisciplinary research on the geoscience walue of radar systems is being
conducted by geoscientists and electrical engineers at the Center for Research in Engineering Science
(CRES), University of Kansas, Lawrence. This paper presents a segment of the research in which
the investigators studied similarities and contrasts between panchromatic aerial photograpby and
radar imagery from the Cane Springs area in Arizona, for which precise surface geologic data

are available. Lithologic and struttural information is available on the radar imagery which is

not as apparent on: the air pbotography; however, the converse is also true. Interpretations also
reveal the fundamental advantage of multisensor veconnaissance, in which several discrete parts

of the electromagnetic spectrum are utilized: The resulting extrapolation of data can provide

a valuable supplement to geological reconnaissance, (Abstract copyrighted by 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-soutce 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 Sectien, American Association of Petroleum
Geologists, Albuquerque, 23—26 February.

American Association of Peiroleum Geologists, Bulletin, Vol. 53, No. 1, January, o 216
(abstract only). ’

Author’s Abstract: In recent years, geological reconnaissance bas been augmented by sopbisticated
terrain datagathering techniques which bave been categorized us remete sénsors. Remole semsing,
which can be defined simply as reconnmissance at a distance, s bardly a new concept. Remote
sensing technigues utilizing the aevial camera or magnetometer are well known to the petrolewm
geologist. Several airborne devices are now available to supplement the aerial camera for the detec-
tron of natural resotrces, and a multisensor approach to terrane reconnassance should allow
exploitation of the entire electromagnetic spectrum. -Ranging from the very sbort wavelengths at
which gamma rays are emitted, to the comparatively long wavelengths at which radar operates, mulii-
sensor terrane data from the samearea allow excrapolation of geologic information not aveilable
with a single senser.

Those remote sensing technigues that appear to have immediate potential for perroleum
exploration include: (1) scanning infrared systems which detect thermal variations between
adjacent features, (2) spectrophotography which pevmits simultaneous recording of narrow-
band regions ranging from the visible to nearinfrared, and (3) side-scanning radar systems

which will operate in the microwave region of the spectrum, Imaging vaday perbaps will be the
sensor that captures the imagination of the exploration geologist because of the synoptic presen-
tation of regional geologic structures and the penetration capability which bas been forecast for
long-wavelength systems. Althbough investigation of the geologic potential of this new family of
remote sensors is in its fnfancy, it is apparent that no single sensor will provide a panacea for
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petrolenm exploration; bowever, these new data sources will certainly both complement and
supplement existing geological reconnaissance methods. (Abstract copyrighted by AAPG.)

MacDONALD. H. C., 1969b
Geologic Evaluation of Radar Imagery from Darien Province, Panama

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

Abstract: The auailability of extensive radar fmagery covering approximately 17,000 square
km in eastern Panama and northwestern Colombia bas provided geologic data for an area
where previous geologcal investigations have been extremely limited because of inaccessiblity
and perpetual cloud cover.* In previous radarrelated geologic studies, most of the radar
fmagery was collected from areas within the contmental United States where temperate
climatic conditions prevail and where detailed geolagic information was available. The radar
imagery of easterm Panama, bowever, represents not only unique terrain information from
the tropical environment but the first practical mapping application of side-looking radar
systems.

The primary objectives of this study were to (1) determine the utility of radar in the compila-
tion of geological reconnaissance maps, (2) define and analyze radarlinsars (joint systems and
faults) and infer the nature of the tectonic forces responsible for certain types of local struc-
tures, (3} examine the effect of radar look-direction (direction ortbogonal to ground track of
the aircraft) and determine if there is a factor of directional dependency with radar systems,
and (4) evaluate the potentual of radar as a single geological reconnaissance tool in the
tropical environment and what application these tmaging systems may possess for future
geological reconnaissance surveys in similar geographic areas.

As in agrial pbotograpbic interpretation, tbe analysis of tone, texture, shape, and pattern

are recognstion elements on radar smagery which contribute to the interpretation of geologic
data. These recognition elements as well as the distortions inberent to radar imagery are
evaluated in this study. —_—

Analysis of single-strip radar imagery in combination with the radar mosaic bave, for the first
time, provided an accurate representation of the regional geologic relationships of eastern
Papamna and novtbrwestern Colombia. A ready subdivision can generally be made between
igneous and sedimentary rocks, and large scale structures can be synoptically studied enabling
the geologist to become guickly familiar with the essential features of structural provmeces.
On a more detailed scale, a relative seratigraphic sequence can be determned if the lithic

* units are topographically expressed. Where collateral field data bave been used in conjunction
with radar imagery interpretation, the geologic information interpretable from the radar
imagery of eastern Panama far exceeds those data previously avaslable.

At the present ttme, radar remote sensing offers the only practical technique for geological
reconnaissance mapping in the tropical environment, bowever, to obtain the maximum benefit
from such studses in poorly mapped areas, it will be necessary to smage @ specific region from
four orthogonal look-dirvections. Regardless of the inbevent limitations of radar geological
reconnaissance, the capability of obtaining topographic mapping data simultaneously with
geologic information provides the geologist with an important exploration tool. (Abstract
from. Dussertation Abstracts International Section B: Sciences and Engineering Vol, 30,

Npo. 6, 1969, p. 2762-1B )

*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 Gity,
10—12 November.

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

Authors’ Abstract: The availability of extensive radar imagery covering approximately
17,000 square km, primarily in Darien Province, Panama, bas provided geologic data for
an area where previous geological investigations bave been extremely meager because of
limited accessibilivy and perpetual cloud cover. The radar imagery represents unique
terrain information from this geegraphic area, and the first practical mapping application
of a side-looking radar system.

In the tropical environment, the interpretation of radar imagery provides a ready subdi-
viston between igneous and sedimentary rocks, and large-scale structures can be synop-
tically studied enabling the geologist to become quickly familiar with the essential
features of structural provinces. On a more detailed scale, a velative stratigraphic
sequence can be determined using radar imagery, but only if the lithic units are expressed
m the terrain configuration. Lithologic mterpretation from radar smagery is largely provi-
sional, unless corroborative data are available. However, the actual structural configura-
tion, as well as the pattern of regional faults and jomt systems, bave never been revealed
in such detail as those interpreted from the radar imagery. Analysis of single-strip
imagery in combination with the radar mosaic bave, for the first time, provided an
accurate representation of the regional geologic relattonships from this part of Central
America.

In the tropical environment where conventional reconnaissance techniques cannot be
utilized, radar remote sensing offers the only practical techniques for geological
reconnaissance. (Copyrighted 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 Umversity of Michigan, Ann Arbor, Qctober, pp. 637—650.

Author’s Abstract; The synoptic presentation of side-looking radar systems in combmuation
with an obligue angle of incident “illumination” has provided enbancement of certain topo-
graphically expressed geologic features (such as faults and lineaments) which were neither
obvious nor interpretable on conventional aerial photography. Multiple imagery passes were
not available for most areas previously studied, therefore, the capability for repeatedly recog-
nizing these anomalous geologic features on multiple iinaging passes and the influence of a
preferred look-direction (direction-orthogonal to the ground track of the aircraft) could not
be investigated, The recent availability of multiple flight coverage from eastern Panamm and
northwestern Colombia, bowever, bas provided sufficient data for a semi-quantitative look-
direction analysis in whick the detection of certain geologic features under a variety of
terrain conditions bas been examined, The geologic features selected for this study are
faults, joint systems, and dip slopes.

Specific examples from those few areas of the United States with multiple pass coverage are
compared with the data obtained from the Panama imagery, and it is apparent that look-
direction does influence the detectability of certain geologic features. Depending on the
relatwe topograpbic relief, effective incidence angle, and look-direction, geologic features
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can be advantageously enbanced or can be completely suppressed. Maximum data retrieval from
radar geological reconnaissance in poorly mapped areas necessitates imaging the specific region from
four orthogonal look-directions; nevertheless, single strip fmagery can contribute significant informa-
tion for geologic analysis.

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 enly).

Authots” Abstract: Unlike many remote sensing techniques, especially conventional optical
sensors, raday can record terrain data irrespective of most weather conditions and totally
independent of solar illumination. Radar imagery of eastern Panama and northwestern Colombia
represents neoteric terrain information from a relatively unmapped region where conventional
recounaissance metbods bave been particularly unproductive due to perpetual cloud cover and
lumited accessibility. Interpretation of this terrain information for geologic and geomorphic
analyses bas allowed the definition of certain advantages and hmitations when utilizing radar-
derived data for geoscience investigations.

Through the analysis of radar imagery the areal distribution of rock type and geometric orienta-
tion of structures can be inferred for the determination of structural provinces. Where contrast-
ing lithologies are topographically expressed, stratigraphic sequences can also be inferred

Radar imagery resembling a shaded-relief map provides an excellent tool for delimiting geomorphic
regions. The added geologic and hydrologic information available from radar mcreases reliability
of landform analysis; bowever, in certain tropical terrain environments, multiple imagery passes
utilizing four different orthogonal look directions will be required to accurately define certain
geologic and geomorphic parameters.

The geoscience data available on the vadar imagery for eastern Panama and northwestern
Colombia far exceed the terrain mformation previously available, and when supplemented by
corroborative field reconnaissance data, radar remote sensing offers the only practical reconnais-
sance in cloud-sbrouded inaccessible environments. (Copyrighted by 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.

Authots’ Abstract: Side-looking imaging radars bave proven to be a major sensor for geological
reconnaissance studies in cloudy environments. Results bave been sufficiently encouraging to
support investigation of high-resolution radars as a spacecraft sensor for mapping and resource
evaluation. For geological practicality, it is assumed that radar’s most significant contribution
would be in those geographic regions containing relatively inaccessible, poorly mapped, mountainous
terrain where photograpby cannot be obtained. However, data analysis from this study reveals

that for certain terrain configurations, the amount of retricvable geologic information will be of
marginal ntility unless careful consideration is given to the geometry of both the imaging system

and the terrain itself.
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In low-relief areas, the obligue dlumination and resultant shadowing by imaging radars can
generally provide enbancement of topographbically expressed geological features, but 1
mountainous terrain, radar shadowing can deter geological interpretation. Especially in
rugged terrain, two mberent disadvantages of a radar imagery format which can binder geo-
logic interpretation are extenswe shadowing and layover. Radar depression angle and terrain
siope define the range over which shadow and layover will occur, but the extent of either
parameter 15 defined by relative relief. For most operational side-looking radar systems, the
interpretwe data loss increases as terrain slopes exceed 35 degrees and local relief surpasses
1000 meters, Trade—offs between loss of geologic data due to radar shadow and layouver,
versus swath-coverage, have been evaluated. Similarly, the advantage of shght radar
shadowing in low relief areas is considered Near- and far-range depresston angles have been
recommended according to five global tevrain categones, and mmaging altitudes are considered
for both arrborne and spaceborne platforms.

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, Technical Papers, Electro-Optical Systems Design Conference, New York, 12-14
September, pp. 68-78. -

Authors’ Summary: The geologist in the field was not replaced with the advent of the
aerial photograph, but bis job wis made easter and bis data became more understandable
and meaningful, Simnlarly, it is not the mtent of this paper to claim that radaris a
panacea for geological reconniussance, but simply to point out that the mterpretation of
radar fmagery may contribute significant geologic data for reconnasssance surveys

Unquestionably, radar w:ll add mformation not obtained by other remote sensors, even
when the weather 1s suitable for them. However, radar will prove to be the primary sensor
for any survey that must be performed n a specified time, regardiess of operational con-
straints.

In generval, the umgue contnbution of radar 1s most hikely to be at a maximum (1)
remote and poorly-mapped areas of the world, (2) where 4 regional rather than detailed
picture is desirable and (3) where chmatic conditions are adverse to ground and aerigl
photographbic mvestigation. Certainly radar remote sensing offers the only practical tech-
nique for reconngissance mapping in the wet tropics; bowever, where aenial photography
can be obtained, radar imagery should be visualized as a supplement providing its own
umque data contribution.

Realistically appraising the wmberent hmitations of radar geological reconnaissance, the
capability of obtaining topographic mapping data simultaneously with geologic information
provides the geologist with an important exploration tool.

Ewdence accumulated to date suggests that mulu~frequency, polypolarization radar systems
mounted on orbiting spacecraft will usefully complement ground-based studies m tackling
gross scale mapping problems. The full geological significance of side-looking radars bas
not yet been demonstrated; however, it seems certam that when new systems with longer
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wavelengths and improved resolutions are developed, the geologist will find the value of
radar greatly enbanced ({Reprinted from Proceedings of the 1972 Electro—Optical Systems
Design Conference. Copyright ©@1972 by Industrial and Scientific Conference Manage—
ment, Inc.)

This paper is csscntia}ly 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 pnmarily 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 1s introductory ~ of possible use for a first reading 1n radar geology.

MacDONALD, H. C, and R. 8. 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 Panama and nortbwestern Colombia
bas gained unpetus from recent sidelooking radar mapping. Radar-derived geologic infor-
mation 15 new available for approximately 40,000 sg km where previous reconnaissance
investigations have been extremely hmited because of inaccessibility and perpetual cloud
cover.

With radar imagery as the sole source of remate sensing data, the distribution, continuity,
and structural gram of key strata provide evidence that the eastern Panamanian Istbhmus can
be divided into 3 main physiwograpbic—structural parts. -Two composite coastal mountain
ranges are separated by the Medial Basin which trends southeastward from the mouth of
the Bayano Rwver to the Atrato Rwer valley of northwestern Colombia, Within the Medial
Basin, the most obvious site for petroleum exploration, the majority of clearly exposed
surface structures are not particularly attractive prospects because prime veservoir strata
have been stnpped from thewr crests. However, several large geomorphic anomalies which
have been mapped m the Medwl Basin may be reflections of subsurface structures baving
a complete stratigrapbic section. The possibilities of gravity~type entrapment in fractured
organic shales, siltstones, and carbonates have been suggested along the soutbern synclinal
trends of the Medwal Basin. The soutbwestward extension of the Medial Basin trend,
comcident with umgue beach rdges from a possible granite source, prowdes an attractwe
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 Canbbean
coast suggest possible offshore sites for geophysical surveymg. (Abstract copyrighted by
AAPG.)

MacDONALD, H. C,, 1973
Imaging Radar - Tool for Petroleurn 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
oniy).

Author’s Abstract: Remote sensing merbods have great porential application in geologic
exploration for fuel and muneval resources. Unfortunately, many of the more exotic
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remote-sensing technigues are still in research and development stages, and most surveys
must be conducted in the framework of expertmentation rather than routme operation.
Stdelooking radar (SLAR) 1s one of the exceptions to this overall categorization SLAR
systems, oviginally developed as all-weather military reconnaissance sensors, ave prowding
extremely encouraging results mn geologic exploration. Although the success of SLAR
surveys bas nor been widely publicized, more than 6 mnilton sq km of radar mappng has
been completed during the past 3 years. Three commercial radar-mapping contractors
bave conducted geologic-reconnaissance surveys in some of the world’s most maccessible
and remote terrain. Radar imagery is prowding a first look at many clond-shronded
regions in Brazil, Venezuela, Colombia, Panama, Nicaragua, Indonesia, and Austraha.

The fine resolution of aerwal photography is not presently qvailable with imaging radars;
however, they do offer the distinct advantages of a large swath of ground coverage
(eyprcally at least 20 km). This synoptic presentation allows the mterpreter to become
gquickly fanuliar with the essential features of structural provinces Mimmal scale dis-
tortion allows stereoscopic interpretation on imagery strips that can be enlarged to at
least 10 times the acquisition scale. Radar-mosaic construction bas prowded sufficient
base-map information to anticipate and evaluate logistic problems to be encountered
during setsmic operations or when reconnoitering a territory for favorable dvilling sites
Stde-looking radar, like any tool, bas hnutations as well as capabilities for petroleum
and minerial exploration. (Abstract copynghted by AAPG.)

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

Imaging Radars Provi(ie Terrzin 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 Martenials Discrimi-
nation with SLAR in And Environments, Report 177-25, Center for Research in Engineering
Sciences, Space Technology Laboratories, University of Kansas, Lawrence, Kansas, January, 37 pp.

Authors’ Abstract: Regions baving a continuous vegetal canopy provide the radar
interpreter with a relatively difficult terrain configuration for mferring surface

roughness and surface materials. Where vegetation covers the ground surface, the radar
return signal may be mfluenced by the combination of the vegetation and the terrain
surface beneath the vegetation. Where vegetation is sparse or absent, bowever, an umaging
radar becomes extremely sensitwe to the actual surface roughness and surface particle size
and texture dominate the microwave return signal

The physical characteristics of desert valleys and playas are of concern to the geoscientist.
Desert valleys are being exploited for their potential bydrologic-land use significance, while
desert playas may provide potental aircraft or spacecraft landmg sites. In this unigue and
environment the dual-sensor combination of an imagmg radar and aeral photography
provides a practical method of monitoring gross changes i surface textures of alluvial fans
and playa surface conditrons, In addition, it appears feasible that surface materials and
relatwe surface roughness may be inferred with an improved degree of interpretive
reliablizy.

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 It
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 dara, 1t 15
possible to differentiate the younger (lighter toned) alluvial fans from the smoother and older fans. For
areas of playa lakes, the aerial photo/radar combinauon 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 ATkansas, Fayetteville, Arkansas, November, 28 pp. (NTIS N78-33644)

Authors’ Abstract: Radar fmagery at 25-cm wavelength (L-band) was obrained over the
Arkansas test site on November 4, 1976 and May 29, 1977. Preliminary geologic evaluation
of the Jet Propuision Laboratory L-band data included comparison with Landsat, Skylab, and
other shorter wavelength radar tmagery previously obtained over the test site.

The relatively small angles of incidence (steep depression angles) of the L-band system provide
minimal shadowing on terrain back-slopes and considerable foreshortening on terrain fore-
slopes which sacrifice much of the topographic enbancement afforded by a more obligue
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 surface features defined primar-
ily by subtle changes in vegetation are lost. In areas having terrain conditions sunilar to
those of northern Arkansas, and where Landsat and shorter wavelength aircraft radar data
are auvailable, the value of the JPL L-band 1magery (especially in the normal mode configu-
ration as mounted on the NASA Convawr CV 990) as either a complementary or supple-
mentary geologic data source is not obwous If the L-band imagery provided for this pre-
biminary evaluation is an example of what might be expected from space (SIR-A), then we
anticipate a considerable degree of reluctance by the geologic community to accept radar as
an improved geologic remote sensing techmgue

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 mverpretation, specifically imagery formar, 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 obrtained from space
and if Landsat, photographic and aircraft radar data are not available, then some geo-
logic information can be extracred; however, the complementary or supplementary
value in relation to other data sources is not obvious at this ame.’

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 thart resolution is
mentioned with respect to the several radar systems used for comparison. The paper is apparently
mncorrectly titded, for although the authors give a recitation of the geologic setung, 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 qualirative 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 radar backscatter units in the Askja Caldera
region of Iceland was examined in coniputer-enbanced like- and crosspolanized radar images
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A field survey of the caldera was then used to check the accuracy of the preliminary
analysis. There was good agreement between predicted surface roughness of backscatter
units and surface roughness observed in the field. In some cases, variations could be
correlated with 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 {ilm 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 ateributed to two sources: moisture and wet lichens on the surface.
The authors make two observations thet 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 distingunished, and (b) “That as long as radar interpreters de 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.”

MARTIN—KAYE,P.H. A., 1973
Geology of Eastern and Central Nicaragua — Interpretation of Side-Looking Radar Imagery
Presented at the-54th AAPG—47th SEPM Nartional Meetings, Anaheirn‘, CA., 14—16 May.

American Association of Petroleum Geologists, Bulletin, Vol. 57, No. 4, April, pp. 752
(abstract only). .

Author’s Abstract: Ir late 1971, the entire country of Nicaragua was surveyed by side-looking
radar for the production of a 47sbeet sequence of 1 100,000-scale mosaics Interpretation of
the imagery of the central bighlands and eastward toward the Atlantic Coast bas contributed
substantially to the elucidation of the geology of this previously little-known region. Altbough
Hittle that is new bas been added to the stratigraphic column. the distribution of the main
stratigrapbic units has been clarified, and the principal structural elements establisbed. The
work in Nicaragua s an additional example of the quality of side-looking radar for vapid
regional geologic interpretation and consequent guidance of ground programs, (Abstract
copyrighted by AAPG )

MARTIN—KAYE,P.H. A,, and A. K. WILLIAMS, 1973
Radargeologic Map of Eastern Nicaragua

Memorirna de Ia IX Conferencia Inter-Guayanas, Boletin de Geologia, Publicacion Especial No. 6,
Caracas, Venezuela, pp. 600—605.

Authors’ Abstract: The speed of stde-leok radar survey, independence from daylight and most
weather conditions, together with the strength of imagery for interpretation, render the system
particularly valuable for rapid regional studies of areas with persistent cloud overcast.

In 1971 the Westinghouse Electric Corporation undertook a radar survey of the entire country

of Nicaragua, the interpretation of approximately 2/3vds of the vesulting 1 250,000 scale vmagery
in geclogic and other teyms was subsequently carried our by Hunting Geology and Geophysics,
Ltd The study, covering about 80,000 square klometers, forms part of Phase Il of the two-
phase country-wide survey programme of Catasire ¢ Inventario de Recursos Naturales for the
assessment of Nicaragua’s land development and mineral potential. The Phase II project
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area encompasses East, North and Central Nicaragua much of which 1s poorly accessible and
has been geologically little known.

The geological interpretation of the imagery, presented in a map sheet series at 1. 100,000 scale
to overlay radar mosaic sheets, was executed without ground check work and relied upon
interpretational skill and the generally sparse existing data, There are hmitations to detail and
confidence in surveys of this nature but a very much improved geological map of the region
has resulted. Of particular importance is the regional guidance that map can now provide to
mineral exploration. A simplified compilation at 1:500,000 scale of this map is presented.

Nicaragua belongs partly to Nuclear Central America and partly to the South Central American
Orogen. The country is made up of eight major structural umts. (1) A Paleozotc Nucleus in

the northwest consisting of sebists, greywackes, conglomerates and limestones. (2) A Mesozorc
Platform in the north and centre consisting of limestones, shales, conglomerates and volcanics,
overlamn 1n part by relics of a Tertiary volcanic archipelage. The Paleoscic and Mesozoic are cut
by a number of Laramide Grantic plutons. (3} A southern Volcanic Province, apparently laygely
of submanrine volcanics and some Lower Tertiary sediments. (4) A Central Highland Trausition
zone between (2) and (3} above, of confused structure and overlapped partly by (5). (5) An
Ignimbrite Province east of the Nicaragua Depression in the central parts of the country charac-
tenized by ignimbnitic effusions. (6) The Atlantic Coastal Basins occupied by Tertiary sedimentary
sequences. (7) The Nicaraguan Graben, marked by the Nicaraguan Depression. (8) The Pacific
Coastlands and Sterras. All except (8) are represented in the Phase 11 Project Avea. (1) and (2)
belong to Nuclear Central America, the remainder to the South Central American Orogen or
transition zones.

Faulting is on a large scale, Two man divectsons are recogmzed NW-SE ro NNW-SSE, the
Amensgue trend, and NE-SW to NNE-SSW, the Isabella trend, the latter being in part younger.
A very large Amerisque fracture zone, the Mauguas Fault zone, traverses the country from
Punta Mona on the Atlantic Coast to the Honduran border, continuing norvthwards for a total
of about 500 km. Mmerahsation appears mamnly associated with faults of the Isabella trend.

A bnef description of the geclogy and stratigraphy of Eastern Nicaragua is presented in this'paper, but it
is dufficult to determine the exact role that was played by radar in the defimion 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 rraceable 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 possibie.”

(4) “Young (Larte 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, 1t is noted

that “The good resolution of the K-band brings greater susceptiblity to interference by ramfall...” Both of
these comments indicate some confusion between resolution and wavelength.

MATTHEWS, R. E., editor, 1975
Active Microwave Workshop Report

NASA SP—376, U.5. Government Printing Office, Washington, D.C., xii, 501 pp. (NTIS
N76—11811).

No author's a.l_)stracz.

64



Data from a conference on active microwave systems are summarized. Summaries ¢c ver 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 becanse it'was
written by a number of individuals. Hence, when the various portions were blended rogether, some
variance will be noted in nowation, style, etc, Nonetheless, this report is one of the mosy up-to-date com-
prehensive statements on the state-of-the-art vis-a-vis imaging radar remote sensing as applied to earth
Iesources.

McANERNEY, J. M., 1966
Terrain Interpretation from Radar Imagery

Proceedings, Fourth Symposizm 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 interpretation of physiograpbic and cuituval terrain features from
imagery obtained with bigh resolution, side-looking radar alone ss demonstrated. Two areas
in the central United States are used as examples. Through a deductive process similar to

that used in interpretation of visual aerial photography, it 1s shown that a tramed mterpreter
can describe the physiography, geology and soil of a land surface and provide a reasonable
assessment of the geograpby of a populated region. The discussion includes an example of
measuring terrain rehef from radar shadows.

Two sets of images, skerch 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 interprerations, 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/APQ-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, Houstor,
January, pp. 36—1 to 36—9 (NTIS No. N72-29327).

From Author’s Introduction  With the development of multipolarized side-looking radar
systems, it became possible to record rwo orthogonal components of the backscattered
radiation m the form of two congruent and sumultaneously produced radar ymages, a
like-polarized image, either HH or VV, and a corresponding cross-polarized image, HV or
VH. Study of Westingbouse AN/APQ-97 Ka-band multipolarized imagery acquired in
1965 and 1966 as part of the Earth Resources Program bas uncovered various targets
that appear differently on the like- md cross-polarized images One group of polarization
anomahes bas concerned geologists for some time, namely the significantly lower cross+
polarized returns produced by certain volcanic 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 wavelengih of the incident radar are
abundant, and detriral 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 imagery.

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 Arcas of Alpine Glaciation

Presented at the Sixth Annual Meeting of the South-Central Section of the Geplogical Society of
America, Manharttan, 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 terram display that
enkances many of the landforms resulting front alpine glaciation. Imagery of the San Juan |
Mountasns of Colorado, the Sierra Nevada of California, and the Yellowstone-jackson Hole
region of Wyoming was used in the evaluyation. Cirgues, aretes, glacial troughs, banging
valleys, roche moutonnees and aother erostve effects of alpme glaciation are all displayed on
the wmagery, as are depositional landforms including lateral and terminal moraines, outwash
plans, and knob and kettle topograpby. Although shadowing in the far range is found to be
excessive in some areas of bigh relief, this same shadowing feature of side-looking radar 1s
shown to be beneficial mn delineating features of subtle topograpbic expression such as low
moranal ridges. Long linear grooves of up to three miles.in length vesulting from differential
glacial erosion are also vividly displayed in one area of study. Although the large scale of the
imagery discourages detailed studies, it aids those of a regional nature, Differential glacial
erosion due to variations in local climate 1s expressed in imagery spanning the crest of the
Sterras, and large scale tmagery of the Jackson Hole area allows the mference of glacial
bistory. In addition, radar imagery shows potential for intervegional studies (Copyrighted
by GSA.)

MOORE, R. K. and L. F. DELLWIG, 1966
Terrain Discriminadon 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
iragery 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 brochure specifically outhnes the application of side-looking airborne
radar in resources inventory, land utilization and geologic studies. The equipment and tech-
nigues explained bave recently become available commercially for resource surveys and

related work through Motorola Aerial Remote Sensing, Inc.

The survey involves three basic operational phases as follows:
1) Data Gathering — A side-looking airborne radar survey of:the total geographic
area of interest;

2) Data Processing — Preparation of radar imagery strips and raday moesaics covering
standard 1.250,000 topographic map sheets; and

3) Data Interpretation — Maps providing an initial geological interpretation of the
survey data to the extent needed to provide basic geologic and resource classification.

These phases are more thoroughly discussed and sllustrated in following sections of this
brochure.

NATIONAL RESEARCH COUNCIL, 1977

Microwave Remote Sensing from Space for Earth Resource Surveys

Committee o Remote Sensing Programs for Earth Resources Surveys, National Academy of
Sciences, Washingron, 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. Itis

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 salimty
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

Sidelooking 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 Mihtary 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, 1972¢), the introductory section consists of 2 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 earthguake and volcano disasters, soil moisture, 2nd 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 expenmental program emphasize that the decision to continue support should
depend on: (a) instrument performance, {(b) testmg of instrument under field conditions, {¢) training

a cadre of interpreters and (d) development of data processing techmques. A program for each of these
topics is briefly outlined in the paper. Itis also suggested that spectral signatures are likely to yield more
reliable results than do pattern recognition techmques. 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 (2) although SLR instru-
mentation will be perfected, so will other sensors; (b) SLR has a wider dynamic 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. Procedures for identifying likely sources of materials for engineering
construction with multi-spectral vemote sensor are applied to a part of the Mississipp:

Delta. Sensors included panchromaticolor and color-amfrared photographs, thermal-mfrared
nmagery, vadar, nine-channel multispectral scan imagery, and small-scale photv-ndex mosaics
Ground truth was acquired concurrently with the remote sensor overflights, it meluded soul
muoisture, soil temperature, wind velocsty, ground photographs and soil samples A two-phase
procedure mvolved a regional analysis followed by a detailed analysis. The APQ-97 was the
most versatile radar system for regional analysis Color infrared photographs were preferred
i most mstances for detailed analysis in the delta environment Thermal-mfrared imagery
provided useful information where 1t was apphed m conjunction with pbotographs. The
highest potential sources of constyuction materials in this area were withm the cheners,
powmt bars, river bars and active beaches (Copyrighted by the Ambevican Society of
Photogrammetry.)

Three radar systems (APQ-102, APQ-97, and APS-94) were used; the second gives excellent 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: Fre basic ideas are identified, the combination of which constitutes
radar, A clear distinciion is then made between this combmation of ideas, the contemporary
technology from which it grew, and the contemporary scientiftc knowledge on which 1t was
based. The mamstream of the development of vadar is traced in a sequence of related events
frome 1922 to 1941. The technological problems encountered and the solutions employed in
the first radar development are outhned m some detail. Two sidestreams of radar development
are identified. Relationships among the three streams are discussed

The five basic ideas constituting radar-are:

(1) Detecuon 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 redar mosaic of Massachusetts, at a scale of 1 500,000
made by the Grumman Awcraft Engineeving Corporation under contract for the U S.
Geological Survey in cooperation with the U.S. Army and National Aeronautics and Space
Admmistration, presents an overall view of the geologic and geograpbic features of the
state,

Lineament patterns allow recognition of major structural features that can be related by
geologists familiar with local areas to faults, joints, folds, and stratigrapby of the bedrock
and drumbins, fans, and channels of Pleistocene depostts,

More refinement of the method 1s needed to obtain umiferm quality of imagery, correct-
ness of scale, and appropriate orientation of flight lines for maximum use in unknown
terrain  (From. Dellwig, et al., 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 confronung 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, Canada {Contract SP2-7090163, Serial
28P3-0024), November, 128 pp., figs., refs., tables.

From the Author’s Conclusions: Radar may be considered as a unigue sensor with the following
specific advantages and shortcomings with regard to terrain analysis:

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

b) synoptic capability extended through the production of mosaics, but this is mere difficult
with slant range than ground range format data;

c) constant illumination angle for the entire swath of radar data;
d) accentuation of topographbic detasl due to obligue look angle;

e) radar shadowing emphasizes directional trends of the topography;

P radar shadow data show high correlation with local relief if the random azimuth method is used;
g more.textural detal is avaslable from radar than from other types of fmagery at equivalent
scales;

b) radar most effective in definttion of water bodies for a summer scene;
radar is less effective at definition of drainage patterns especially for first and second order
streams;

i} soil and rock types are identified by inference only;

M typically strong returns ave veceived 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 O8FEB72 and on
J04JUL72. 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 thart as the range of the radar icreases,
the density of the film recordings increases to a point where the depression angle is approximately

10 degrees. At that pomnt, the density curve reverses. This is rrue 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 maorphology 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 syntheric 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 Canadian Symposium on Remote Sensing. Guelph, Onrario. Apr. 1974,
pp. 471—485.
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Author’s Abstract: When considered as a remote sensing system for terram reconnaissance,
radar bas many advantages. The outstanding features of SLAR systems ave their wide angle
coverage, the capability of imaging m darkness and poor visibility, the enbancement of topo-
graphic features as a result of obligue illumination, and the provision of information regarding
terrain roughness and local relief in the texture and shadow of the radar unage. Motorela
AN/AP$-94D, X-band radar was used 1 this study with imagery obtamed along a 65 km
transect in the Laurentians between the Ottawa valley and Mt. Trembland Park.in both
summer and winter conditions. All aspects of rerrain were examined including surface com-
position vegetation and snow cover, and surface morpbolagy. Densitometric technigues
were wsed to examne the differences i radar backscattering between the vavious surface
and cover types, to assess the effects of depression angle on the 1image tones, and to dis-
criminate between water bodies and radar shadows Radar tone and texture were shown to
be related to differences in vegetation structure. The role of radar imagery in providing

a basis for terrain type mapping was demonstrated and a techrique eleborated for using.
radar shadows n the analysis of lacal rehef.

The author of this paper has addressed himself to several of the features that are commonly studied by
geomorphelogists. 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 well
organized and presented study and provides guidance for others working in the discipline. It is noted that
geologic structure (but not lithology), 3rd 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 litde that is
genuinely new to the general study of radar imagery (rermed 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 daza.

PASCUCCIL, R. F., 1971
Comparative Contribution of Three Sensors to the Remote Sensing of Geologic Environment

Paper presented at 37th Annual Mecting of thie American Society of Photogrammetry,
7—12 March.

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

Author’s Abstract: Inn order to determine the relative and unigue contributions to the
mapping of geologic environment that conld be made by three of the most promising
non-pbotographic, remote, awrborne sensers, two test areas i California were overflown,
one in the western foothills of the Sierra Nevadas and the other on the eastern flank of
the Ceastal Range. The sensory used were an APQ-97 side-looking radar, an AAS-10
thermal infrared line-scanning system, and two passive microwave radiometers operating
at 30.2 and 10,0 GHz. Interpretation of the sensor data thus acquired, and companson
of these data with the available “ground truth” maps of the area, revealed that the side-
looking radar was superior to the others both in geologic content and interpretational
accuracy. The thermal infrared was found to contain less useful geologic data, of which
some was redundant and much was hable to spurious wnterpretation. However, it was
also found that the mfrared, by sensing in a different parametric regime, detected features
that the radar did not, suggesting that the infrared can be a valuable adfunct to side-
looking radar in a multiple sensor geologic survey.

It could not be satisfactorily demonstrated that the passive microwave radiometers

provided any useful geologic data at all. (Copynghted by the American Society of
Photogrammetry.)
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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 paper is an analysis of radar smagery of a region near Salt Lake
City, Utab. K-band radar of an area 12 miles wide and 30 wtles long was exanuned to document
1ts potential for abtaining information on physiographby, surface materal, geomorphic nstory,
mineralized areas, drainage, land use, and transportation

Both HH and HV polarizations of the AN/APQ-97 radar were examined with the naked eye
and with a 5power nucroscope. 2X prints of the radar imagery weve also used in the study.

Thorough study of the radar imagery resulted 1n a wealth of information, much of which is

new and not m reports or maps of the area. Examples are some ancestral stream patterns with
resultant information on the origin of the Wasatch Range, fracture zones, and possibly undiscovered
minerahzed areas

After a study of the radar, information obtained from the imagery was compared with data
on topographbic maps, geologic maps, and 1.63,360-scale aerial photomosaics It is ssignificant
that even though the scale of the radar imagery is only approxamately 1. 160,000, it was nec-
essary to consult maps of 1-24,000 scale to observe some of the same features. In some

cases comparison of first-round radar data with published data gave clues to more features to
search for on radar simagery and resulted in new discoveries. Examples are two previously
unreported major fracture zones and a joint set that appear to control location 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 Benneville 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
10 have value 2s 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 Abstrace,
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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 adjusunent — 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 determuned 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
sornc 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
aceuracy, and signature studics to facilitate antomated data processing. The author concludes: “Of all

the relatively new remote sensors tn use (IR scanners, radiometers, scatterometers, etc.) side-look radar

has been the most useful and most successfully applied tool for earth fesource 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 radar mossic of the Yellowstone National Park avea depicts the
topographic and surface textural features of five major rock units and structural features
well enougly that a fairly accurate generalized geologic map could be drawn, Correct
rock units are shown in 70 percent of the area of this interpretive map. Interpretive
errors result in the areas where diagnostic features are masked by surficial deposits

or bave been modified by glacial scour or 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 Applicatdion

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-208-394).

Authors’ Summary: The techmnical objective of thns study was to determing the capability
of a Reconnaissance Radar Systent and Topo Il Radar System for application to point
positioning, map reviston, and gap filling.

The investigation was essentially a test to determine bow accurately target images,
appearing on a reconnaissance radar record, can be transferred to a data base, No a
priori knowledge of either the radar equipment or the flight parameters was assumed.
The work included a study to determine the bebavior of error propagation across the
radar format based on a preassumed radar transformation, errors tn radar imagery
measuremnents, and errors i control point coordinates. Photo, radar, and map data
bases were employed in the muvestigation.
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A small part of the study was the examining of radar records for ground detail normally
shown on maps, A 21-parameter transformation program, fully docupdented, is a deliverable
item.

It was concluded that the Reconnaissance radar geometry is sufficiently stable and bas adequate
resolution for 1.50,000 scale map revision, both for positioning and wmap detail. A pboto base
provides the best graphic for transferring points from radar records The “calibration™ of a radar
record, by determining transformation parameters over a control area, appears feasible,

It was recommended that actual tests be conducted to determine the map content and
accuracy of placement that can be realized, using the Reconnaissance or Topo II radar
imagery, for map revision and gap filling.

Authors’ Conclusions:

+

U\m:pw!q

Most of the total error in transforming points comes from misidentification of conjugate points;
Photo base is superior ro map base for use with SLAR;

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

Local transformations are prcf'errcd to extended area transformations;

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

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

Stated ground resolution of reconnaissance radar is misleading for the type of detail of interest

to mapping or for ground control points;

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

The-term “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. 889 (abstract only).

Authors’ Abstract: Radar systems for orbital mssions, earth and lunar, are being developed,
The system for the initial earth-and-lunar missions conssts of a two-frequency (0.4 and 8 giga-
cycle) altimeterscatterometer and 8 ge polypolarization imager. A more advanced multifre-
quency (05, 2, and 8 ge) polypolarization imager, with color display and otber image enbonce-
ment techniques, is proposed.
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To establish the feasibility of radar as a tool for geologic studies, and to develop technigues
for its use, radar scatterometer data and imagery bave been obtained from aircraft flights.
Preluninary results suggest that radar data are useful for structural geological analysis, for
distinguishing among gross lithologic units, and for distinguishing between various rock sur-
faces such as those of aa and paboeboe lava flows. Faults, poorly recognizable on conven-
tional aerial photograpbs, are often seen clearly on radar images. As the amount of soil
moisture greatly mfluences signal return, radar should be a useful tool for bydrologic
studies. Geomorphic features are accentuated by low angle illumination in side-looking
radar. (Copyrighted by the American Society of Photogrammetry.)}

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, Bouldcr, p. 369 (abstract
only). N

Author’s Absteact: Certain structural geologic features may be more readily recognized on
sidedooking (airborne) radar (SLAR) imagery than on conventional aerial photography or
other remote sensor fmagery, or by ground observations. SLAR systems look obliguely

to one or botk sides, The image resembles obhque aerial pbotography taken at low sun
angle, with the sun divectly bebind the camera, but differs from it in geometry, resolution,
and information content. Radar operates at much lower frequencies than the buman eye,
camera, or infrared sensors, and thus “sees” differently. The lower frequency engbles

it to penetrate most clouds and some precipstation, and limited sarficial cover. Radar
provides its own tllumination which can be closely controlled in intensity and frequency.
It is narrow band, or essentially monochromatic,

Low relief and subdued features are accentuated when viewed from the proper direction.
Two different runs over the same area in the vicinity of Meteor Crater, Arizona, at

20 degrees from each other, show that images taken in one direction emiphasize features
that ave not emphasized on those taken in the other divection; optimum dwrection is
determined by the features desived to be emphasized for the purpose of the study.

Folded sedimentary rocks cut by fauits can be clearly seen on radar imagery of nortbern
Alebama and central Pennsylvania, Lincaments interpreted as faults stand out on radar
imagery of central and western Nevada. In these areas, certain structural and stratigraphic
Jfeaturss ave more pronounced on the radar imagery than on conventional photograpby, and
the radar imagery materially aids structural interpretation. (Gopyrighted by GSA.)

REEVES, R. G., 1968b
Structural Geologic Interpretation from Radar Imagery

U.S. Geological Survey Open File Report — NASA-102, Washirgton, D.C., 14 pp. + figs. (NTIS
No. N6% 13927).

Author’s Abstract: Certain structural geologsc features may be more readily recognized on
side-looking awrborne radar (SLAR) imagery than on conventional aersal photography or
other remote sensor umagery or by ground observations. SLAR systems look obliguely to
one or both sides. SLAR images resemble aerial photographs taken at low sun angle, with
the sun directly behind the camera, but differ from them in geometry, resolution, and
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wnformation content. Radar operates at much lower frequencies than the human eye and
camera or infrared sensors, and thus “sees” differently. The lower frequency enables it to
penetrate most clouds and some precipitation, baze and dust, and some vegetation. Radar
provides its own illummation which can be closely controlled m intensity and frequency. It
is narrow band, or essentially monochromatic.

Low relief and subdued features ave accentuated when viewed from the proper divection.
Runs over the same area, at significantly different directions (more than 45 degrees) from
each other, show that images taken in one direction may empbasize features that are not
emphasized on those taken in the other direction; optimum direction is determined by the
features desired to be emphasized for the purpose of the study.

Lineaments interpreted as faults stand out on radar tmagery of central and western Nevada.
Folded sedimentary rocks cut by faults can be clearly seen on radar imagery of northern
Alabama. In these areas, certain structural and stratigrapbic features are more pronounced
on the radar wmagery than on conventional photography, and the radar imagery materially
aids structural interpretation.

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., 1968¢
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

PPl 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 (sec aiso:
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 {approximarely 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 Annnal Meeting, American Association of Petroleum Geologists, Denver, 17—19 April.
American Association of Petroleum Geologists, Vol. 56, No. 3, March, p. 647 (abswact only)

Authot’s Abstract: The NASA-supported Bonanza Project of the Colorado Sciroel of Mines
and Martin Marietta Corporation bas as its principal objectives (1) education in the geologic
applications of remote sensing, (2} development of technigues for the geologic interpretation
of remote sensor data, and (3) specification of the most useful parts of the electromagnetic
spectrum for geologic remaote sensing. The ultimate goal is to provide a test site over which .
to calibrate spaceborne remote sensors and from which to extrapolate interpretations of
remote sensor data into surrotnding areas. Research to accomplish these objectives is carried
out 1 the field in the Bonansza test site (an area of approximately 10,000 sq mi in west-central
Colorado} and in laboratories at CSM and MMC. Afrborne remote sensof data, including aerial
photography, infrared imagery and radiometric dats, microwave radiometric data, and radar:
umagery and scatterometric data are acquired (by NASA) and interpreted. Detaded ground
measurements are made during overflights, and extensive ground investigations to assist in

the interpretation of the airborne data have been carried out, Measurements include surface
and subsurface temperatures, soil moisture, armosphberic characteristics, and incoming solar
radiation. Ground investigations include detailed geologic mapping, studies of physical
properties of rocks and soils, spectral reflectances of natural materials, and relation of vege-
tation of geology. To date, the research bas added to structural and stratigraphic knowledge
of the Sangre de-Cristo and Sawatch Ranges and San Luis and upper Arkansas valleys, and

to knowledge of structure, rocks, and geologic bistory of the Bonanza volcanic field.

{Abstract copyrighted by 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 research study investigated the potentwul of available types of
remote sensing systems for the evaluation of soils and soil conditions for the purpose

of developing an optimum multisensor approack for detailed engineering soils mapping.
Other objectives of the study-were: (1) to investigate the value of quantitative measure-
ments on acrial photography and imagery for assistance in interpretation; and (2) to
performn a limited study to determine which parameters would be of value to measure
at the time of fiights.

Three test sites were selected which contained a varicty of land forms and soil units.

A total of nine flight programs were obtained over the test sites during the petiod from
May 1965 to June 1966, Coverage was obtamed with various types of aertal films (color,
color-mfrared, color negatwe, black-and-white panchromatic and black-and-white
infrared), a multiband camera, a radar sensor (K-band), infrared sensors (far infrared),
and a multichannel sensor (ultraviolet through far infraved). All of these types were not
obtainzd in any one flight program, but generally several combinations were obtained

at one time. Daytime and nighttime fmagery were ¢lso obtained during one flight.

The field investigations included ficld radiometer readings (taken during last two flight
programs), soil moisture content measurements, and resistivity surveys. Ground photograpbs
were taken during agrial flights to record the conditions existing at flight lime. Meteorologi-
cal data were also collected during flights. The resistivity surveys were 'performed to add to
the existing information known about the test areas. The remainder of the data were used

to belp evaluate the influence of various parameters on.the data collected.
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Quantitative aspects of the project included performing continuous scans with reflection and
transmission densitometers, to determine if typical density patterns existed for various land
forms. Attempts were also made to prepare isotonal maps. Densitometers were used to pre-
pare normalized response curves from multichannel data. A system was also developed which
determines the Munsell color notation on aerial photographs based on densitometer readings
with four filters. Based on this color measuring system, a metbod was developed to prepare
isochromal maps {(maps showing areas of uniform colors).

Major conclusions obtained in this study include- (1) the optimum multisensor system for
detailed engineering soils mapping is a multichannel sensor (minimum of seven bands 1n ultra-
violet through far infrared) obtained simultaneously with medium scale color aerial photography;
(2} alternate systems depending on availability of equipment and security restrictions are color
and color-infrared photography and infrared imagery obtained simultaneously, or color and
colordinfrared photography obtained simultaneously; (3) spectral response curves obtained by
normalizing multichannel data bas great potential for differentiating between various soils and
soil conditions automatically; (4) typical patterns for various land forms are not obtained by
densitometyic scans. Influence of various parameters results in more variations withm land
forms than between them; (5) the technique of determining Munsell notations by means of
densitometer readings is a simple, rapid method whose accuracy (for the intended purpose)

is commensurate with other color measuring systems; and (6) field measurements found to be
of greatest value in evaluating the photography and imagery include field radiometer readings,
ground photographs taken at the time of flight, and meteorological data. (Abstract from.
Dissertation Abstracts, 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 overreturn 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 arcas of cliffed mountainous
regions, especially along the margins of the ‘whiteout’ regions. These differences include (in terms of

surface geology):

(1) angular-to subrounded, blocky to slabby ralus rubble

{(2) combinations of cliffs and talus rubble
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(3} wet meadows underlain by silt, cobble-gravel and sand, diatomaccous 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. Itis 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. ]., 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, unrecognized during earlier geologic mapping, were discovered near the
Carlin Mine, Eureka County, Nevada, as a result of vadar image analysis. Because the major
faults show clearly, and many minor fauits can be recognized, radar imagery is considered to
be very useful in structural analysis in this area.

Radar is also belpful in distinguisbing major rock units by tonal contrasts, but its small scale
offers little belp to the geologist in differentiating small geologic 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 Center for Research, Inc.,
University of Kansas, in cooperation with several other universities and government
research agencies have substantiated the applicability of remate sensing to many fields
withmn the earth sciences, agriculture, and oceanograpby [1]. The purpose of this
paper is to show how the propertiés of radar are used to provide geoscience information.
(Abstract copynghted by IEEE.)

The paper is divided into two major parts:

Radar Return — A review of radar return parameters, especially as applied to scattérometer data for sea
state, terrain type, and ice type
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Emagery Interpretation —

(1) Interpretation of radar imagery in hydrologic studies — with special emphasis on drzinage
basins and terrain slope analysis.

(2) Interpretation of radar imzgery 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 Plicstocene geomorphology.

This paper is one of the betzer papers available for 2 bricf overview of somc 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, Oklashoma
Oklahoma Geology Notes, Vol. 30, No. 6, December, pp. 127—135.

Authors’ Summary: Remote-sensing investsgations by the U.S. Geologscal Survey at
Mill Creek, Oklzboma, have demonstrated the usefulness in the test site of side-looking
radar smages for delineating fractures and faults and of infrared (8-=14 poni dimages for
discriminating limestone, dolomite, and gramite. The thermal contrast of the limestone
and dolomite in the predawn image can be explained 1 terms of the thermal and
reflectivity properties of the two rock types,

**Radar images have been especially useful for delineating regional and-local structural features, particularly
faults and fractures” (p. 128). “The enhancement of subtle topography and vegetation on the radar image
. - . reveals many small tectonie anomaiies or lineaments that transect the test site” (p. 130).

RUMSEY,1. A.P,, 1972
Application of Thermal Infraved, Colour Infrared and Side Looking Radar to Mineral Exploration.
Canadian Mining Journal, Vol. 93, No. 8, April, pp. 56--60.

No Author’s Abstract

The fact that remote sensing has often been oversold andfor conducted by inexperienced operators and
interpreters has led to a certain amount of justified criticism by persons seeking to use remote sensing data.
The author empbhasizes 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 anomahes

over salt domes, over ore bodies, and along fault zones, With SLAR, * . ., topography causes the strongest
return (but) is least important from an interpretative point of view . . .7 One might question this comment,
even within the context of the title, for.even minor topographic expression often leads 1o major insights
concerning the underlying geology. SLAR is stated to be useful in (a) mapping gross lithologic differences,
{b) mapping Taults, {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 bedies.
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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. . GELNETT, 1976
Airborne Radar Finds Deep Fracture Controlled Pools
World Oil, Januvary.

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
Mortorola real aperture systems and covering a 100 x 150 mile area centered on the Four Corners area
of Utah, Colorado, New Mexico and Arizona is presented and discussed. The discussion centersion 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 Sympesium 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, pp. 193-201.

Geological Society of America, Bulletin, Vol. 78, No. 3, March, 1967, pp. 429436 (NTIS
No. AD 638 919).

Author’s Abstract: The mrensity of radar return energy, as modified by the factors of radar
llumination, surface roughness, and the geometry of objects, is discussed as applicable to local
geologic interpretation. The principles fnvolved are described and applied to analyses of local
geology n the southwestern United States. Conssderation is given to the use of return imtensity
in conjunction with geontorphic features to obtain a maximum of imnformation. Local geologic
interpretations of radar imagery are applicable to military terrain intelligence, natural resources
exploration, and planetary exploration,

This paper is essentially a state-of-thé-are 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.

81



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 fearures are annotated on bigh-reselution, side-
looking madar imagery and briefly analyzed. Anotber group of images is analyzed in greater
detail and the results applied to specific geologic problems in such fields as petroleum,
ground water, and metallic minerals. The introduction briefly discusses and illustrates
some of the radar imaging principles applicable to the earth sciences.

The introduction portion of this book is similar to the author’s earlier publications. The mzjor 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 m California is interpreted
in terms of geologic structure and rock type. Field checks and comparison with published
geologic maps indicate some revisions of existing maps. In particular, linears on the radar
imagery point to previously ummapped faults. In outcrops where surface texture 1s related
to bedrock lithology, the radar signature may indicate rock type.

The unmanned Earth Resources Technology Satellite (ERTS) telemeters multispectral-
scanner imagery that is reconstituted into reflected-infraredcolor imagery. With respect
to radar imagery, the ERTS imagery bas poorer spatial resolution and smaller scale; never-
theless, useful regional patterns may be interpreted. Repetstion of ERTS imagery on an
18-day cycle should enable us to determine the season for obtaining maximum geologic
information. (Copyright by 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 menner far superior to conventional aerial pbotography. Linear geologic features such as
fractures and faults are especiaily well recorded on radar imagery. Moisture vetention of
various ground surface materials is well displayed and is of significant value in geologic and
geomorphic interpretation,

Compositional and textural variations, on the other hand, are poorly differentiated in the

images of this areqa. Stratigraphic units within the crater walls could not be distinguished,
(From- Carter, W. D., 1968.)
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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 1329 (NTIS No. N71 16126).

Author’s Conclusions and Suggestions: Both the IR and radar data of the northern Arizona

sites were found to contribute at least something of unigue geologic value. The radar mmagery
contributed mainly because of its synoptic scale, moisture delineation, and topegrapbic enbance-
ment capabilities. All of these furnish data useful i interpretation of tectonics, surface moisture,
and overlapping sequences of lava flows Evaluation of the IR scanner data in this study provides
several new suggested uses for the system. (1) location of prebistorical Indian agricultural sites, and
(2) means of discriminating between recent {unweathered) volcanic ash and lighter, older
(weathered) asb-fall deposits as a function of radiant temperature and possible moisture

content.

Botbh the radar and IR scanner imagery provided rather disappointing distinction between
rock types in the study arsa. Part of this problem, however, lies in the fact that the velation-
ships between surface-conditions and-atinospheric attenuation with signal response are still
not well defined or understood for radar IR scanners, as well as the other sensors currently
being investigated. Basic spectral research in the laboratory and under simple field conditions
is the most urgent direction to proceed at the present time.

Although the gathering, interpreting, and field checking of images from these devices is of
great importance and should be continued, the users are becoming more and more aware of
the complexities which arise from diverse surface textures, moisture content, and changing
atmospheric conditions. As long as such parameters as these are misunderstood, scientifically
useful evaluations of image data will be almost impossible,

It bas become obvious that the laboratory spectral research and image evaluation programs
must become more balanced and that the results from each study more easily disseminated to
the users. Hopefully then, in the next few years, these programs will enjoy a fruitful union
that will be to the advantage of the earth resources remote-sensmg 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 an,area; look
direction toward the center of the triangle, offers enhancement of linears and topographic scaips 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'polari‘zed 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 qualjties. How-
ever, “‘ground detzil, emphasized by moisture content, was found to decrease appreciably with lateral
distance from the aireraft. . "

“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 the area.

In the Hopi Buttes study area, moisture retention qualites 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—B181.

Authors’ Abstract: Radar images at 25-em wavelength (\) were obtained in 1969 1n an area
near Flagstaff, in northern Arizona, as part of a feasibility program to evaluate the geologic
patential of long-wavelength radar systems for terrestrial applications, as well as for hinar

and planetary orbital research. The instrument, operating in a side-looking mode (0 degrees —
45 degrees look angle), provided image data which sharply delineated regions of finegrained
alluvium as areas of very low radar backscatter. The 25-cmn data enbance such alluvial
materials far more than both 0.86-cm-\data and low-altitude aenal photography of the site.
Swvmilar radar sensors with varying wavelengths in the decimeter range may enable discrimina-
tion of unconsolidated materals of a significantly greater vange in grain size.

Resolution for this 25 cm radar was 60 to 100 m in range (at 2 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 (j.e.,
lower backscatter) image. For alarger 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-em 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, Arizons, February,
35pp.

Also, Geological Society of America Bulletin, Vol. 87, No. 1, January, pp. 29-41.

Authors’ Abstract: Side-looking long-wavelength (25 cm) vadar finages of the salt flats and
gravel fans on the floor of Death Valley, California, show distinctive varitions in radar back-
scatter {(image gray tones) that can be correlated with systematic changes in surface rough-
ness of differing geologic units. Well-developed desert pavements on the oldest of the late
Pleistocene boulder gravels are clearly delineated as weak backscatterers on the images. A
size gradimng of gravels near the base of the glant gravel fans was found 1o be associnted with
a sharp transition from strongly diffuse to weakly diffuse backscatter observed on the
images. The transition takes place at gravel radii between 0,08 Aand 0.14 N (2.0 cm and
3.5 cm) in agreement with a scattering model presented in the paper. The model predicts
a breakpoint in the Rayleigh scattering region of the total radar cross-section that is
virtually independent of depression angle as long as the surface resolution element does
not fall in the first pulse width of the echo (the 90 degree depression engle). Antenna
depression angles of 45 degrees to 90 degrees appear to be well suited for investigations

of surface roughness with the longer wavelength radar systems because of the suppression
of radar shadows and the increased radar return from the near field.
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SCHEFS, 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 PPl 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 Mzpping from Spacecraft:
Annual Report, U.S. Geological Survey, Interagency Report — NASA-140, Edited by D. S. Simonett,
January, vi + 113 pp., pp. 22—27. (NTIS No. N69 16255.)

From Authors’ Introduction: This report is an evaluation of classified radar imagery
obtained during a February, 1964, flight over the island of Puerto Rico. Though allusions
will be made to such thematic potentials as agricultural land use mapping or detawled
Iandform study, the major purpose is to compare a landform regionalization scheme
derived from the 7adar tmagery with the systematic descriptie classifications of Puerto
Rican landforms (as previously developed).

To date, much analysis of remotely sensed imagery, regaridless of the particular system,
bas been directed at studying single, particular phenomena such as natural vegetation,
agriculture, geology, transportation, or the like. Those characteristics of remotely sensed
data which are normally deemed least desirable for just such studies — the generally small
scale and relatively poor resolution — become to a degree desirable for more broad scale
analysis. Geographbers especially should be cognizant of such potential.

The authors were able 1o make some valid comparisons of landform regions observed on imagery of limited
coverage and marginal guality 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 mazjor
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 Regionalization Using Radar Imagery

Proceedings, 67th Annual Meeting, Association of American Geographers, Boston, April, Vol. 3,
pp. 194—195 (abstract only).

Authors’ Abstract: Radar imagery is pecularly well adapted to the study and regionalization
of landforms. Its vesponse is prumarily to the gross geometry of the earth’s surface, and it can
be obtained without solar llumination and through cloud cover Comparison of landform
regions drawn from short wavelength radar imdgery of portions of Panama and Puerto Rico indi-
cate that radar-devived regions are equally as valid as those drawn using traditional technigues.
In some cases boundaries are even more accurately drawn due to freedom from unit-area averag-
ing of such characteristics as slope, whick is necessary when doing traditional regionalization
from topograpbic sheets. The ease of radar acquisstion, its broad coverage and ready interpreta-
tion make its use for landform regionalization especially attractive in unmapped areas to
expedite planning allocations sueh as those based on the delimitation of land-suitability

classes. (Copyrighted by AAG.)

SHEPARD, J. R., 1966
Radar Geology Test Area, Willcox Playa, Arizona
U.S. Army Corps of Engineers, 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 fiights. A diagram of the test
area and maps showing its location are included. Investigators are invited to avail themselves of the
facility by contacting the U.S. Army Electronics Proving Ground, Ft. Huachuca, Arizona.

SHERIDAN, M. F., 1966
Prcﬁ}ninary 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: Contrasting soil patterns reflecting light and dark tones noted by BATEMAN
(U.S.G.S. Tech. Letter NASA-27; 1966) on radar imagery of the Bishop area were studied m

the field to determine if soil moisture or grain size of the materials was the cause of such response.
Preliminary qualitative investigations indicate that at nine locations examined, no samples
contained soil moisture and there was a good correlation (between) grain size and radar response.
Light patterns on radar inagery corresponded to areas where soils were composed of gravel-

sized and larger materials, dark aregs, on the other band, were fine-grained materials composed
largely of silt and clay particles.
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SHUCHMAN, R. A, C. F. DAVIS, and P. L. JACKSON, 1975
Contour Strip-Mine Detection and Identificatior; 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: Using four channel imaging radar, the recognition of three basic types
of contour strip mining has been shown. Active, reclaimed, and unreclasmed “orphan’ mines
were detected and identified. Highwalls, benches, relative bench vegetation and texture,
outslope, spoils, sediment ponds, and mining machinery were recognized on the imagery.

In some cases all four radar chanuels are needed for recognition of these features.

Radar is especially sensitive to surface roughness, subtle beight variations, and orientation
of surfaces. In addition, its all-weatber capability and its resolution (essentially independent
of distance), both of which are unigue in imaging devices, make imaging radar particularly
useful for strip mine monitoring.

Small contour mines and unreclaimed “orphan’ areas were resolved by radar under cloudy
conditions. Other remote sensors are bampered by often persistent cloud cover, and other
types of satellite imaging systems do not resolve these:small mines.

Imaging radar 1s most useful for the following-

1) Mapping unreclasmed “orphan’ areas.
2)  Mouitoring wildcat (illegal) mining operations.
3) Highwall detection.,

4) Reclamation evaluation for 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 and not with

1ts nulity for strip mine detection and analysis. The importance of dépression angle and look direction
of the radar is emphasized, ind it is recominended that two flight tracks, perpendicular to one znother,
should be used for optimum data collection for strip mine detection.

SIEGAL, B. 8., 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 siting of the first nuclear power plant in the Republic of the
Philippines entailed an extensive remote sensing study to belp evaluate tectonics,
volcanism, and the structural setting of potential site regrons. Over 10,000 square km
of Side-Looking Airborne Radar was obtained,.covermg Mt. Pinatubo south to 1be
Taal-Banahao volcanic area and from the west coast of Luzon east to Laguna de Bay;
these data were analyzed concurrently with Landsat snagery, thermal IR imagery,
and black-and-white and color aerial photography. Amnalysis mcluded photegraphic
processing, color additive viewing, Ronchi rulings and stereoscopic viewing, where
applicable. Results of the remote sensing study, in conjunction with seismological
and field and laboratory analyses, provided an effective method of identifying and
evaluating potential sites, Initial pbases of the remote sensing strudy revealed that

87



several of the proposed site regions were unsuitable because of fracturing, gravity movements,
or volcanic bazards. SLAR imagery proved snvaluable throughout the study in guiding field
activities, unraveling structural settings and volcanic stratigraphby. As a result of the siting
investigation, Napot Point was selected for the site of the first nuclear power plant 1 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

Potent:ial of Radar Remote Sensing as Tools in Reconnaissance, Geomorphic, Vegeration, and
Soils Mapping

U.S. Geological Survey Interagency Report — NASA-125, July, 19 pp. (NTIS No. N69 28154).

Author’s Summary: In reconnaissance mapping of vegetaison, sotls, and geomorphic surfaces
in remote, difficult-of-access and under-developed areas in troprcal and arctic latitudes, aerial
photographs bave extenswely been used to aid ground studies. Over recent years, studies
using nonphotographic remote sensors, particularly infra-red and radar bave shown that these
systems, used in concert with pbotography, may add materally ro the information available
and thereby improve the efficiency of ground reconnaissance. This raport focuses attention
on side-looking radar as a tool for such reconnaissance, Since radar imagery may be obtamed
in swaths up to 40 miles wide, largely independent of the weatker, its usefulness for
reconnaissance-mapping needs careful evaluation.

A review 15 given of recent studies with radar on: (1) the mapping of lineaments and lithologic
umits and its use as a surrogate for 1.24,000 scale maps in bydrologic analysis; (2) the mapping
of vegetation types, especially in relation to structure, and (3) its successes and shortconmngs
as an adjunct to photography in soil reconnaissance surveys.

Twao short introductory sections of the paper present reviews of work, primarily by scientists from the
University of Kansas, concerning geomorphic and vegetation reconnaissance mapping 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 distingnished on the
imagery. These include: vegetated dunes, vegetated sand sheets, active dunes, badlands, salt plains

and flood plains. River rerraces 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 difficule -- partially because the vegetation on these soils is primarily culrivated crops.
Hence, the author concludes that soil infermation 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 Laborartories 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 $ensing of Environment, American Society of Photogrammetry and
Willow Run Laboratories, Washington, July 1966, pp. 205—213.

Author’s Abstract: The applicability of the AN/APQ-56 system to observation of
geological structure, geomorphological features, and cultural patterns of land uses is
snvestigared.

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 mileZ/hour when interpreting for reconnaissance mapping. Eleven radar images and short titles

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: Radar imagery of a coastal strip extending from the Columbia River to near the
Cahfornia border was obtained with a bigh frequency side-looking radar, Qualitative evalua-
tion indicates that radar imagery is a potentially useful tool for geologic mapping in vegions
where bedrock is masked by dense vegetation, The radar sensor effectively “defolated”
coastal Oregon, thus greatly enbancing the topographic and tonal expressions of certain
Tertsary rock units. Faults and lineaments not identifiable on conventional black and white
photography can be recognized.

Preliminary interpretations indicate that radar returns in this area are dependent principally

upon density and water content of the rock units The tonal conditions of certain Tertiary

units are distinctive. Miocene basalt flows show the highest returns (lightest tones), sand-

stones give intermediate tones, and marine mudstones bave the lowest radar returns of any
o sor N -

of the Tertuary rocks, The juxtaposition of these contrasting tonesund differences in

topographic expression define the positions of depositional and fault contacts.

SNAVELY, P. D, Jr., and N. §. 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 preluminary interpretation of
infrared and radar imagery of parts of the Washingten and Oregon coast. This coastal area

1s an ideal testing site for remote sensing technigues inasmuch as, in contrast to other imagery
testing sites, it bas a dense cover of vegetation, and bedrock 1s poorly exposed. Thus it

serves to define limstatsons of imagery in areas not ideally suited for geological interpretation
of conventional aeral photographs.

The bulk of the report deals with the infrared imagery (8 um to 14 uym) 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 is'shown), 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 and evaluation of radar imagery is promised,
but as yet this paper does not seem available.

SOUTHWICK, D. L., 1966

Geologic Evaluation of Radar Xmagery, Appalachian Piedmont, Harford, and York Counties,
Maryland and Pennsylvania

1.S. Geological Survey Technical Letter — NASA-48, Washington.

Abstract: Radar images reveal very Little of the geologic "grain” of the Appalachian Piedmont
because of the lack of distinctive topographic expression. Soil and bedrock variations are
obscured by the geometric pattern of farmlands and woodlots. Penetration of forest cover is
poor in the relatively flat Piedmont but very effective in the more rugged ridge and valley
terrain of eastern Pennusylvania.

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’ zovanild Materialov Radiolokafsionnoi Aeros’ emki Pri
Geologicheskom Deshifrirovanii v TSentralnom Kazkhstane]

New Methods of Obtaning Information by Various Remote Sensors and its Adaption for
Solving Geological Problems [Novye Metody Polucheniia Informafsii razlichnymi Distantsionnymi
Priemnikami i ee Obrabotki DIlid Reshenild Geologicheskikh Zadach] VIEMS, Moscow.

Reviewer’s Summary: In 1970 a large part of the northern Pribalhash area was covered
by an atrborne radar survey, Through field investigation, geological, geomorphic,
geopbysical, seil and geobotanical data were simultaneously ecquired.

Areas baving distinct topographbic forms which result from geologic or geomorphic processes
are more easily interpreted than lowland areas of low relief which lack characteristic topo-
grapbic expression,

Structure and lithology which jointly control landform development of an area permit
interpretations of the buried structure and, indirectly, the rock type. In this respect radar
imagery 1s more effectwely used than acrial photography beciuse of the regional perspective,
especially in determining regional structural relationships.

Areas of varying soil moisture and soil salinity bave been detected, and sources of springs
have been located.

Some distinctions between quaternary deposits bave been made on the basis of surface
texture. {From: Dellung, et al., 1975.) )
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STRELNIKOV, S. L, 1972

Peculiarides of Geological Intespretation 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
Priemmkamu i ee Obrabotki Dlia Resheniia Geologicheskikh Zadach] VIEMS, Moscow, (Russian).

Reviewer’s Summary: The landform metbod (relicf, drainage network, etc.) of image analysis
cain be applied to both radar and pheto interpretation. Two major differences between radar
images and aerial pbotographs must be considered, bowever; the geometry of the radar image
and the response of terrain elements to two different portions of the electromagnetic spectrum.

Orientation and surface roughness of the terrain surfaces are both determinative factors in radar
backseattering. Factors which influence tmage tone are differenttal sizes of reflecting surface
materials, narure of the vegetal cover, and moisture content of surface material or vegetation.

A true stereo effect is not as easily achieved with radar as with aerial pbotographs but the

sculptured appearance of the terrain caused by shadowing facilitates interpretations. (From:
Delhosg, et al., 1975.}

STRELNIKOV, 8. 1., 1972b

Geological Interpretation of Radar Aerjal Photos from Certain Regions of the Polar and Northern
Ukals, [Geologicheskoe Deshifrirovanie Radiolokatsionnych Aerosnimokov Nekotorykh Raionov
Poliarnogo i Severnogo Urala]

New Metheds 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 Ural Mountains, hithologic and stratigrapbic influence
on local relicf was used as a criterion to identify rock formations baving unigue topographbic
expression. Diverse rock types wolcanic, igneous intrusives, and sedimentary) were wdentified
in this manner.

The orientation of geologic structures with respect to the antenna mfluences the detectability
of these features. Surface expression of fanlts was seen in the development of a trellis drainage
network.

Tundme bas no identifiable signature. (From: Dellwig, et al., 1975,)

SWANSON, D. A, 1966
Geologic Evalnation 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 the geologic map based on pbotogeology and
ground work, radar imagery sbows very clearly many geologic features with chavactenstic
topographic expression, but fails to bring out certain subtle distinctions, as between topo-
grapbically and compositionally similar andesite and basalt lava flows. It [radar] clearly shows
the volcanic nature of much of the terrain especially the volcanoes and viscous 'lava flows and
domes, but gives no indication of the nature of the flat lava plain. The imagery shows linear
scarps whick most probably are faults, an interpretation confirmed by geologic mapping The
imagery is bindered by storms, although the crosspolarized strip cuts through some of the
cover. Imagery flown during better weather conditions would undoubtedly supply many more
detasls. The radar shows topograpbic features in forested terrain less clearly than in barren
areas, but in timbered areas it is better than aevial photography. The vadar permits better
interpretation in forested areas of some geologic features, such as linear structures with
topographic expression, than does black and white aerial photography.

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: Radar imagery was found to be more effective than aevial pbotography n defining
the constructional surface and contacts of a large fan of stratified volcanic gravel and sand
that extends down the east flank of the Glacier Peak volcano into the Suiattle River Valley.

van ZUIDAM, R. A, 1978
Terrain Classification Using SLAR Imagery: A Geomorphological Approach
ITC Journal, pp. 705—716

Author’s Abstract: Terrain analysis and classification on the basis of geomorphological
principles is becoming more and more accepted for multidisciplinary, semidetailed, and
reconnaissance surveys. This concept is also issued for the PRORADAM profect, in
which SLAR smages of the Columbian Amazon region are analysed using the
geomorphologic/ecologic landscape approach

The author notes the general geology and geomorpflology 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 1:50,0800 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 sterecscopic vision, and
good possibility to identify terrain units; semicontrolled mosaic used as a base map.

{5) Scale of 1:1,000,000 (mosaic) — useful only fog 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 nver. 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, 214 pp. + figs., tables, maps.
No Author’s Abstract.

Thus 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
écophysics, 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 liew of optical
photography for reconnaissance of the Darien Province of Panama and parts of Northwest
Colombia, and for the construction of geascience products thereof. An AN/APQ-97
side-looking radar was used to produce bigh-resolution imagery of an area contaming
approximately 6,600 square miles in ¢ bours of flying time — an area, furthermore, that is
almost perpetnally cloud covered. The SLR wmagery was used to prepare an uncontrolled
masaic and a series of geoscience overlays, including. Surface Drainage, Surface Confignra-
tion, Vegetation, Engmeering Geology. The results of this study are believed to be unique
in that they provide the first complete overview of Darien Province, thereby demonstrating
the capability of SLR to gather geoscience data in an area that is notorious for the diffi-
cultses that its pergistent cloud cover poses for the acquisition of usable conventional
opttcal aerial photograpby. (Abstract copyrighted by Society of Explovation Geophysicists.)

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, EOQS, Vol. 53, No. 11, November, p, 981 (abstract
only).

Authors’ Abstract: Fracture trends are surface manifestations of subsurface discontinuities
which usually delincate zones of increased povosity and permeability. Subsurface feature
networks can channel, store, and transport large quantities of groundwater. Fracture
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analysis metbods for location of bigh yield water wells are substantially more effective than a
random approach. Although aerial photographs bave proven to be an extremely valuable tool
for such fracture analysis, radar tmagery is now cited as a remote sensing technigue which may
provide extremely valuable supplemental terrain data. Radar imagery provides an oblique illu-
mination af the tevrain which tends to enbance subtle topographic discontmuities which are not
usually detected on standard aerial pbotographs. In addition to satisfying the requirement for
a rapid and synoptic terrain data gathering technigue, broad spectrum microwave measurements
of soil reflectivty provide evidence that varations in soil moisture may also be available with
imaging radars. This microwave measurement is sensitive to the moisture content of the soil
surface, and the potential for aiding in the detection of fracture trends is particularly appealing
for extensive reconnaissance studies.

Only the abstract, preprinted in its entirety above, is available for this entry.

WALKER, A. §.,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 §cience 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 intrustve rocks of the Mesabi Range, Minnesota area was analyzed to determine how much
geologic information was inberent in each rype of imagery. High altitude panchromatic pboto-
graphy, radar, ultraviolet, and day and night thermal infrared imagery were examined. Geologic
sketch maps were produced for each type of imagery.

Radar appears to be the best imagery for mapping rock units and for locating regional faults.
Few rock units could be found on the infrared imagery or on the panchromatic photography.
Several previously unmnpped faults were located, and the surface traces of some faults

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) uniformiry 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 the.imagery are not in close agreement with those on geologic

maps. Of 26 known faults, 19 were found on HH imagery and 15 on HY 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 longer 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 Terzain in Southeast Oregon

U.S. Geological Survey Technical Letter — NASA-25, May, 15 pp. (NTIS No, N70 41122).
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Abstract: Raedar images of physiograpbic and some geologic features in southeast Oregon .

were found to be well defined, as in conventional aerial photography. Geologic features baving
topographic expression were best displayed and include large- and small-scale faults marked by
hnear scarps and valleys. Fine grained, poorly indurated, tuffaceous sedimentary rocks, in
places water saturated, fill the basins between faults and stand out as dark aveas in contrast

to adjacent rocks of greater density baving little or no saturated water.

Valley fill, landslide areas, layered rocks and non-layered rocks can be distinguished. Rock
types, distinguished by tonal contrasts on aenal photographs, cannot be differentiated in
radar fmages.

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-0102-0001).

From Author’s Introduction: Obvious differences in topographic exprossion on the radar
image of the Hot Springs-Asheville-Hendersonville area of North Carolina . . . suggest the
possibility that certain parameters of topographic expression might correlate with the
underlying rock type. The characteristic obligue illumination angle of side-looking radar
maps slopes which are orthogonal to the radar beam with a light tone proportional to the
length of the intercepting slope interface . . . . Therefore, a map of the average width of the
light tone intercept taken from a sampling grid placed on the raday image sbould be
indicative of the distribution of topograpbic rehef. )

This study will evaluate the hypotbesis that underlying rock type in the crystalline
rocks of western North Carolina is sufficiently different to control differences in topo-
graphic relief of the overlying earth’s surface, and bence, that a map of topograpkic
expression can materially aid certain geologic mapping projects.

Should such a relationship exist, then automatic tervain gnalysis with a microdensitometer
and a bigh capacity computer seems feasible because a negative of the radar image can be
used with a microdensitometer to map differences in gray tone density.

This study is based on a radar image of the northwestsouthbeast 50 mile long by 10 mile
wide area strecching from the North Carolina-Tennessee state line near Hot Springs,
over Asbeville, to the vicinity of the North Carolina-South Carolina state line near
Héndersonuville. The imagery was flown in September 1965.

To illustrate, quantitatively, the “fair to good” correlation hetween bédrock 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 partern 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-0102-0001).
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Author’s Abstract: A radar image of the Hot Springs-Asheville-Hendersonville area of North
Carohna clearly displays regional variations i topograpbic expression and drainage character
and accentuates linear elements in the terram Field and laboratory work strongly suggests
control by differences m rock type and fractures on development of topographic expression.
Stergographic projections of poles to 430 fohation surfaces and 450 jomt surfaces, which
were measured at scattered locations in the map area, and a steveograpbic projection of 375
poles to linear elements derived from the radar image demonstrate a sufficient correspondence
in position of maxima to fustify inferring control on linear elements of topography by jomt
and foliation surfaces in crystalline rocks Radar tmagery frowm an airborne platform bas
provided an image on a regional scale which is a valuable tool for awding 1n fracture analysis
in the crystalline rocks of westernt North Carolina. It is anticipated that such analysts of a
radar image will aid groundwater geologists in locating relatively bighwyield fracture-
controlled water wells in other 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 zelief,
as measured, showed a high correlation with a recent USGS geologic map of the same arez. 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 illumnination angle than is possible with aerial
photography, radar should be better for detecting and anzlyzing 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: Topographic features of the area are well expressed by shadow enbancement effect
caused by the side-looking mode of the radar system Geologic features such as faults marked
by linear scarps and vesistant beds cropping out as boghacks bavng topographic expression are
ssrmtlarly well displayed. -Lsttle, if any, tonal contrast was noted between rock types which
include Paleozoic, Mesozoic, and Tertiary sedimentary rocks, Tertiary volcanics and
hypabyssal mtrusions. Quaternary alluvium was readily distinguisbed from bedrock, and
Quaternary basalt flows appeared somewhat darker than older basalts of the area.

The reflectiity of fron mine dumps was especially bigh and much greater than would be
expected from such minor topograpbic features. Possibly therr bigh reflectivity is velated
to their bigh magnitite content. If so, 1t 1s possible that magnetste deposits outcropping at
the surface in remote parts of the world could be similarly detected.

WING, R. S., 19702

Structural Analysis from Radar Imager‘y, Eastern Panamanian Isthmus

U.5. 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 Panamanian Isthmus, where two continents ave tenuously joined and
where three major crustal plates bave apparently long interacted, must vecord a stram pattern
that can be used to help advance knowledge of global tectonics. Recent radar coverage bas
provided this prreviously unobtainable surface geologic data for Eastern Panama. Reconnassance
mapping permits tentative interpretations. A belt of (individually) north-trending left-lateral

en echelon anticlines nearly bisects Darien Province, extends northwestward across the Pacific
Hills, and culminates in compound large-scale faulted folds adjacent to the cast end of the Maje
Range. Observed distortion within this belt is compatible with postulated left-lateral movement
at depth between longitndinal blocks which constitute the Isthmus and parallel its trend. A
similar strain pattern 15 in evidence in the Maje Range as reflected by longitudinal faults,
left-lateral offsets, and related internal folds.

The Panamaman Isthmus is situated in the southwest corner of the Carsbbean plate which,

it 15 postulated, has been subject to compression from active translation of the South American
plate. Eastern Panama bas apparently been subject to left-lateral simple shear deformation
because of the oblique orientation of the principal compressive stress relative to the non-
bomogeneous make-up of the Isthmus.

In addition, the Caribbean plate bas been movmng slightly eastward, relative to South Amenca,
and the drag between them may account for observed right-lateral transisthman distortion,
notably from San Miguel Bay northward to the Caribbeon. However, no transisthmian tear
faults are in evidence affectinig the Isthmus from coast to coast

The longitudinal wrench faults so characteristic of the Maje Range bave been used last for
vertical tectonic adjustments, there being an axial borst which is topographically bigh in the
eastern and central portions. The Bayano structural sub-basin, extendmg westward from

the Canazas platform, is cut off from the sea by a nearly peneplaned west-plunging element of
the Mage Range across which the Bayano River now flows to the sea. "Raised beach ridges near
the mouth of this viver manifest recent activty along the same fault, which bounds the

north side of the axial Maje borst.

"The borizontal bending of the San Blas Range seems 1o bave been accomplisbed by means of
an intricate system of left-lateral shears and interspersed tears. (Abstract only- Dissertation
Abstracts International, Section B- Sciences and Engineering, Vol. 31, No. 11, May 1971,
PP. 6699B—67008B.)

This is one of the more complete articles in a comprehensive study showing the usefulness of radar as an
additional data source. Of particular mterest for the radar 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 Francisco and Los Angeles,
California, tncludes a particularly significant “San Andreas Fault zone’ segment, charac-
terized by a gradational change in mode of tectonic adjustment, from transient creep (NW)
to periodic viclent movement (SE). Subordinate fold and fracture patterns on the south-
west side of the fault zone have been analyzed with respect to side-looking aivborne radar
imagery (AN/APQ-97 K-band), part of coverage obtained on mission flight 101 (1965) from
San Francisco to San Bernardino, flown by Westmghouse for NASA.

The primary objective of this study was to mvestigate and document the use of SLAR
imagery for geologtc mappmg of imeaments and to’ determine the level of significance

of the drsplay Prefeﬂed infagery-lineament orientations were found to favor N30—40°E,
N50-60°E, and N40-60° W, as expressed 1z extensive Paso Robles Formatton (Plio-
Pleistocene) outcrops The NE-SW lineaments reflect resequent drasnage on the
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soutbwesterly dipping Paso Robles strata (continental clastics) along the southwest side of the
San Andreas Fault zone bere, and probably also reflect incipient left latefal shear and tension
sets compatible with this dip beanng. Certain prowunent imogery lineaments, trending N60°W
* (20° + counter-clockwise from the San Andreas bearing) reflect the grain of sharply folded
Paso Rebles strata in proximity to the San Andreas Fault. An arcuate "flow" of hneations
around the northeast flank of the Red Hills - Sand Canyon Antichnes, probably reflects the
outcrop pattern of the Paso Robles strata, i.e., stumps and shdes, etc., related to exbumation
of this older structural bigh which remains partially covered by Paso Robles debris, Still
other lineaments on trend with, north of, and subparallel to, the Red Hills = Sand Canyen
Anticlines, may manifest fractures over a siill buried nortbward projection of this same
positive hnear feature. The various hineaments are generally enbanced to a greater degres on
the SLAR imagery than on low altitude conventional aerial photograpbs.

“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 geomertry and distortion are
included.

WING, R. S. and L. F. DELLWIG, 1970a
Radar Expression of- Virginia Dale Precambrian Ring-Dike Complex, Wyoming - Colorado
Bulletun of the Geological Society of America, Vol. 81, No. 1, January, pp. 293-298.

Authors’ Abstract: The Virginia Dale Precambrian ring-dike complex, at the extreme south
end of the Laramie Range, was first recogmzed by W. A Braddock n 1962 from high-
altitude air photos. This roughly circular feature 1s well expressed on 1957 early side-
looking arrborne vadar (SLAR) imagery, from which in 1965 1t was independently noted as
a striking geomorphic (domal) anomaly. This particular imagery example illustrates the
notable potential of radar imagery in general for delineation of larger scale elements, es-
pecially lineament patterns

The Virginia Dale complex is believed by the current authors to be of particular significance,
not only for its relevance to precambrian bistory, but also for possible mfluence on

Phanerozoic events bere, and in particular for its possible bearing on location of the Fervis-
Aultman and other associated Paleozoic diatremes (copyrighted by GSA).

Radar was exiremely useful in identifying a previously unknown geological feature.

WING, R. 8. 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 basm, extendmg the length of the eastern Panamaman
Isthmus, separates the Pacific coastal ranges (composed mostly of andesite flows with some
basalt) from the Caribbean coastal ranges (generally of andesite flows in Darien Province, but
including also granite, granodiorite and some syenite in the western Darien and San Blas
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ranges). A belt of north-trending en echelon antichnes bisects Darien Province, extends north-
westward across the Pacific Hills, and culminates in large-seale faulted folds adjacent to the

east end of the Maje Range. A similar stram pattern in the Maye Range is reflected by longi-
tudmal foults, left-lateral offsets, and related internal folds, (1)} The radical difference between
basement litbologies of the Pacific coastal ranges of eastern Panama and of the westeyn Darien
and Sawn Blas ranges, and (2) the great alignment of left-lateral adjustments, define a major
basement block boundary along this great alignment, with left-loteral movement between the
two longitudinal blocks 1t separates.

The Pancmanian Isthmus is suuated w the soutbwost comer of the Carribbean plate which, it
is postulated, bas been subject to compression through active translation of the South
American plate. Eastern Panama bas apparently been subject to left-lateral ssmple shear de-
formation because of the obligue orientation of the principal compressive stress relative to the
nonhomogeneous make-up of the Isthmus. In addstion, the Caribbean plate bas been moving
slightly eastward, velative to South Amenica, thus accounting for observed right-lateral trans-
isthmian distortion, notably from San Miguel Bay to the Caribbean. (Copyrighted by GSA).

WING, R. S., W. XK. 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: Geomorpbic analysis of radar imagery covering an east-west 18-km-wide
swath, from Sandyville to Camden, West Virgina, bas revealed o striking polygonal tapo-
graphic pattern. This pattern is apparently an evosional response to varymg combinations of
at least six fracture sets (strike, dip, and rwo confugate shear pairs), related to one-time
movement of a great thrust sheet, extending westward from the Appalachian Front to the
Burning Springs anticline. The preferred fracture sets were apparently rotated up to 10
degrees counterclockwise in the Burning Springs area in accordance with “pleup” of the
leading edge of the thrust sbeet  The decollement movement peymitted a maximum of the
possible fracture sets to advance beyond the incipient stage of development. Immedately
west of the Buming Springs anticline_there is notably less expression of the polygonal pattern
and only two fracture sets are strongly expressed. )

There was good correspondence between aw photo lincament patterns, radar imagery linea-
ment patterns, and surface joint stnkes measured in the Burmng Springs area. However, air
photos generally revealed short lineament segments, whereas the synoptic radar presentation
revealed lineups of segments, bence, long mtegral fracture zones.

The fracture pattern inferred through radar imagery interpretation and confirmed by sutface
measurement is veflected in the outlines of seme o1l fields m the area (Copyrighted by
GSA).

AN/APQ-97, K-band, HH polanzation radar was used. The cross-polarized image was not wsed in the
analysis because the crosspolarization 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. 8., 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 Aprnl 1970,

Geological Society of America, Abstracts with Programs, Vol. 2, No. 4, February, pp. 305-306.

WING, R. 8. and H, C. MacDONALD, 1973a

Radar Imagery Identifies Hidden Jungle Structures
World O1l, Vol. 176, No 5, April, pp. 67-70.

Authors’ Summary: An awcraft radar survey i eastern Panama gave surface imagery of nearly
inaccessible terramn that could not be photograpbed due to beavy cloud cover. Examples show
bow typrcal jungle terrain reflects data on potential bydrocarbon formations

Following a brief review of the history of radar geology and of geclogical mapping 1n 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 Panama and northwestern Colombia
kas gamned 1mpetus by recent side-looking radar, geologic reconnaissance mapping. Radar
derived geologic information s now available for approximately 40,000 sq km where
previous reconnaissance pvestigattons bave been extremely linuted because of maccessibility
and almost perpetual cloud cover

With radar imagery as the sole source of remote sensing data, the distribution, continuity,
and structural grain of key strata provide ewdence that the eastern Panamaman Isthmus can
be divided tnto three mamn physiograpbic-structural parts Two composite coastal mountain
ranges separated by the taphrogenic Medial basin, which trends southeastward from the
mouth of the Bayano River to the Atrato River valley of northwestern Colombia. Within
the Medwal basin, most of the clearly exposed suface structures are not particularly attractwe
petroleum prospects because prime reservoir strata bave been stripped from thewr crests.
However, several large geomorpbic anomahes which bave been mapped in the Medwl basin
may. be reflections of subsurface structures having a complete stratigrapbic section. Possi-
bilities for gravty-type bydvocarbon accumulations m fractured organic shales, sitstones, and
carbonate rocks are suggested within several synclinal elements along the axis of the Medial
bastn. The southwestward extension of the Medial basin trend, coincident with the western
Gulf of Panama may have potential as a future perrolewm-producing province. A relatwely
thick marine stratigrapbic section should be present bere, with associated paralic and deltatc
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clastic rocks derived from acidic San Blas tervace stmce mid-Miocene time. The occurrence of
actwwe shell bars 1n the Bay of San Miguel and present reef trends on the northern Caribbean
coast suggest possible offsbore sites for geophysical surveymmg. (Copyrighted by AAPG).

This paper is an addition to the numerous papers concerning the radar imagery interpretation and appli-
cations of the Panamanmian and Colombian border zones. Consequently, the reader should consult the
other publications in order to obtain 2 complete picture. It coniains numerous excellent radar images
and discusses the operation of an imaging radar and the geology of the study area. Again emphasized
1s the point that the geologic data derived from the imagery was determined by surrogates — and there
is a need for topographic or vegetal differcnuiation, related 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 Apnl 1973 by Westinghouse
for Conoco by means of an AN/APQ-97 K-band brute-force system. The flight strips are

all north-look, with ground range display, and 60% overlap. The.interpretation was compiled
on a 1/100,000-scale mosaic, but the actual mappig of contacts, dips, lmeaments, and the
like, was done on 1/100,000-scale stereo-strips. Initial vegional mapping was intended as an
aid in determimmng that part of the Soutbern Trough most hkely to be underlain by relatively
unmetamorpbosed paralic Kembelangan sandstones ideally interdigitated with marine source
and cap shales. SLAR reconnaissance mapping met a subsequent need to rapidly and mex-
pensively narrow the search to that part of the “Fairway” coincident with a favorable
structure. The SLAR mosaic clearly displays the Irian mountains, strongly and gently folded
footbills belts, and the Southbern front of the fold belt south of which 1s a large complex of
alluvial fans. The mosaic also shows various dranage anomalies in the alluvial covered area
south of the gently-folded belt. Seme of these are coincident with billy areas 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 sueam patterns. Other large drainage
anomalies suggest underlying structure and may reflect a hingeline. The SLAR provided excellent display
of fault and fracture lincaments. Use of the stereo-pairs of SLAR aided 1n the selection of possible
seismic lines. The SLAR data, coupled with previous seisrmic data, has permitted the mapping of many
anticlines and the alignments between anuclines. Registry of the SLAR stereo was difficult; vertical
exaggeranion 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 1t 1s
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 cultural patterns are the most prominent fabric elements
on side looking, K-band radar tmagery of the Appalachian Piedmont along the Susquebama
River of Pennsylvania and Maryland. Geologic contacts appear as more subtle changes in
topograpbic gram, relief, or m changes m forest cover, field shape and onientation. Some
dikes and small fracture zones stand out clearly as reflections from steep slopes, small gulleys,
elongate meanderpatterns, and hnear forest patterns, Otber similar-appearing, prominent
linears are pseudo-geologic features caused by tree lines baving bare trunks cxposed to the
view of the aircraft and orientations of 10 to 30 degrees to the line of flight. Flight orien-
tation also causes anomalous radar signature of 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 Photogrammetry.)

A listing and identification on radar imagery and an asccompanying 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., 1969
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 real ropography or photos of side illuminated raised
plastic relief maps enbance many elements of linear topography, particularly those valleys
with strikes at acute angles to the light source so that sllumination grazes one of the walls.
Dozens to bundreds of topographic hnears appear on all relief maps exammed with scales
from 1:62,500 to 1:1,000,000. They are commonly arranged in six to eight strike sets with
individual linears persisting for a bundred miles or move, the sets themselves continumg for
many bundreds of miles. Complex fracture networks occur with coustant orientations over
vast areas of North America, Europe, and Iceland, some elements of the networks being
correlatable with known fault or fracture systems. The systems extend without change to
the edges of contmnents, they extend unchanged across portions of 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 which they occur, they continue unchanged
from the Appalachian region mio the youtbful Coastal Plain The relations suggest tectomc
keredity of older systems being propagated upward through youtbful covermng sediments
and/or manifestations of near-modern stress trajectories of constant orientation over areas of
at least sub-continental dimensions.

The shadow enbancement techmgue applied to plastic relief permits rapid mappmng of the
linears over vast areas; the requirement of the same linear appearing under a variety of
lighting directions provides some control on operator generated pseudo-limears. The metbod
may be a muck cheaper and easier technigue than traditional photo hnear analysis or radar
linear analysis The problems with dllumination azimuth and selective enbancement of
certain linears suggest the meed for caution in radar linear analysis and m lunar photo lincar
analysts. On the other band, radar flight hnes could be designed to bring out preselected
hnear features m 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: For almost a century therve bas been speculation concerning the presence
of geologic structures m the unconsolidated sediments of the Atlantic Coastal Plain, but
because of the nature of these sediments, little evidence of any structural features can be
seen on surface examination, Some faults bave been reported from surface exposure but
their extent could beretefore only be determined by extensive subsurface exploration.

With the advent of femote sensing technigues of data gathering there is a definite possibility
of identifying bitberto unsuspected structural features, Numerous lineaments, at least some

of which representing fault traces, bave been recognized in coastal plain sedmments on Side
Looking Airborne Radar imagery (SLAR) and satellite photography. To date, only one of
these lineaments has definitely been identified as the trace of a fault, but further examination
will probably show that most of the other hneaments are also related to fanlting. The large
number of lineaments found by remote sensing suggests that faulting of the Coastal Plain is
more prevalent than bas previously been suspected. The one lineament proven as a fault trace
shows up on a SLAR image of parts of southern Maryland. This lineament represents the
trace of a northeast-trending reverse fault that extends from southern Charles County through
Prince Georges County. Otber lineaments that bave been identified so far, appear on SLAR
imagery of the eastern sbhore of Maryland and Delaware, and on Apollo 9 photography of
Virgima and North and South Carolina. ERTS-1 tmagery will prove invaluable in locating
Jurther lineaments.

If the Imeaments discovered by remote sensing do, indeed, represent traces of faults,
movement of the Coastal Plain sediments 1s more recent and of a different character than bas
generally been recognized. The envirommental effect that these movements could bave on
the future development of the Coastal Plain should be emphasized. A whole new concept of
the structural and seismic bistory of the Coastal Plam will result from these studies.

Although one SLAR image from 1972 1s 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 $éa 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 lmear tone changes
along the northeast shore of the Salton Sea. Presumably, the tone change reflects juxtaposi-
tion of contrasting hithologies along the fault. The contact between alluvinm (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, Southem California

U. 5. 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 brightness m the Carrizo Plain
radar images is slope onentation. Surfaces that face the scanner at bigh angles are bright;
these that face the scanner at low angles are represented by mtermediate tones, those that
face away from the scanner are black m the radar tmage. Differences in radar reflection
related to slope orientation are most distinct in the like-pelarized (HH) images.

Microtopography exerts a subordinate effect that is most distinct in the cross-polarized (HV})

images, In the Temblor Range, tbe Santa Margarita conglomerate (relatively rough surface)
is bright m the image, and the shale units (relatively smooth surface) ave dark sn the unage.

The radar used was K-band {approximartely 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 9219 Rydstrom, H. 0., 1966

AD 638 919 Leghty, R. D., 1966

AD 638 919 Ellermeier, R. D., A. K. Fung, and D. 8. 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 Raytheen 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. 8. MacLeod, 1968
N 69 28154 Simonett, D. 8., 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. 8., 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

N 76 11811
N 76 17502
N 76 29693

N 78 30635
N 78 33644

N 78 33645
N 79 12268

Author, Date

Matthews, R. E., Editor, 1975

Wing, R. 8., and J. C. Mueller, 1976

Dellwig, L. F., B. C. Hanson, N. E. Hardy, P. L. Hulen, J. R. McCauley,
and R. K. Moore : -

Daily, M., C. Elachi, T. Farr, W. Stcromberg, §. Willizms, and
G. Schaber, 1978

MacDonald, H. C., and W. P. Waite, 1977

Evans, D. L., 1978

MacDonald, M. C., and W. P. Waite, 1978
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L-BAND IMAGERY
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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 30% or greater.
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Fig. 2.

Cumberland Plateau, Kentucky, and Tennessee - detail of Seasat data shown in
Fig. 1. Two Seasat-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 lines, 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,
45° + 5%; look direction, southeast. (b) Resolution, 50 meters; number of
looks, 8; look angle 45° + 5%; look direction, northwest. (c) Resolution,
50 meters; number of looks, 8; look angle 45° * 5%; 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 km 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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