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1.0 SUMMARY OF PROJECT

1

1.1 General background zpnd objectives

The Skylab S190A and S190B photos are the first space photographs of the
Great Plains and Midwest. They provide a totally new perspective for
geomorphologists and geologists—-relatively high resclution, comprehensive,
multiseasonal, and multispectral overviews of large parts of this region.
They are important new tools for rapid small- to intermediate-scale mapping
of geomorphology and surficial-geologic materials, and for identifying
geomorphic—geologic anomalies of wvarious types. Most of the Great Plains— .
Midwest i1s covered by surficial deposits of Quaternary age, hence knowledge
of the Quaternary geomorphology and geology is fundamental to understanding
the region's environmental-geologic resources and problems.

Unfortunately, reasonably detailed geomorphologic maps are almost
nonexistent, and. large parts of the region also lack good maps of the surficial
geology. Therefore, a key objective of this projeect was to test the utility
of Skylab (SL) S190A and S$190B photos for interpretive analytic mapping of
geomorphic (landform) features over large, representative parts of this region.
Special attention was given to the possibility of recognizing and mapping end
moraines of the last glaciation, remmants of end moraines of earlier glaciatioms,
terraces along main rivers, and ancient river valleys. Geomorphic interpretation
was stressed rather than geologic, because landforms can be more directly
interpreted from the SL photos than surficial deposits; alsec many study areas
are without maps of surficial geology and the time available for this project
did not permit any field studies.

The State Geologists of Illinois, Iowa, Kansas, Missouri, Nebraska, and
South Dakota were sent copies of all Skylab photos (and also of the ultrahigh
U-2 and WB-57 airphotos) that we received of their states. The State Geologists
and their geological surveys were requested to comment on the utility of these
photos for scientific and practical work. We also asked for comments from
several states on the utility of our own geomorphologic mapping and on anomalous
features discovered by this mapping. We received valuable comments from members
of the geological surveys of Illinois, Kansas, Missouri, Nebraska, and South
Dakota. Particularly helpful was a report by Jerry A. Lineback, of the Illinois
State Geological Survey, comparing the utility of Skylab photos, ERTS-1 images,
and RB57 airphotos for mapping surficial and bedrock geology in Illinois.

Dr. Lineback's appraisal is included as Appendix A5 im our report.

Table 0.5 summarizes results obtained in each state, both from our work
or from members of the state geological surveys.

Table 0.5-~NEAR HERE

1This project is an extension of a previous NASA-supported ERTS (Landsat)-1
investigation in the same 6-state region, whose objectives were similar
(Morrison and Hallberg, 1975).

1
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TABLE 0.5.

WORK DONE UNPER THIS PROJECT IN EACH STATE, AND OHIEF ACCOMPLISHMENTS

(Page 1 or 2)

WOoRK

PONE

By Principal Investigator and/or .
SGS assistants

By members of the stete
geological survey

SCIENTIFIC/PRRGTIG&L ACCOMPLISHMENTS

(1) By P.1./U3GS
(2) By state geological survey

JLLINOIS

1. Indexze. and mapped coverage of all SL
3190A snd S1908 photos of Illinois.

2. Zent 1 copy of each SL photo to tha
State Geologist.

3. Evaluated the qualiiy and utility {for
geomorphic/geologic mapping) of al. the
SL photos for. Illinois. -

4. Determined coverage for 5192 multi-
spectiral imagery for Illinois.

5. Sent 1 copy of the S192 MSS imagery
for Illincis to the state geclogist.

6. Evaluated the guality and utility of-
the 5192 MSS imagery.

7. lapped from S190A and S190B photos the
analytic geomorphology of two areas in
I1lincis (1 area similar to the western
half of Appendix Fig. A5.1, the other the
eastern part of Appendix Figs. A2.4b and

© A2.5h.

8. Mapped geologic lineers in detail in a
small area in western Illinois (Appendix
Fig. A6.1).

9., Visited the state survey and discussed
results of our combined efforts.

1. Evalueted the guality and utiics

ity of SL photes Trfor geclogie
mapping in Illinois,

2, Mapped surficial (mainly glaeial;
and bedrock geology from S190A and
5190B photos in large parts of the
state.
3. Prepared a report on items 1 and
2 which appears as Appendix sect-
fon A6.0 here.

4. Published a report (Lineback,
.1975) giving a general evaluation
of the utility of SL photos for
geologic mapping, compared with
ERTS-1 Images and -2 alrphotos.
5. Conferred in person and via cor-
regpondence and telephone on the
resulte of ocur combined efforts.

iI. Prepared relotively small-scale {1:475,000 to 1:
713,000} peologic maps from the SL photos (2}

2, Prepared analytic¢c geomorphologic maps at the same

) seales from the SL photos. (1)

3. Found a possible previcusly unrecognized glacial
moraline of late Wiseconsinan age extending southwest
from Champalgn toward Sullivan. (2)

4. Found a previously unknown small proglacial lake
basin jugt south of the Shelbyville moraine near
Mattoon.{(2)

5. Found rany semiparallel to somewhat radial lincar
feptures; «n the late Wisconsinan drift plain west of
Champaign-rbana. These are thought to be related to
ice movement, i.,e., drumiinoid.(2)

6. Found similar radial linear feamtures on the Illin-
oian drift plein gouth and west of Galesburg. (2,1).
7. Establiched ability to map strip-mined areas and to
determine their degree of reclamation and/or forestat-
ion, especlally on S1908 photos. (2, 1)

8. Determined that some but not all known faults (in
bedrock} ean be identified as geologic linears on SL

photes. (2).
9. Determined that many sinkholes can be seen on 51908

photos. (2)

IOWA

1., Indexed nnd mapped coverage of all SL
S190A and S190B photos of Iowa.

2. ZTent 1 eopy of each SL photo to the
State Geolopgist, with request for an e~
vraluation of their utility for scien—
tifie and practical work.

3, Evaluated the quality and utility of
all SL photog of Towa.

4. Mopped from S190A and 4190B photos
the analyiic geomorphology of western
Ivwa near Qmaha, Nebraska.

5. Mapped geologie linears in detail in
this area.

1. Several teiephone converantions
with P.I., but no specific eval-
uations,

1, Mapped analytiec geomorphology in central-western
lowa near Omaha, Nebraska (1),
2. Mppped geologic linears in the above area, (1)

KANSAS

1. Indexed and mapped coverage of all SL
photes of Kansas.

2. Sent 1 ecopy of sach SL photo to the
State Geolopglst, with request for eval~
uation of their utility for selientific

_and practienl work.

3. Evaluated the quality and utility (for

geomorphie/geologie mapping) of all the
<8L photes of Kansas.

4. Determined coverage of the 5192 muiti-
apectral imagery of Kansas.

5. S2n% 1 copy of the 5192 MSS imagery
of Kansas to the State Geologist.

6. Evaluated the quality and utility of
the 5192 MSS imagery of Kansas.

7. Communiczated with members of the
Kangas Geologiceal Survey by telephone
and correspondence.

1. Communicnted via telephone and
correspondence on ihe results
‘'of our combined work.

1. Found cn U-2 and WB-57 airphotos (taken for thig
projeet) indications of possible late Cenozoie
faulting near the site of the largect thermal power
plant in Kansas {under construction), in Pottawas-
omie Oounty east of Maohatian. Field studies are
in progress. The only SL photo coverage of +this
site is by SL4 Pass 81 {S190B only) snd is of little
utility because the acene is anow-covered and quite

overexposed.
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TABLE O,5.

WORX DONE UNDER THIS PROJECT IN EACH STATE,

AND CHIEF AGCOMPLISHMENTS

{Page 2 of 2)

WORK

DONE

By Principal Investigator and/or
USGS mssistants

By memberg of the state
geological survey

SCIENTIFIC/PRACTICAL ACCOMPLISHMENTS

(1) By P.1./0363
(2) By stote geologicel survey

NISSOURI

1. Indexed and mapped coverage of all SL
photocs of Missouri.

2. Sent 1 copy of each SL photo to the
State CGeoloplist, with request for eval-
vation of thelr utility for scientifie
and practical work.

3. Evaluated the gquality and utility for
geonorphice/gecleglc mapping of all the
SL photes of Missourl.

4. Determined coverage of S192 multi-

apectral imagery of Missourd.

5. Eent 1 ecpy of the S192 MSS imagery
of Migsanuri to the State Geologist.

6. Evaluated the guality and utility of
the 519% MS5 imagery of Missouri,

7. Mapped from S190A and S190B photos
the analytis geomorphology of a large
nar% of nertheastern Missouri.

8. Mapped geologle lipears in detail in
part of nortlueastern Missouri near S%.
Louis.

9. Visited the state geological survey
and discussed reguits of our ecoumbined
efforts.

1. Conferred in person and via cor-
reapondence and telephone on the
results of our combined work.

2. Utilized both the SL photos and
the U~2 and WB-57 airphotos (aken
for this project) as aids in pre-
paring a map of the surficial de-
posits of Missouri (Scale
1:500,003). '

1. Used 5% S190A and 31908 photos for preparing 1:
475,000 ang 1:713,000-5 1.2e maps of enalytic geo-
morphology of a large part of northeastern Missouri.({1l)

2, Utilized the SL photos (and the ulirahigh airphotos)
in refining the mapping of surficial geology of the
state. (2)

3. Used SL S190A and 5190B photos for detailed mapping
of geologle inears near St. Louis. (1)

4. Demonstrated feasibility of mapping strip-mined areas
and of determining the degree of their reclamation
and/or reforestetion from S190A photvus, and pnrticular-
1y, S190B photos.(1,2)

5, Demonstrated feasibility of map%ing many limestone
sinkholes, particularly from $190B photos. {1,2)

6, Found, by pgeomorphic mapping from SL photos, Landsat~-l
images, end ultrahigh airphotos, supplemented by
some stratigraphic field data, that much or all of the
Mexico Plain (an extensive uplain plain nenr Mexzico)
may have been-lasl pglaclated in Illinoian time, not
Kansan time as previously believed; thus, the western
1imtt of Illinoien glaeiation may lie as mueh as 75
miles west of the commonly aeccepted 1imit. (2)

NEBRASKA

1. Indexed and mepped coverage of all SL
photor of liebracka.

2. fent 1 copy of ench SL phoio %o the
2tate Geclogist, with request for eval-
uation of their utiiity for scientifie
and rractical work.

3. Evaluated the guality apd utility for
geomcrphie/zeologic mapping of all the
EL pnztos of jiebraske.

4. Mapp2d from S5190B photos the analytie
gecnorphoingy of two large areas in
ncrtasastern ilebraska.

5. Mapped ¢zolcglc linears in detail in
tiie rieinity of Omaha.

6. Wisited the state geological survey
and dlacuzsed projeet results,

1. Conferred in person and vie
correspondence ana telephone on
the results of our combined work.

2. Utilized SL photos in mapping
geologic linears in many parts
of Nebraska end adjoining states.

1. Used S190B pnoios for preparing 1:250,00 and
1:475,000-szale maps of analytic geomorphology of

two large areas in northeastern Nebraska. (1)

2. Used 5190a photos for detailed mapping of geolegic
1inears near Omaha. (1)

3. Used both 51904 and 51908 protos f{or mapping geologie
linears in other parts of F:oreska (2,1).

SOUTH DAKOTA

1. Irndazed and mapped coverage of all SL
photos of South Dakota.

2. Zent 1 copy of each SL photo to the
State Ceologist.

3. Evaluated the quality and utility for
geemerphic/geologic mapping of all the
SL photos of South Dakuta.

4. Mapped from S190A and S190B SL photos
the analytic geomorphology of most of
the Zioux Falls 1° x 2° quadrangle, at
seales ranging from 1:250,000 to 1:
713,000,

5. Vieited the state geological gurvey
and digeugssed the projeet results.

1. Communicated by telephone and
correspundence on the results
of our combined work.

2. Used the SI photos as aios in
interpreting both surficial and
bedrock geclogy in the state.

1. Prepared analytic geomorphology maps (1:250,000
to 1:713,000 scale) from S190A and 3190B photos of
mueh of the Sioux Falls 12 x 2° quadrangle. Found
good afreement between boundaries we mapped vs ihose
on available peolegic maps, of the veriocus drift
plains (late and early Wisconsinan and Illinoianl,
and with known subdivisions of ithe late Wiscongsinan
drift plain. (1)

2. Noted & possible new bedrock structure in western
South Dakota, which is being explores. (2)




1.2 Preliminary evaluation of the quality of the Skylab photos
and their utility for geomorphic/geographic mapping

We received a total of 1,699 separate SL photos, of which 1,290 were
wholly or partly within the project region. In the latter group, 47.47% of
the S190A and 49.2% of the S190B photos have less than 3% clouds, on the other
hand, 48.0% of the S190A and 44,.7% of the S5190B photos have more than 307%
clouds. Coverage within the 6-state region having less than 5% clouds totals
about 420,000 sq km—-about 39% of the total area of the 6 states (Fig. 1);
nevertheless, repetitive, multiseasonal, cloud-free coverage by good-quality
photos is very limited and many parts of the region have no coverage at all.

Figure l.-—~NEAR HERE

In addition to indexing all the photos of the project region on beth
1:1-million state base maps and on 1° x 2% quadrangle maps, we evaluated all
these photog in detail, in terms of cloud cover, usable frames, state coverage,
photographic quality [sharpness of detail, exposure, contrast/gray-scale
discrimination, and (for color and color—infrared photos) color balance],
endlap, detectibility of roads and of stereorelief, and utility for mapping
eight key geomorphic-geographic characteristics (Table 1). The evaluations
were made in as quantitative terms as possible, using actual measured
dimensions for factors such as detectibility, and a numerical rating system
(1 = poor to 4 = excellent) where qualitative estimates were needed. Thus,
the unenlarged photo transparencies from various -bands and flights of the
SL2, SL3 and SL4 missions can be dirvectly compared in a fairly quantitative
manner. A similar evaluation was made of the quality and utility of the photo
images of 12 spectral bands from the S192 multispectral scamner in each of
three scenes received (large areas in Kansas, Missouri, and Illinois; Table 3).
In addition, the quality and utility for geomorphic/geographic mapping of the
S8190A and S190B photos were compared with 8192 and ERTS (Landsat)-1 multispectral

_images of this region (Table 4).

Summarizing quality and utility in gemeral terms: photos from the SL2
mission were taken on June 10, 1973, a good time of year for mapping geomorphology,
soils, and surficial geology, because much bare ground is exposed in newly plowed
croplands and foliage cover in pastures and woodlands still is relatively limited.
These good to excellent photos are essentially cloud-free. Thus, overall, the
SL2 photos have proved to be the most useful of all the SL photos. None of the
photography taken on later missions achieved so favorable a combination of
circunstances for obtaining maximum information for.geompyphic-geologic mapping.

The SL3 photos were taken at the height of the growing séason and near-
maximum foliage conceals soils and surficial deposits and even minor details
of topography. Extensive cloud cover and dense haze on most flights severely
1imit the usable coverage. In several flights, some frames are slightly to
considerably underexposed (too dark) for the ground surface. Also, most flights
did not provide sufficient endlap for continuous stereoscopic viewing.

The time of year when the SL4 photos were takem (late fall and winter) was
of intermediate desirability compared with the SL2 and SL3 missions. 1In spite
.of much coverage that is useless because of clouds and dense haze, much coverage
also was obtained with few or no clouds. Several flights have essentially
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complete snow cover, others only partial snow cover. The snow cover conceals
information on soils and surficial deposits and is particularly disadvantageous
in the bands that are overexposed for the snowy areas (which generally is the
case). The SL4 photos vary greatly in quality; paii are very good to excellent
(the sharpest of all SL photos), but unfortunately, many photos are poor quality
to essentially useless because of severe overexposure for snow-covered areas

(and in some cases, underexposure for the snow-free areas).

The unenlarged photo transparencies we received (3d generation) are much
sharyer than the enlargements (4 X of S190A and 2 X of 5190B), though the
quality of the enlargements varies somewhat from flight to f£light of the various
missions. The relatively poor sharpness of the enlargements was a serious
drawback because we were obliged to use the enlargements for most of our
photointerpretive mapping.

The S190B photos invariably yielded significantly more geomorphic
information, in greater detail, than any S5190A photos. For the 51904
multispectral photos, the most useful bands for geomorphic mapping are the
color and the color-infrared bands——in some cases the color band is the best,
in other cases, the color-IR. The color photosg (0.4-0.7 um) provide the most
information on geomorphology, geology, and soils. They have better resolution
than the other multispectral bands, permitting maximum detail of mapping;
however, they also show much distracting detail not related to geomorphology,
geology, and soils (particularly, field patterns and differences in growth and
type of crops); also, they have poor haze penetration. The color-IR photos
(0.5-0.88 ym) show well the differences in soil drainage and moisture, and
vegetative types, but has substantially lower ground resoclution than the color
and B/W red bands. The B/W-red band (0.6-0.7 um) is superior for topographic
detail and stream alignments, but generally is less useful than the color band.
The two B/W-infrared bands (0.7-0.8 and 0.8-0.9 um) have the poorest resolution,
particularly in the excessively grainy SL2 photos; however, they have very good
haze penetration and show the various water bodies and the differences in
soil moisture especially well. The B/W-IR photos from SL2 were taken on
June 10, z good time of year for distinguishing differences in soil moisture
and drainage. The B/W "far" IR band shows these differences somewhat better
than the B/W "mear' IR band. Both B/W-IR bands are relatively poor for
distinguishing woodlands from croplands, topographic detail, and outlines of
urbanized areas. The B/W-green band (0.5-0.06 um) generally is so low contrast
and degraded by haze as to be nearly useless, except in several SL4 flights,
when haze was less severe.

1.3 Detailed evaluations of the quality and utility of Skylab
photographs made by using them for mapping analytic geomorphology
in selected test areas

As explained above, a key meauns of evaluvating the Skylab photos was to
use them to prepare photointerpretive maps of analytic geomorphology in
different parts of the Great Plains-Midwest that represent the main subdivisions
of this large region in terms of topography, surficial deposits, climate,
natural vegetation, soils, and land use. Our aim was to map natural landscape
units that can be identified in terms of factors (slope, local relief, terrain
profile, drainage density and pattern, soil color, and soil drainage) that can
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be directly interpreted from features vigible on the photographs, such, as
tone, pattern, texture, color, stereorelief, and land use. The test (study)
areas are:

(1) The South Dakota and Iowa portions of the Sioux Falls 1° x 2°
quadrangle.

(2) Northeastern Nebraska-western Iowa-—parts of the Sioux City, O0'Neill,
Broken Bow, Fremont, Omaha, and Nebraska City 1° x 29 quadrangles.

(3) Northeastern Missouri (and a small area in western Illinois)-—parts
of the gentervilli, Jefferson, Moberly, Quiney, and St. Louis
19 x 20 guadrangles

(4) Central and southern Illinois.~~ paritg of,the Belleville, Burlington,
Davenport, Decatur, Paducah and Peoria 19 x 20 quadrangles.

These are the first maps that portray the gecmorphology of large parts of
the Grezt Plains-Midwest in reasomably detailed quantitative-descriptive terms.
They give secondary attention to the genmeral character of the surficial deposits.
An important feature of the explanation for each map is a rating system for
each map unit in terms of environmental geomorphic/geologic limitations or
advantages for the following factors: topography, availability of shallow
ground water, gravel availability and quality, rock availability and quality,
slope stability, foundation conditions, ease of excavation, toad construction,
surface drainage, soil {internal) drainage, erodibility of soils, and sites for
sanitary landfills, sewage lagoons, and septic tanks. Such information is
useful for regional land-use planning and management, exploration for ground
water and construction materials, and other environmental geomorphologic/
geoclogic applications.

-

We experimented with several techniques and instruments to determine those
most efficient for the evaluative photointerpretive mapping. Where the photoc
provide stereoscopic coverage, the procedure most used was to examine 2 X azd
4 X positive-transparency enlargements of the S190B or S190A photos (mainly
the color, CIR, and B/W red bands) under an 01d Delft scanning stereoscope at
1.5 and 4.5 X magnification. We also made considerable use of a Kern PG-2
stereoplotter, using either the unenlarged S190B color transparencies or 4 X
enlargements of the color (or rarely, the CIR or B/W red) S190A bands. 1In
addition, we occasionally projected the unenlarged 70mm S190A transparencies
(various bands) onto transparent drafting film and mapped the landscape units
visible on the enlarged image.

1.4 General conclusions on overall value of the Skylab photographs

The better SL photos provide overviews of large areas in the best detail
so far available from space images of the Great Plains-Midwest. They are
important new tools for geomorphologic and geologic mapping. Space photos
such as these, with their synoptic, uniformly illuminated coverage, provide
exceptional opportunities to integrate both the strongly and subtly imaged
features without the noise of distra~ting detail, and consequently to determine
relationships that might be missed by photointerpretation of aerial photographs
alone. They permit significantly greater detail of mapping than the Landsat-1
MSS images, although their stereorelief and sharpness of detail is much inferior
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to ultrahigh (e.g., U-2 and RB-57) airphotos. On the one hand, they commonly
show larger relationships such as end moraines and morainic systems, many
geologic linears, and various geomorphologic-geologic anomalies better than
airphotos. On the other hand, many known features are not evident, such as
details of moraine patterns, stream terraces, faults, and bedrock units.

The maximum appropriate scale for comprehensive mapping of geomorphic
features varies not only with the type, quality, and spectral band of the SL
photos, but also with atmospheric conditions, local relief, land-use (especially
cropland) patterns, and amounts of vegetative or snow cover. In the Great
Plains-Midwest, several factors commonly tend to limit the acecuracy with which
boundaries between geomorphologic units can be drawn: (1) atmospheric haze,

(2) small, commonly gradual, differences in local relief (that are difficult

to perceive with the limited stereorelief detectability from SL photos),

(3) field patterns in farming areas that commonly cut across and obscure all
but the more pronounced changes in slope, and (4) vegetative cover during the
growiig season, ranging from crops of various types to pastures and woodlands
in various stages of growth. These factors result in a generally lower
obtainable accuracy of geomorphologic mapping than is possible in the Primncipal
Investigator's companion Skylab project im southern Arizona (Task 335, EPN 489).

With the better S190B photos and favorable atmospheric and ground conditioms,
the boundaries of geomorphic units that are sharply defined by changes in
slope and/or land-use (field) patterns can be mapped accurately (with accuracy
approaching National Map Accuracy Standards) at scales as large as about
1:150,000; however, the more subtly defined boundaries cannot be mapped
accurately at scales so large. Our experience has shown that 1:250,000 is the
largest scale that is warranted for comprehensive geomorphologic mapping from
high-quality S190B photos with relatively favorable atmospheric and ground
conditions (e.g., see Appendix Figure A4.2). Individual high-contrast features,
of course, can be mapped accurately at larger scales. Similarly, from the
better S190A color, CIR, and B/W red photos, map scales of about 1:500,000
are warranted for comprehensive mapping of geomorphologic units under favorable
atmospheric and ground conditioms.

The SL photos are best used with awareness of their special advantages and
limitations, as mapping tools intermediate between, and in conjunction with,
coarser-resolution images (such as Landsat-1 MSS images) and finer-resolution
ultrahigh and conventional airphotos.




1.5 Recommendations for future earth-resource photographic missions
from satellites

Continue to use
a. Multispectral camera arrays

b. Earth-Terrain cameras with focal lengths of at least 18 inches
(longer if possible).

c. High-resolution color and B/W films. (These provide not only
greater ground resolution but also better stereorelief-viewing
capability.)

d. Color films that enhance reddish hues, such as 50 242 and 50 356.

Provide 60% endlap coverage on all photographic passes. This will
provide a capability for stereorelief viewing.

Take care to avoid photographing areas with more than 30% cover of
clouds and/or dense haze. (Film saved by observing this precaution
could provide for recommendation 2.)

Operate at an orbital altitude substantially lower than that of
Skylab-A. This will provide better stereorelief.

Take photography at optimum times-of-year, such as:
a. Spring (best time of year for geomorphologic-geologic mapping).
u. Late fall, after foliage has decreased.

c. Winter, when foliage is minimal. Both scenes bare of snow and
those that are snow-covered are desirable, but care should be
taken to avoid under- or over—exposure.

Experiment with photography at low sun—elevation angles, taken in
early morning and/or late afternoon (local time), particularly in
winter, spring, and fall.

Watch the exposure. Tn the SL3 mission, many color and CIR frames
were underexposed (too dark) for the ground terrain, especially where
clouds are present; a few B/W frames were considerably overexposed.
In the SL4 miszion, color and CIR photos commenly were overexposed,
expecially for snow—covered areas.

Attempt repetitive multiseasonal coverage of the same aresas,
Utilize a multispectral scanner system that has capability for high

spatial resolution (now being perfected) in addition to high spectral
resolution.




2.0 GENERAL BACKGROUND ON EVALUATIVE PROCEDURES
2.1 Staff personnel and collaborators

Most of the evaluative/interpretive investigations in this project were
performed at the facilities of the U.S. Geological Survey, Denver Federal
Center, Denver, Colorado, under the direction of Dr. Roger B. Morrison,
Prinecipal Investigator. Assisting in these studies at Denver for periods of
two to several months at various times were H. Kit Fuller, Richard K.
Rinkenberger, James R. Muhm, and John Prohaska.

The state geological surveys of Illinois, Iowa, Kansas, Missouri,
Mebraska, and South Dakota collaborated in the project. They gave valuable
assigtance, both in the initial selection of study areas for gecmorphic mapping
and in evaluating the results of the mapping done at Denver. In several cases
they also supplied ground-control information on anomalous features and
possible new discoveries found by the interpretive mapping. Dr. Jerry A,
Lineback, of the Illinois State Geclogical Survey, made an extensive comparison
of the value of ERTS-1 images and Skylab photographs for mapping geologic
features in Illinois (Lineback, 1974). Dr. Merlin Tipton, Assistant State
Geologist of South Dakota, evaluated the geomorphic mapping in the South Dakota
portion of the Sioux Falls 1° x 2° quadrangle in terms of the surficial (mainly
glacial) geology. Dr. William H. Allen, Jr., of the Missouri Division of
Geological Survey and Water Resources, made a similar evaluation eof the utility

of Skylab photos for mapping surficial deposits in an area in northeastern
Missouri. (Table 0.5.)

2.2 TIndexing and preliminary evaluation of Skylab S190A and S190B
photographs

We received at Denver the Skylab photographs listed in Vables 1 and 2.
These were third-gemeration positive-transparency copies of both the unenlarged
and enlarged photog. Individual copies of the various kinds of photos and
images totalled as follows: for S190A, 222 scenes X 6 multispectral bands =
1,332 separate photographs, for $190B, 352 scenes/photos (1l band only); and
for 5192, 3 scenes X 12 multispectral bands = 36 images——a grand total of
1,720 photographs and images for the project region. These photographs were
received in duplicate (both unenlarged and enlarged copies) and the duplicate
copies were sent to the collaborating State Geologists.

Soon after receipt, the photographs and images were indexed om 1:1 million-
scale base maps of the collaborating states, and also on 1:250,000-scale 1° x 29
quadrangle maps. Figure 1 shows the coverage of the project region by SL photos.
Coverage with less than 307 clouds totals about 420,000 sq km, about 39% of the
6-state region.



The photographs also were evaluated in terms of cloud cover, usable
frames, state coverage, photographic quality, endlap, detectibility of roads
and of stereorelief, and utility for mapping eight key geomonrphic-geographic
characteristics (Table 1). Photographic quality of both unenlarged
and enlarged photos was evaluated for the areas in the photographs without
clouds and dense haze, in terms of sharpness »of detail, contrast, exposure,
znd (for color and color—-infrared films) color balance; any other defects
{such as s:zratches and other blemishes) also were noted. A numerical rating
szale was used for each factor, ranging from 0 (none) to 1 (poor), 2 (fair),
3 (good), and & (excellent). The average (mean) quality rating, given for
each multispectral band, provides a comparison of the relative overall quality
of the various bands.

Other attributes of the photos that are of practical importance to evaluate
are the minimum limits of two types of detectibility: 1linear features and
stereorelief (for those photos with sufficient endlap for full stereoscopic
coverage). Roads were used as a convenient means of measuring the minimum
detectibility of linear features of moderately high to high contrast. They
provide the best standard basis for comparison because they are the commonest
easily identified linear features whose widths can be easily measured or
estimated. Each SL photograph was examined under 7 to 20 ¥X magnificationm to
observe the narrowest roads detectible. To determine the width of these roads
(which can range from private driveways to farm roads, county roads, state and
federal highways and freeways), the same or similar roads were measured with
a hand 20 X comparator on U-2 or WB-57 airphotos of the same or closely similar
areas. This type of ground control from the airphotos eliminates inaccuracies
caused by "blooming'" and fuzzy definition of these relatively high-contrast
features in some SL photographs (often a road that contrasts strongly with its
background shows on the photos as wider than its true width). The measured
road widths are restricted to the bare road surfaces and do not include side
berms, ditches, or other features of the whole road right-of-way; the bare
road surfaces generally contrast strongly with the adjoining vegetated terrain.

Stereorelief detectibility was determined by examining stereopairs of
the transparencies under an 0ld Delft stereoscope (4.5 X magnification) and/or
a Kern PG-2 stereoplotter (5 to 10 X magnification) and comparing the minimum
discernible stereorelief on steep to moderately steep slopes with the actual
relief shown on 7 1/2 to 15-minute topographic quadrangle maps. For the S190A
photos, only the 4 X transparency enlargements were used because our stereoviewing
equipment could not accomodate the 70 mm transparencies. For the 5190B photos,
both the 5-inch unenlarged transparencies and the 2 X transparency enlargements
were measured.

Eight key criteria were used to evaluate the utility of the photographs
for geomorphic-geographic mapping-—the detail in which they show (1) land-surface-
form factors of slope, local relief, and terrain profile, (2) vegetation/
agricultural lama~use characteristics, (3) dark vs light-colored soils, (&)
well vs poorly drained soils, (5) stream order and pattern, (6) valley lowlands,
(7) water surfaces (lakes, ponds, flowing streams), and (8) urbanized areas.
These criteria were selected to emphasize the inherent advantages and disadvantages
of the various spectral bands. This evaluation is based on the unenlarged
transparencies (34 generation), and was made for all the areas free of clouds
and dense haze along a f£light path within the project region (states covered
by the project)., The same numerical rating scale was used for photographic

Table 1 mnear here.
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Second-moet useful bend for GG mepping. ig highest quelity end most :
useful, CIR bend 1s very good .
15 o Very greiny and fuzey; useless for landform detedl. Iarger| guelity end elmost es useful for :
(ca, 20)] ,°°* o-1 |2 | 0 |23} 2 " 113)1 t,p | water bodies contrast well; smaller ones do mot beeause of| GG mapping. B/W red band shows: |
{ca. 25) 2.5 low resolution, Gross soll-moisture differences show well| much deteil on landforms and -
but are difficult to separate Prom vegetetion differences.| streams but less total GG !
Bimiler to sbove (roll 8) except extremely grainy and information then the color and . !
{0 ea. 15 g 9 (95| o |2 | 1 |gu| 2= 0.5 1.1 | fuszy end somewhat less contrast, therefore less useful CIR bands. B/W ferther near<IR .
(ca, 25) 2 2.5 2.5 for GG mepping. band shows soll-moisture .
differences well, but ctherwise”
has little utility. The B/W |
7C pm tsp. are excellent photo guelity, but have scmewhet near-IR and B/W green bands erg
{ca. 15) ce, B 2.5-|1.5-| 2- 0 |3.5 2.5+ 2 2.5- 2.3 less GG informetion then color and CIR bends, Enl, eve too| the leest usefud.,
(ee, Q) |3.0 |2.5 |3.5 *713.0 3.0 - coniresty and less sharp than they should bve.
ea, 10 Pporest of the S1G0A bands in utility for GG mepping
(ca, 20) ! ps 1.5 | 2 1 0 1 1 1 ]1.5 1,0 | because poor haze penetration and atmospherie seattering
(ca. 10) seriously degrade contrast end sharpness. .
Essentielly cloud-free; teken at good time-cof-yesr for obtaining informetion on surficisl :
0 ca. B <5 mpterisls, soils, and landforms, Sterecscopic c¢overasge elso is highly adventegeous. Photo
(cs. 10) (10) 3.5 j2-3 (3.5] © 3 347 3 2.6| aquality end informetion content on GG feetures is very good for the 5-inch tsp., only good to
fair for the enl. The enl.are slightly out-of-focus end have severe roll off (not vignette °
: ing) for em., 3/h-inch around their outer margins, due to vwoor enlarger optics. B
o 70 mm ere much better cuality than the enl. Frames Cloud~free except in South m
(ca. 20)| ,c8- 7 2. 1-3 2-| o |25 1.5 s 2.5- - 239-246 are mueh under-exposed (%oo dark) and poorest Dakcte NY of Sioux City, Coler.
¢ {ea. 12) |3.5 |7 3,5 3.5 3 -2 3 . quelity, Enl are much iess sharp end with poorer eclor and CIR frames 239-2L6 are _
balance then they shouwld be, eongiderably under-exposed (too
dark); remeining frames ere
Like above, except enl. ere even poorer quality, very slightly under-exposed, Unders:
{ea, 20)| ,%8° 1o 2-3 |2-3| o 2~ 1.3 2-3| 23 1.5- 2,0 | @reiny, much Iess sherp, with some red specks end long exposure i5 less evident in the :
(ca. 15) 2.512.5 2.5 red geretch lines, B/W bends. GOood time-cf-year
{nesr-minimum vegetativa cover)
70 mm %sp, are much betber exposed then the enl. and have ggztgrhggomterpretation of G& -
(ca. 20) ca. 10 1 heo|ao 2- 1 1.5-| 2- [0.5- 3 better contrest, tone separation, and sherpness, Pooc ! v
* (ea, 12) - 3.5 3 ]3.50.3 7 | for deteils on landforms but good for scil-moi-ture B
differences.
: Similer to asbove, buat somewhat less contrast.
(.20)| 22 N1 holo ey | 10|15 Jua
{ca. 12) 25311 b
70 mm has neer-excellent photo quality and shows details
e, 10 o fa of lendfurms end streams very well; enl. ere scmewhat too
(ca. 20) 2-3 [i-3 |2-3 | © 2-3 |1-2 2.1 | contrasty, somewhdt grainy, and have lost some detedl,
(ca. 12) 3.5 3.5 .
_ Fair photo auelity (heze degredes contrast and sharpness
ca, 12 1-1 1= | 1-| 2~ of detail); leest useful band for GG mapping.
(o6, 200 | (ca; 12y |2 |2 § O [105]105 (1505 1.0
' ' " Promes 314-322 are considerably under-exposed (too derk); remaining fremes are somewhat
) ca, 8 ca. 5 . 3.y 1.5« (2.5~ o la-b 2=] 1~ 3.5 5.5 unéar-exposed. Tinenl, t5m ere very wseful for mepping most GG features. Enl are much less :
(ce, 10) (13) 3 4 3,5{2,5F" * sharp than they should be end have washed-cut celor, which severely limits thelr utility
for detailed mapping.
~ - el - " - EBBREVIATIONS
Evaluation of usiidity for mepping geomorphic-geographic (GG) charecierigtica ig Do. ® ditto eni, = enlargements .
ased on areas in the unenlarged trangparencies that are free of elouds end denge 8/W = black-and-white unenl, = unenlarged =
12ze, A range in values 1s given where significant variations 1n atmospheriec condi- CIR = color infrared mm = millimetar
tions and/or photographie exposure or procegging occur along & fiight. Commonly the GG * geomorphie-geographie NA = not applicable
1t1lity of the emlargements 1is % to 1 rating unit loawer for most characteristics.. IR __= infrared . tap.. = transvarencies

See Tible 5 for roviSeq specfral rarges for Fjw 5i90A bands,
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TABLE |, EVALUATION CHART FOR SKYLAB PHOTOGRAPHS OF lLLINOlS. IOWA, KANSAS, MISSOUR

UTILITY FOE HAPPING KEY GECH,

FHOTQGRAPHIC QUALITY? nmcﬂnn.rﬂ’
°€;:’:;2:s:m:ﬁ" piotpe dleegaton
in meter
ROLL ua, USABLE FRAMES A* gharpness of detnll —
SYSTEM pASS/ SLAYD COVER Totnl no, in 3: cn?trugtl »
oRpIT Rand - profoct aresisTATE cavERadxyp, 7007 Lienes By
(n}l;:gkujutuj HOUBER Spectrgl HUMBERS 2* average {pean} quality ] Sg!;:g- ROADS
mmue3 0-5% 5-30% >30¢ |Fally |Partly| (frage noo.} UNEHLARGED EHLARGED o
(10 o far S190A;| (4 X for SL90A}
i1z typd } Selach for S1908)| 2 X ror S1500)
SKYLAB 3
W8 A (T 192; e 3,90 A72.5
a1904 1B6m1: 190-195) Ip=2.5 B=3 e, 7 _
(haagsy | weas | a5 | 86 9 | mi. (15h-z00) |e=3 c=3 (ene 15) froul 10y 3
1 In. (195-157) fe=3.5 E*3.2 {p-3 B=2.9 |
(9/18/73) A2 A 1.5 |
Gelor=~IA B=2.5-3 -3 L]
o 5'0)88;.- Do. To, Da. Da. 5.8 . o5 . feo. 30} (ca. 43} 2
{2443 n: 2.5 £: 2.4 [D*2,5 E= 2,
&L A=2 A2l
oo I B £a M .
(5424) pr3 2.5 b-S g 2.2
13 S AT
g/g:énam te. %o, Do bo. Fa i {0 ‘; g) ¥
{él.u-) =2 E* 1.8 [p=2 E=1,7
U7 Al A5 ‘
g/:-aeg m Da. pa, Do. Da. E:f_s 2:3_ (en. 15) (:: zo) 3.5
(su ~o2) p-3-5  E73.7|p=3 E-2.8 ) :
XH] A% L5
- B=1. Be1, . -
E{‘;_ﬁfg"“ Do, Do, To. te. g g (oa. 15} |50 22, s
{s0-022 p=3 g7 8.7 n:z 5 E=1.8
s 18 & |5 {a =5 } 3'; 5 Fe3.5 <35 '
. e = * 3,
gcios o (gig.zm) aggze | pe3-gey | 210.218 n n1. {102} |e=h c=k A {ca. 8) el
{9/18/73) (Shoziz) -223 2e5-2e7 p*3.5  E=3.B[p=35  Ev3.5
21904 n ho 8.0, 5056-059; A=2-1 AnD &
talor 253t neb. (053-05T) [n=2-3 fr3 ce.

P 0, 4-0. 70 (;g';,g‘;;, — 060 053-059 3 5= 1.5-3 £71.5.2.5 o tens 1) 12
30/13 {50-356 ) D=1.5-3 Ev2,h|b72.5  Evah
(9/10/73) 9 A7 2 L5 B

Colar-12 o — To. ro. Bz s L P ;‘g) 1|
.5-0, = - .
(224191 i b2 E*2.0 D=2 £*1.8
315 A1 a5 1
- B=1.5.2 B2 en. .
g/; éﬁqm bo. — Da. Do. sl o A (ca: 52} 05 |
{2222) b=2.5 E* 1.9 |D=2.5 718 \
37 A=2 Al ‘
B/H-1R Da. — Do. To. g’l‘s Bel.3 i (:: gg) 0.5z
0,7-0. 8 — o-— . |
(2:34) wm Dr2 E" 1.0 |D-2-2.5 E-l.6 |
L1 h=e-3.5 [H]
. B= 2~ =2 .
g/g_;"gpm Do. — Da. bo. n___a 2,.., i) (:: Io)
(20-022 } p=1 g=2.7 |p=2 E=2.0
u2 A 12,5 A*1-2
%’::5"2;3 ba. - Do, Ta. Bs B o { e 20
(én-oéz) D23 E*2.0D=3 E*L.8
51908 3 a5 8.0, 391..1103; A" 3-h Ax3=h 10
- Reb, (Wo-397) |as2 Be2 et er, 5
30/16 B/W | S - — | 38502 8 P il (ea. 20} (oo, 7)
(9/10/73) {S0-3414) p22.5 E*2,7 [pe2.5 E=2.7
s1904 27 34 T, %2533259) g'a.g—s.s g"a 6
3 Golor 262264 - 252-255 S.B. {25 2 "3 ca.
i 0.4-0.74m] (25k-259) 257259 256 | 2ol 2 Neb. {o5h-p58} |c=2-3 -3 : B ien, 10)
3044 (50-356) Ken. {25h.255) {D221.5-3 E*2,6]|D"n,5.3 E-2.9 ;
(9/6/13) k%) A%2.5.3 A=2.5 K|
gn;g;-;ﬁ To. Po. Do. Do. 2;5‘3 2:3 A (2:. ig} 2
(2247) D=1,5-7 5 £72.3 [P*3 £v3.9 “|
3 A=L.5-8 L5 -
n/u-18 B=1.5-2 p=3
g.5-0.0pm) pe- Por |t cr— -l L [ 0:5
{2524 o=3 E*2,2 |D*3 3.5 Ui
31 4=1.5-2 A=LS i
a/%-18 Bel.5 Be3 A ca. 25 a5
La. ba. Do, o o
Q.7=0, gpm . e— ga— {ca. 35) I
(24243 4 p=2.5-3  E=2.0 (D=3 E=2.5| ) T
35 A=2,5-3.5 A=3 T
B/4-red o o o o Fias ot 1) ca. 8
?gg:gg_g’f“ | Dsl.5-3  E=R.5[De1.5-3  E=2.3 {ea. 10 :
36 A"1.5-2 A -
- . :
i B v bo- | e g c LI ey} 0
{50-022) : D=0.5  Ev0.9|Dal.5-2.5 Ex1.5
51908 o7 8 Feb, (020-032] [ A=3-3.5 A72.5-3.5 g
¥an, (026.027) |p=2.5 B=2.5 1
30/44 80325, i | (otooy | om0zt |  ceo | oeseces 1 | 8.5, (o32) ga2-3 c=e-3 TR Wl e
9/6/73) (50-242 ) Te. (03208t} Jo-2-3 g2 Tloved EeR.6 o
FOOTNDTES

1F:‘aneu lipted In parentheals are wholly or partly within the project }
region. ¢
ZRuyericel »atl e for photographic unlu and utﬂi f ec™
uurphic-Eeogrup“usggpe?n OP- nagn ? q x guor. a = o F

3 = gouvd; 4 ™ cxcellent.

Humbers no%t &n parenthesis refer to unenlarged tranz-

parencien; numbera In paretthenis apply to transparency
enlargemento., See laopt aheet for detalled discusanion of
detectibiliiy measurements.

4 Tvaluation of ytility for capping Ee°=°?ﬁ.ﬁ§1!
hrged on areas in the upenlarged transpaTenc:
haze. A range in vnlues iz given where nipgni
tions and/or photosraphic exposure or procest

uull!.j' of the enlarpépments 1a tc 1 ruting

ORIGINAL PAGE I8
.OF POOR QUALITY .

S See Table 5 for revised 5Fec1'ral ranges {-urB




TOGRAPHS OF ILLINOIS, [OWA, KANSAS, MISSOURI, NEBRASKA, AND SOUTH DAKOTA (page 2 of 5 )

UTILITY FOR MAPFING KEY GECHORPIIIC/GEOGRAPAIC CIMACTERISIICS

2,4m

PHOTOGRATHIC QUALITYZ zorTBILITY?
of iraBopasene fea 2:.{“"'; d}meuaivﬂ QENERAL REMARES
(34 peneration In meterd
A" pharpnenss of detatl -
b= contrast »
C= calor halaneo a
0" cxposure 21
E* average (mean) qualfty a g;ﬂgg' ROADS Individunl bondao: Sumgary for filght
H q
" R unlity and utility {211 bands}
UNENLARGED ENLARGED s
(70 == for S190AL[ (4 X for SISUA}
3-tnch for 51900} 2 x for 5t503) |
_SKYLAB 3 — —
EERR] Av2.H - 60~ Doapite empiderable degradation by hore, charpness of Poor tizme-of-year (near-raxizum
R= 9.5 n=3 o cn, 7 3 ° ! 70 tm top 4p nenr-cxcellent and « antraot falrly good, vegetation cover) for GG sapping.
IR oxl (ea, 15) {ea. 10) 35 2 31 3131 h 2.6 fnietng then vory useful for GG mappud. Orainincos of the | Pepper-and-galt pattern of elmuds
D> 3.5 Ex 3.2 [D=3 22,9 2 gmidnﬂblw {rpsirg thelr ut{lity. Endiap 0.15% i | and clemd-akajows over mest of
= L7
Avp A-1.5 70 = tap heve poor charpaess Gut falrly pood contrast goéﬁcgrrgﬁzsg'ﬁmﬁng
P=2,543 -3 fn. 30) ca. 25 250350 |2 |Ls] 2 |23lis 1,8 jand colar balanee, Enl. are very gralny, which decresses the utflity for CO capping.
£0.5 2.5 . {ca. O} thedr utility far GG capping.
D- 2.5 2.k |p=2,5 2,4 However, in opite of oczp
: P2 =2, Ex2, . | degradaticn by hare of the ealor
=2 A=l 70 o top are quite groiny, enl, oxtrezely no, making thez | and green bends, photo quality
n=2.5 n=2.5 (o) > 50 1 hs]o 1 1 1 1- |0.5-} 1.1 [oF 1ittle utility for Gd mapping. DIffieult to distinguich of 70 == top eolor, CIR, and red
o — L= > ' 3.5 1 **{cloud shedows from lakes and pends, bandg {most useful ones for GG
D+ 3 g 2.9 D=3 p=2.2 eapping) ir falrly good to very
rengiderably less
A=1.5 Al SInliAT to above, GXCOPE AGF6 GGNLrA0t, PLODibly bersuse good, Eri, sre cens ¥
B2 B2 > 60 1 ol g nceevhat over-cxposed. ) sharp than they cheuld be.
ox— fa—— {0} (> B0) 1 1|1 =30 L.0
pe2 Er1.8 {p=2 E= 1.7
g"?: 5 l»}"2.5 5 70 r=s tap nre near-cxcellent photo guakdty end very ue ful
3. *3 ca, for GO mapping, Fnl. are very grafny and scoewhat leas
g o Cer {ea. 15) | (207 30y [3-5 |25 |15 © |3.5]3.5) 25 3 2 . FR
D=3.5  p=3.7|D~3 E+2.8
a‘g 5 A"1.5 Fair photo quelity (hace degrades contrast end ghaspnens
"1, B=1. . - P .
P n=_5 (ca, 15) (::. ;g) 1l liled 13:5 1 |1 0.9 of detatl); 2eact vaeful band for GG 1 apping
D=3 £+2.2 |p=2.5 E=1.8
A=k A=3 Poor Libe-ol-year {NEDTCA: vegatative cover) for GG mapping. Repar-and-gslt clcud and
D= 3.5 8x3.5 60 <5 P Y 3 o 4 & c1oud-shadow pattern over most of project reglon peverely restrictc v:ility for GG =apping.
ok el 0 A (ca. B} 3 13.5(1-3 3.6 lthoto qunlity of 5-ineh tap 18 near-exeellent; enl. are quits sharp aod have goed color,
D=3.5 B+ 3.8 |b13.5 E= 13,5 Montly 60f endlep; 0-15% cndlop in IE end, -
AT 2.3 A%2 15 [70 == 1IN cootern o, DoNota (057-000) Gre NOGOWHAE GnoAr— J Utility very limited because
Bep-3 B3 n co. § 1= 1ol s o |1ol1al1e 1- 1.3 exposed, which, with soze hoze, reduces sharpness, contrast] ar excesasive sloud cover amd
€*1,5-3 £=1,5.2.5 {ca. 12} (2.5 2.5 and color balanco, Enl. are somewhat better expozed but haze. Phots guality (70 = end
B+1,5-3 E2p.4|b=g.5 Ev2.4 [roderately gralny and fuzsy. enl) fair to tostly poor. FPoor
o tipe-of-year for GG zapping--~
A=2 A=z1.5 [70 =3 are poor quolity, considerably under-exposed (too vegetative cover tends to cbecure
B2 Ba1,5 " ca. 10 1 atolrbs)1]is 1- 1,0 [iarit) nod quite grainy. Exl. are even poorer, very grainy. | GG features.
C=2 oz (cn. 12) o X1 " ery low utility for GG eapping.
b=z Erz.0 (D22 E=1.8
AT 1.5 A*Ll 25 = 4fe very graiwt:;: fuz#y; enl. are extrecely
B 1.5-7 Bz <o, 0-5+ rainy and low resolu . Noarly uvseless for GG tapping.
g pall 7Y {ea. 35} o 0.5l 0 [t |05 0.5 3 |®5 0.6
pr2.5 E=1.9 (b~2.5 E=1l.8
A=2 A*l 5 iotier to chove,
B=l.5 B=1.5 ca. 2 0.5
Go— P H (ca. 35) o 05| o |Jo.5]0.5| 0.5 2.5 0.5 Q.5
pra 2v1,8 |p*2-2.5 E=i.6
A"2-3.5 A=2 0 & GTe Foirly goed Puoto QUAILEY Gtopite local degrad—
B=2-31 B2 ca. 7 0.5+ 1= htfon by hnze. Enl, ere gmevbat grainy asd fuszy.
P — Tid (ca. 10) 2312 1{0 g [1-2 2 |a.5 1.5
D=3 Ex2,7 |D=2 £22,0
A=1-2,5 Ax1ed R Poar sharpness and low controot becauss of haze rander thin
o el m |ea.30 foslos|o| oes|aosasf o,y fr2nd {bath 70 £ and anl.} the lenst useful for GG mapplng.
p=3 E=2.0fD"3 E*1.8
= 3-k aa3-4 R 5 rery 5!::? detatl but semewhat under-oxpased (too derk}, especimliy in eactern South Dakota,
B=2 2 cg, 1 ca. " % bhich th pode hoza, somewhat reduces sharpneas, contrast, and utility ror GG eapping.
BR— g:_. g0 {en. 20} {{ca. 7} 232311 0 |2-3)2-31 1|3 1.9 Pﬂehtf.-;‘ endlop than EI.‘DOI\. '
DI85 E=2.7|D72.5 £22.7
\=2,5.3,5 A3 15 Praman 250-201 arv badly under-ewposed (400 0ark), which Fromes 256-250 heve few cloudn
I=n.3 Baj cn, B plcgraden centrast, gharpnena, end color balance; 256-257 ond ore mostly hate-free; fra=sc
103 03 A {ca. 10} 2323 1 o |2-3le-3] 1)U 2.0 hre semeviint under-ezposed; 252-255 are well Sxposed out 252-255 and 261-26% bave very
J=1,5-3 E%2,6|b%2,5.3 E=2.9 have much ¢louds & haze, Enl. are bettor expooed. lizited utility because of much
£loud cover and hage. Fraz:
?:2.5-3 A:E.s o Finﬂu to abave, except scecvhat loas charp. 258.261 in 70 m format "cu
i=2.3 B3 m ca. 1 2~ 2310 |12l 2| 2 1.3+ 5 1.9 bedly under-expased {too dark)
Jeo -3 (wa. 12) J2.5 3 in the colar, CIR, B/W rod end
171,5-2,5 £7g,3)0%3 £=2.9 D/W green bands; enl. or better
%150 A*l,5 Expoaure good for A1 frames. Eow charpness, cupeelally d. Lack ef pic
1.5-2 B*3 ca. 25 1.5. 1.5 th= enl. vhich are very grainy but have better contract coverage- restricta utility for
- gu— (1) (m. 185} 0 77 e|1)o5|05 é 5[9+5 0.8 fhen the 70 mm.  Very Xinmfted utility for GG mhpping; shows | GG-tapp
3 £72,2 (D33 E*g,5 ) : 70:nly the lnrger otreans, lokes, & reservolra.
1,5-2 A*1,5 Hiilor to above, eXcent loms contrast.
1=1.5 Be3 ca, 2% L5~
I Coee m {on. 25) 0o |3.51 0 1 |90,5]M5 2.5 0.5 0,8
132.5-3 E=2.0|p=3 £=2.5
A=3 Saoe frames are tog Gosk (under-exposed) as in the coler and
Ba1.5 - en. 8 12 |15los| o N 1| os| 3 11 ’TR bapds; shorpnesa 1n(rnlx-1:|)r good to very xn'?d; emtract
T . - . . - «1 |l tatrly poor to good {70 tm) or falrly poor (enl.).
21,5-3  Ev2.5|p*1.5-3 E=2.3 (ca. 10) pos
=1,5-2 ALz m(fmneu ao in t)bz: coler and CIR bands are e
=0.5 By en, 10 piork {under-expored), thus cost of frasea fn the relatively
Mo Coe [ {cas, 12) 05 (0.5 o | 0 |o5f0.5( 0.5|1.5 0.8 B1oud and heze-frec arcos ore cocentislly uselenn fer GG
0.5 E+0,9 [P=l.5-2.5 Ev1.5.|. [=apping. :
=3-3.5 A®2.5-3.5 - Frarcn, 029-03% Are tostly eloud and hane~frec and ghow very good detail for GG mapplng;
-gg n-g,g 15- " o, 7 a5 o-losd | 12.5 2 s| 4 - 02%-028 have conpfderablo cloud cover nnd hase. Lack of atercoscopic coverage Linfts utflity
B2 G2 N - 2 o |ty oG capping.
22.3  pap.7|pee-3 g=2.6] © (ca. 8) {35 [3.5] 2 3.5)3.5 ]
HorEs 4 gvaluation of utflit t hi hia (G8) charncteristica { ATREVIATIONS "
N valyation of y ¥ for mapping geomorphie-geographic characteriztics {a Po. ® ditt . enl, * enlargements
8 refer to unonlirged trans“{ bnge¢ on areap in the unenlarged iransparenclen that are free of slouds and dense n?w - blne:*nnd-ih{te ¢ enl. * unenlarged
:__t_:g'!s!u l}'ﬂply to tranaparency| hage, A range in valuea s given where sipnificnnt varintfons in atmospherie candf- CIR * eolor infenred on 2 pilticeter
§rior wrtalled diacasolon of | ¢teng and/or photosraphlc exposure er processing oocur along & flight. Commonly the | GG < goomorphie-geographte HA < nat applicable
. utitiiy of the enlarge=ents ia 4 to 1 rating unit lLower for oost characteriptica. TR * in{rared top. 7 transparencies

T See Tahle 5 for revised spectral rarges far Bfwt SI0A bands.
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TABLE |. EVALUATION CHART FOR SKYLAB PHOTOGRAPHS OF [LLINOIS, IOWA, KANSAS, MISS
: T T TR T
VIILITY FOR HAPPING KE
PHDTOORAPRIC QUALITYZ 3 :
of tranorazencd Sniman diresetor
N (3d uannrradu:nn i o motarn
ROLL K0. USABLE FRAMES ® sherpneos of deta o
SYSTEM Fass/ CLOUD COVER Total no. In g; cn?tra;tl -3 !
; ORBIT Band FRAME! projest Aarez|gTATE COVERAGE|p, ::pg:urg anee ﬁ
Track NUMBER -
| truaent deted Speatral | NUMMERS E nvernpe (moan) quality 8 {2;{’;52 ROADS
rangeS o~5% 5-30¢ >30¢ trully |Partly| {frame nos.) | ywENLARGED ENLARGED a
1 (70 ma for S190As| (4 % for 51908;
[r11= typd S-inch for 519081| ‘2 X for 51908}
_ SKYEAR 3
o1 e Ta, Eegg-atﬁ‘ﬁ A%1-7.5 AR “T15- R R
51904 ¢ Dolor B51-067 ate 251-261 o 71, (262-065) [p*1-2 Bagp € | (en. 20y | =2 -1y alasfro LK
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5/%-18 5% 3-3 B*0.5-3 ca, 13 ,
0.7-0 gpm| O Do Do pe. gv— o tes. b0 (Sar 33 [o-2 22| 0 o-
(2424) | p=1-3 _ Ee1.8{D*0.5-3  Z=1.5
"o . .;' 23,5 Am12.5 -
L g .1 -
%/:-?gpm Do Do, Zo, To. c'a_s gal_? (ca, 15) {z:: 20) 37:5 1.3} 0 'é»:,
(30-022)- D*2-3  E=2.6|dr13 Ezig v . : o
e ICE A" 1-2.5 '
B/W-green a%1,5.2 B=1-3 ca, 12 ,
0.5-0, Do, Do, Da. Do, \ o= — gr— (ca. 15} e 1?2 1 [+ 1-
{s5-055" : D=z Erl.9{5"1-3  Eel.9 ‘ fea. 289177,
S190B 85 92 5.0, (100-170) |A" G A" 3 —_
coler « 166 . tiev. {175-181) |B=3.5 [Bx2,5 c8. § <5 2- :
18 Goa26,7in| (tecamon | 266r3] 20 s | a3 i oz | sl o A R 8 a5 IS R RN R P b
(1/28/74} (s0-242} : D735 E=3.6[p=2 E" 2.5 :
iz‘;ggga Ligted in parenthesls ere whally er parily within the prejeet | fasbers ot in pa“nt:::'i':":i“ v e —g . 4 fraluation of utility for capping geos
2 1 . - - T v fer fo unenlarged trand-{ paged on areas in the unenlarged tran
n*g‘ggﬁﬁE'é%o%"g'gighﬂggtggng‘grnﬂ:ﬂgggzs x’ﬂg qujl_lf_-tbnnm? gdlit; LfoF 880~ | parencies; nuchere in parenthesia apply to transparency| nace, 5 range in values is given ,,h“:p
P P b poer; 2 = fa
. . + ¥ enlargements. See last mheet for deiailed discugsion of | = ¥( 4 »e or
3 good; 4 excellont. X Va z by Eis tions and/or photographic expomyre ar p
: . etectinilisy ceesurezents, - . 4411ty -of the enlargenerts ix.-% to 1'%

F See Tab[esfu;?\-.v'i:ed spestral ranges for
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)TOGRAPHS OF ILLINOIS, IOWA, KANSAS, MISSOURI, NEBRASKA, AND SOUTH DAKOTA {page 4 of 5)

WTILITY EGR MAPPING REY GECHURPHIC/GEOSRAPHIC CRARACELRISTICS

2, 4m

FHOTQORAPHIC QUALITYZ DETECTIBILITYT
¢f transparenal - GENERAL REWAREZ
| tid aengratiuni' ;.u.nifuu ﬂinesaior.
A" aharpneas of detail ~ 1 _metar
B sontrast »
-|E® zeler balance .
"|D* expoaure <
E® aversge (mesan) qualiiy S |STERED- [RADADS Individual bands} Sucnary for flight
= |sELIEF gunidty nng utilisy {all banda)
UNENLAROED ENLARSED m
{70 e Cor S190A3) (& % fo= SES0A;
S<tnch for SIS0B)} 2 X for S190B) . m—
SKYLAE 4 i ' _
A= 1-3.5 A% 12,5 [ Detail and contveJi very good (70 tm) to geod (eml,) In (Clcud-cavered frce &7 end to Withe
8= 12,5 B 1,5-2 {ca. 15)| S8 108, (5|0 fieafr o« l2s 1,1 |highereliefl, lemst wnan-cuvered aress fe I Migpeurd & W, {in o fow niles scith of liadcurd
0a — £ . (ca. 20) q N Nlinois, but over-e posu e un anowscoversd plains rendess River; entively spiv-coversd
D= 2-2,5 Fw1,9(D50,5-2 E=1.6 4l ,80d cocatrest poor, especially in central mpdmoriierpinorthenst of the Hisssurf River.
ATl A 0.5-1.5 Bimt1sT to ebove, T, WS Very gradiy and 6o Guer-eiored Golor ‘"‘ncf*e“"“ exe ”‘“3“3::::'
e 1. He en. 12 |0.5. " cn enowecovered piaine ms to be useless for 0G mapping X e
e 3 Mullt (ca. 23} | (7 50y 35 10|06 [2-3j1 [o-1 23 1.1 [chege aresn; eml. aleo have :u::g elangata bright ved spots :};Balgvfr:g"og:rf‘gr;:st;ni; :{:
D* 1.2,5 §71,3|D*0,5-1.5 == 1.0 {aven cutside carging of fraces). anoW-covered areas a5 to be unuse
A% 22,5 A® 17 Very grainy, eEpecieliy enil, .DAtAil pooT on PROi-covered  |able, Fhoto quality of B/
D* 12,5 B 1.2 (cn, 30}] 2 20 [05-[ o [ 4 | @ 2 Ho.5 o 1.5 0.7 [FL2in0, faly elseshere, . . farther pesr-IR (voll €2) ts gocd;
O — . — . (en, 40) |2.5 a M . B/W neer-IR (roll 62} iz bedly
Dx 1-2.58 Ew 1,7{D*1-2 Ew 1.5 fodeed end wnusable; 3/W red ia
A% 1k AL > Tedly fogaed] VELy GRainy, oapeciaily emi.; Zeteils Tassy; [trccilent) mod B/ green ia good,
g:.l:_ '5‘_:: 1_ (ca, £0) Fe 23) o lolae o {15005 |0 Jo.5 0,3 |nesrly useleas for GG capping.
D=1 2= 1,1|p= 0.5 == 0.A )
Ae 1-3.? Ax 2-3,5 15 le liot A3 badly ovar-exp win ‘vared m“h:! the col=
H= le, 52 2e3,5 ca. e = or ant CIR banda, Areas with lemst anew cover have very
T — Cw = (ea, 25) (ca, 15) |3 |2 O] O} 3 2 0225 3.2 gacs eharpness and contyast. Very useful tamd for ¢&
De 12,5 E= 1.9)D%2.5-3.5 E= 2,7 capping.
Ax 1-3 A= 2.3 Best exposure of m.:l. BRAdR and Yetter ‘cwunttast tnn: usual
= 1.5-3 BuX,5-3 ca, 1z | 1~ for thie bang In Midwes%, .Almost as sharp as red tand
o — i (oma 234 yoar 28y |ovs [2 [ O 0| 302 (o225 1.2 |{az4ghtly mave grainy) in least pav-covered mreas, About
D= 1-3 Er 2[D=1.5-3 E=2,3 ks uzaful ag red bend for GO eapping.
(A= 0.5-3 A®0,9-2 Cloude, HaZe, and avar-expocure limie the fyazes that ¢an be uged for GG =Apping, Frases
Bm )-8 B* 1.5 e | =8 ear 10 (0.5 | o | o |25 |02 | 2 1.1 [307-12% (57 to centrel Mimseuri) have » 507 cltuds and dense hezeq 132-113 have 15-50% clouds
b gr— (ce. 207} {en, 20) | 2 k1N i ** |ant danse hmze, 114-125 mre cloud-free. Light snow cover in dispected aress in frazes 112.117
D# 1.2.5 Ewl,7|D=1-2 E* 1.4 . srhances tepographie detedl, but cver-exposura on snew-covared plains in 115-125. seversly
lstte shots sualtty and utllaty for oo cassing, ~»
|A= 2.5:5,5 AT 1-3 €0 Eest hgt Tor O Sarorestisn,” 0 == ,éi'féigr‘;#aﬁﬁ‘iﬁ:’ Clsud-fres ever =amt of Ecuth Da-
B« 2-3 B=1-2.5 en. 8 [1.5-]0.5-] 0- gvar-erponsa 1or fpme bt aulkote (fre=es 041-0%5 keve no to
C- 5 13 (en 390 (G0 Sy [RF] 0 1 0 |wafeen ol puen | |a [ S, VARG Hisiined SERLL R eRlE B e e e
De 2-3 £» 26|07 0,5-3 E= 1,9 24 Por %& ueu‘ggié dc 5355'33“ e ?}ﬁ &n gnui nebreska border mastly (60-95%)
that all detall is Jostj also quite grainy with tloy brown [ayouda and denss haze. Ecme snpw-
A% 19,5 A" g,5.2 1 lo 0.510.5 5 rattles. coversd aveas in Eoutk Dakota,
B 1,5.2,5 8x1.3 {es. 2o}l 5% i e L A DS Ll PN 0.9 [Like sbove ngt rore greiny, ecpecielly enl, SZdte yed  rn 5,0., color end CIR bends are
C* 1.3 gm 1.3 - (e, b} [ 2 | 2 212 2.5 . " |specka (defects). B lander-expased {tco dark) for antnre
b*1-3 Z= 2.0]0h* 1.3 £21.8 ’ free sreas and over-expased (tos
A% 1,5-2 am2 78 == and enl, quita griiny, SRArpnoAn TALT; Weil expoaed [Light) for anowy arems; 3/W red
BT 1.5.8 8=1.3,5 - cr. 15 for sncwy aress, unier-expoaed (%oo dnrk) for snow-free £nd grees benda ave vell expousd
it {ca. 20} (ca, 15} |02 |02 © ! o | @=2|o-2 jo-3 Ja-z 0.8 [argqa, rax nn:',[;mg asn, Gut ;}5,-
2y 5 3 = lsxposed for snewy mreas; B/W
b= 2.5-3 2v2,9iDv1,5-3 Era,0 Pavther nesr-IR band “'wn_
L A= exposed for enowy eress but wrier-
a= B= exposed for srow-fres cuss, BW
c= [d eaver IR basd {rall L9) wae sot
b= E= o= E® recelved,
A% 1-2,5 AT 12,5 Somewvhat grainy (not as sharp &f mast toighta), Good
B* 0.5-2.3 BE 1 . - centrast and exposure for- snow-free areas, ba ovar-
Om W3 {ca. 18) (2: EO) 303 | o [ o |oa3j0-3 |oez [1e7 1.3 [expognd for nany arens, » Bedly
D=1-3 £ 1,7|D=1,5-3 E*2,0 .
A% 1-2.5 AR 1-2.5 . [Very grainy, pocr to falrly good detally puch over-expased
B® 0,5-2.5 5= 0,5-2.5 { 12) ca, 12 1- |1~ o 6 1.} 1. 1 1. . 1.3 for snewy areas, well exposed for sncw~free cnes.
o= — -— 8. (es. 22) {2.5 (2,5 2,5/2.5 2,5 .
D= 1~3 Z= L,7|p*1-3 Ev* 1.7
A® 2.5ab A=2.5-3.5 Tloud-free over coot of B.0l.; moStLY ~louds and Kese Gi fres §,.u,-leb, barder, Unenl. ophsve
= 1.5-3 g2 1,5-3 ca, B ca, 5 L 1= 1= - excellent detail; enl. are sliphtly grainy with tiny brown rottles but very geod quality, Theld
¢= 2,5-3,5 o= 2,5 & {ca, 10)| (em, 7) e o 3.503.5 %3 |3.5 1.9 |£rermen 001009 are ugd;r-e{pc:;é for' mw—t‘gee terr;iln‘gz:csh Dggs;gesg:gntg:th:g:tle;ulegzgggd
! it - - Brens = -007; enl,
p &k Bz 2.8{p=2e3 £=2,6 . ffgﬁ.‘“’:ﬁ-%‘p u:;n °§='e3§ac sng:_gw;geﬂ for snowy Ereas., Snms oover enhences topographic
: “:EE¥ jﬁg !ﬁ'g Areag ot ﬁzﬁ.nﬁg i
A= 23,5 A3 1-2.5 [ = 914 greiny; BXposure gobd IOT BNOW-iTee arend, [-asentially cloud-fres scroaz
3= 2=3.5 B= 3-3.5 ca, 7 1-1 1- Te| 1« | 0 |1.54) aemeuket sver-expsoed for smowy sress (where many detsils  [South Dakota to Siocu City ares;
€% 3 o= 3 . (cre 230 ronl 8y |2.5 (35| %3] 0 | 35| 3i5]es | 3 L5 |are 20st). Zml. quite grainy with tiny browa cottles) welllfarther ST 4s 1605 clou3s.
D= 2-3.5 E=2,8|Dp31-3,5 =23 exposed fer sngw-free areas, but ap over-exposed for onowy jfardeble light anew covey in emate
+ thore rn J. Dakota. The light anow
A 23 A= 1.2 0 r= quite grainy] too bluej fczehat sver.pxpaned fer over 4s advantagecus besmuge it
{3z 2 E= g ea. 28} %8 20 | 1-12) 0| o 1- 1 4,9 |y Bress. Eal. very gvelfy, tos Llue; oo over-exposed  |ceentustes pany datailp of tepa-
g2 gez - - -lea. {ca. 13) |25 (2.5 g.5[2-2 [2-3 {1-2 +3 eor suowy areas ez ko be uselass there; well.expased. for breghy. Enl. generally S ever-
D=2 7 2,1|Dx 1-2 g9 1.8 gnav-free areas, Se=e red rpots. hxpooed for snowy ereas as ta te
Av 1.5 A% 0,5-1.5 . 70 &= wery grainy, oeeewhat under-exposed for snow-fres aoclens. there for GG rapping.
B 1e3 3= 0.5-3 ¥ ¢a, 13 aveas & n'.'er-expu;m for gnowy areas.. Enl. extrezely cmnilm red bands are the coit
L7 — o —_— {ca. Lo} {ca. 16) B2 (-2f 0} 0 loplo2l-3f1 0.9 svatmy, pany bisck mottles; oo over-exposed for sncwy areas [Beful.
o 1-3 S* 1.8|p=0.5-3 E*1.5 s to be useless there.
A= l-;»-? A#D,5-1,5 . . flie above.
Be 33 . 8= 0,53 : ol eae 13 :
o= — f=— . {ca. Q) (cn, 18) -2 (3-#]l 0] 0 |o-Rlo-2 |23} 1 0.9
D*1-3 Ev1.8|D=0.5-3 E71,5 .
A*2-3,5 - - [A®1.D.5 R T [70 t=2 fairly eharp; expssure Talr f4r onow, good for snowe
Bw2-3. %143 {en. 153 0 8 =119y g | o]t 13 o | 2 1.4 [free aress. Enl. demovhat graimy} =uch ovar-exposed for
Co— G% . {en, 10} { 3,5 3.5 2.5 ** |anow~govered aress.
D= 2-3 E"2.6|P=1-3 E¥1.5 . o o .
v A=1-8.5 ) 0 == alightly grainy acd low contrast, expssuve falr for
B= 1.5-2 B*1-3 (15 S B a0l 0o iely [z ]2 0,9 [poth snovy end anow-free avess, Enl, sceevhat gralng;
grm o= : {ez. 12} *? Lexposure and contrast gesd for snew-frem mress, poar for
D=2 Z=1,9(p~1-3 E»1.9 . lincwy arang {cvgr-_exp:uzed'far thase}, .
Ank IXEN : [Fazentiaily eloud~-free Reross South TAxota to Sioux City area; farther SE 4s 1007 elouia.
B= 3.5 gea.5 & cn, B <5 g - o 4 3.5 Joa3 | b farisble 1ight encw cover in eastern S, Dakota, Unenl. tsp. ere very sherp u}:h good ayposure
£e3.h 2.5 01 (ca, 10 (cs. 8) 3.5 - - 249 (- both znowy and anaw-free sread. Enl. are gecevhet grelny end o {tos Light),
D=3.5 Er3.6l0n2 - - E=2.8 B khich degrades color and eoptrast in swow.Cree prsas and eliminaten mast detadl in snowy. :
TT] - - raas; mamy scratcoca. _ . .
ITHOTES % 2vatostt r etiiiey o : ; : : — TUBREV AL TONS X .
N . valuation of u ¥ for uopping geomorphic-gecgraphic (GG) exarmcierisiicm 1s . 4 erl. = enlergementa
f’i?. vefer e unenlarged irann-| waged on areas in the unenlazged 'tranwarmcieg tgut ore free of clouds and dense E‘}w - :i:g;-nnﬂ-whitg unenl, * unenlarged
ntheais SEPIY to transparency| haze. . range in values 1s given where pignificant variamtions in ztmospheric comdi~ ¢IR & soler infrared =2 * millipeter
et for detalled discusaion of [ tiang and/or photographlc exposure or processing ocour slong @ flight. Coemonly ihe | ap = reoporphic-gecgraphic MA  ® not spplicable
L utility of the enlarzemants in 4 to 1 rating unit lower for most characteristies. th 2 ipfeared tap, @ transuarencles

<% SeeTabie 5 for- cevised spetral randes for Bjwl SI90A bands.
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TABLE I. EVALUATION CHART FOR SKYLAB PHOTOGRAPHS OF ILLINOIS, 10}

PHCTOGRAPHIC QUALITY2 DETECT;
of transparencigs inimn
| N (3d generationﬁ in o
A= gharpness of detzil —~ :
USABLE FRAMES
ROLL NO. CLOUD GOVER ToaDIE PRAMDS 5= contrast ®
SYSTEM PASS/ rolect area|gTaTE covemace|C coler balance o
ORBIT Band FRAMEY P . D= exposure < B
Track/ HUMBER NUMBERS E= average {mean) quality = [STERED-
'flight dete) Spectral ’ = |RELIEF
range 0-5% 5-30% >302 {Fully [Pertly| (frame nos.) UNENLARGED ENLARGED =
n {70 mn for S5190A:| (4 X for 5190A;
riln typsd S-inch for SL908)| 2 X for 51908)
| SKYLAB 4
83 70 2 11 | New. %122-130; A=0.2 A™0~1.5 ] ‘
- . 8,0, {13%-132 B=0~1 B0-1
31904 goloz 120137 | 131137 | 120-130 |120-108 o, (133135) |o— F (ce. 25
A-0.7m | (322-135) D=1 £=0.8 [D0 0.6
30 (s0-356) E=0. 5 .
o 69 A= AD-L
1/14/74} Color=-IR B=1-2.3 8-0-1 (ca. 15
0-5'0-85}!!‘“ EBo, Do, Do. Lo. ci,__, . cf__ -_
(2443) D=2 E=2.2 |P=0.5 E=0,5 ]
ot A=L.5 A=0,5
g/\;-_{ngpm 134-137 13%-337 — — 0 2 gfl-ﬁ ng-F-E {ca. €0
P OTU, . - o
(2424} D=1.5 E=1,5 |D=2 E=1.2
&7 a 11 A=g.§ . A=g.5 j
B=0.5~ B=0-2 '
1 B | QSR | s | g0 |sa0a2m o o (o 0
(2424) : . D=1 E=l.2 D=2 E=1.2 ;
71 A=3 A=0-2 i'
E/E:EE$HHI Do. Do. Do. Do. o et fee. 15]
tsa-022" D=2 E=2.2 |D=0,5 E=0.7 j
72 372,5 i=2 |
3"3'%’2;2 To. Do. Do, Do, iy oo (e2. 13,
_ (s0-022) _ D=l E=1,3 {p=1-1.5 E=L.7 j
. Leb, (0B9-102) |A=3 A=3 i
1908 &3 cora eranm | 8.0, (100-205) [B=1.5 B=2 el o8
30 100420, 7um | (oBg-10g) | 0911 | 090-093 |or-oég [ 11 7 Ta. (103-106) - [o=— ce— (ca. 10
1/14/74) (30-242) D=1.5 E=2.0 (D=2 £=2.3 %
:
:
i
3S:mnle.
5%
] of’ the :
and/or
the min
with th
meps, I
used be
trenspa3
trenspe)
Roi
detecti]
They pri
cmnnei’
i
i
Kan. {042-055) |A=2.5 AL.5-8 K
A " |cotor - olio-061 WPV Ho. (054-061) |{Be2.5 Bal-2 €] (o 22
58 0. 4=0.7um | (cl2-061) 042-051 | 052-035 | 056061 [ 21 3 Pt plintl {ea. 15
1/11/7) (50-242) D=2 £=2,3 /D252 ELY
. _ o o |
o FOOTNOTES !
lryemes 1isted in parenthesis are wholly or partly within the project 4 Evaluatis
reglon. 3 Numbers mot in parenthesis refer to unenlarged trams=| baged on e

2Numerieal ratin% systeT for photographic quality and util
hie ping

moyphic-geograp
goodj 4 = excellent,.

3 =

mep

¢ 0= none

(nil}; 1 = boor; 2 =

air;

-detectibility measurements.

ty for geo-|parencies; numbers in parenthesis apply %o transparency| haze, A
enlargements. See:lest sheet for detailed disaussion of

=E

tlona andj
utility of

FOEDOUT rrany |

ORIGINAL PAGE IS
OF.POOR QUALITY .
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, IOWA, KANSAS, MISSOURI, NEBRASKA, AND SOUTH DAKOTA (page 5 of 5)

UTILITY FOR MAPPING KEY GEQMORPHIC/GEOGRAPHIC CE&RACTE&ISTICSZ'A ’
DETECTIBILITY 3
indpun dimension GENERAL REMARKS
in meters)
_T,gfl‘gg' ROADS Individual bands: Summary for flight
s quality and utility (a1l bends)
ca. 10 70 mm and enl, both Ec¢ greatly over-expased that few | Enbirely show-covered. All bands
(ce. 15) (ca. o 050,55 |0 jo |asfos] o hs 0.4 [detelis are visible {darker features)) useless for GG are much over-exposed and have
' mepping. lost much detell, High sun-
elevabion angle also decreases
o m 278 confideravly over-exmosed, BUt 1585 o than The informetion on topographic deteil.
(ea. 15) (:: ig) 1losfofol1{1]oles 0.8 | Solor band; em. exe move oyer-cxpaded, show few details, Sﬁﬁfﬁivfeﬁfﬂiéﬁi iﬁlﬁ;
. are e grai .
o grainy, and essentially useless for GG mepping for G& nepping. Some clouds and
. di haze SW of I
T T B3 & GoRewhEL OVEr-cxposed, quite grelny; eni, are " E-Lme mas S o orth Plette,
cg. 20 guite over-exposed, very grainy. (Beceived only 4 freme Hehvagka; encontially cloud end
. o - . 8 -
(e €Y (g oy} O30 [0 1o los|osi05) 0ub | o this bamd,) haze-free to NE.
e, 35 o 0 o 0 ' Like ghove, except less contrest,
(ca, 600 (ea, 20)| 05| % |© | © fo0.5|0.5]0.5]2 0.3
o 70 It BT6 SOmEWhet Over-cxposed; enl, BYE eXLremely over- |
cE. . R exposed, have lost most deteil and are useless for GG
{‘ca. 15) (ca. 25) o-210.5 | 0 0 j0-1{0-1] 03 0.7 meTping, o _ )
ca. 10 0 0 70 mm end enl, both much over-expased; miuch deteil haes
. " - R - been lost; nearly useless.
(ea, 15} (ce. 12)] OJo.5 | © | O {9105 q 2.5 0.5 H ¥
Entirely snow-covered; ccﬁsiﬂerahl‘y over-exposed (but not ag bedly as S190A4 coleor bend),
e, 8§ ca, B 1~ oz | o o -} 1- 0-1|2-3 1.1 which degredes sherpness and contrast. High sun-elevetion angle slso decreeses informaticn
(ea. 10} (ea. B) | 2.5 2.51 2,5 *+ | on topogrephic deteil, Some thin cloude end dense heze SW of North Flatbbe, Nebreskas
essentially eloud and haze-free to NE. Enl, relatively good quelity despite severe over-
— expesure of the magter £iim,

3Smlementary’ data on detectibility measurements,--

] Stersorelief detectibility was determined by exemining sterecpairs
of the transperencies under en Old DE1Ft sbereoscope (4.5 X megnificetien)
andfor & Kern PG-2 astereoplotter (5 to 310 X magnification) end compering
the minimum discernible stereorelief on steep o moderstely steep slopes
with the actue) relief shown on 7 1/2 to 15-minube topogrephic gusdrengie
w8ps. For the S190A photos, ofly the L X {ransperency enlargements were
used because our stereoviewing eguimment couwld not accomodate the 70 mm
trensparencies. For the S150B photos,. both the S-inch unenlerged
iransparencies &nd the 2 X transperency enlargements were measured.

Roads were used =28 & convenient means ol messuring the minimm
datectibility of iinear Peatures of moderasely high to high contrast.
They provide the best standard besis for comparicon because they sre the
cormenest essily identified linesr femtiures whose widths cen be easily

messured or estimaited. Esch 5L photograph wes examined under 7 4o 20 X
megnificetion to observe the nerrowest rcads detectible. To determine
the width of the roads, renging from privete drivewsys to farm roads,
county roeds, stete and federal highways end freeweys, the ceme or
gimiler romds were messured with a hend 20 X ccmperator on Us2 or WB-57
airphotos of the ssme or closely similar ereas. This type of ground
control from the eirphotos eliminates inaeccuracies caused by "blocming"
snd fuzzy definition of these relatively high-conirast features in some
5L vhotogrephs (afgsen & road thet contraste strongly with its background
shows on the photos 23 wider then its true width)., The measured rcad
widths are restricted to the beve rosd surfaces and do mot include side
‘berms, ditehes, or other festures of the whole romd right-of-way} the
bare roed surfeces generally contrest strongly with the adjoining vegetated
terraln. .

<1

el 10
{en, 15)

{ca, 14) 1.3

2.5(0-21 0 o | 8.5( 2.7 0-1{1-2

€05 ciouds: remeinder bo NE have > 60F elouds,

No 51504 coversge recelved for this flight, Entirely snow-covered, Uneol tép. are some-~
whet grainy and over-exposed (degrades sherppess and contrast),
and contrest end very limited utllity for GG mepping.
neer SW corner {lemgitude 100°) to within 50 km of the Missourl River.
NE Kenses end adjolning Mlssourd, frames 052-055 have 5-157 clouds and fremes 056-057, 40 to

Enl, have poorer sharpnaess
Fearly clmnd-free across Kensas from
Heer Missouri H., in

- ABBREVIATIONS )

alvation of utility for mapping geomorphic-geographic {cG) charaeteristics ia De. = ditto : enl. = enlargements
2¢ on areas in the unenlarged itransparencies thet zre free of elouds and dense 8/W = bleeck-and-whlte unenl. = unenlerged

=, A range in values is glven where significant variations in atmospherie condi- QIR = eolor infrared nm = millimeter

6. and/or photographic exposure or processing occur slong a flight. Commonly the .| 6. = geomorphic-geographic  NA = net applieable
Ety of the enlargements is + to 1 rating unit lowe¥ for mosd cheracteriatics. 1 TR = infrared AR . 4gp’ = trensosrencles

Teble & for revised spectral ranges For BW SISGA bands.




quality. A range of values is given where necessary because of variations in
photo quality or utility along the £flight path because of variations im
atmospheric conditions (haze), 'exposure, or photo-processing. Commonly the
utility of the enlargments is 1/2 to 1 rating unit lower for most
characteristics.
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3.0 GENERAL SUMMARY OF THE COVERAGE, QUALITY, AND UTILLITY
OF PHOTOGRAPHS FROM SKYLAB MISSIONS 2, 3, AND 4

3.1 Coverage and cloud cover

About 881,000 sq km or 8l% of the total area of Illinois, Iowa, Kansas,
Missouri, Nebraska, and South Dakota was covered by Skylab S190A photography
(Fig. 1). Unfortunately, 48%7 of the total number of S190A frames that lie
wholly or partly within the project region have >30% cloud cover and only
47.47% have <57 clouds; of the total number of S190B frames within the project
region, 44.7% have >30% cloud cover and 49.2% have <57% clouds (Table 2).

3.2 Overall summary

In general, the quality of the photos increased from the SL 2 through SL 4
-missions. However, the SL 2 photos are the most useful because they were taken
at the best time of year for geomorphic mapping and are nearly cloud-free.

. In essentially all flights, the S5190B photos yield more geomorphic information
than the S190A photos.

3.3 8L 2 Mission2

This mission provided only two passes, 6 and 7 (tracks 19 and 33,

respectively) over the project zegiom,. but nevertheless, overall, the most
useful photographs, covering parts of Illinois, Iowa, Missouri, Nebraska, and
South Dakota. Most of the photes are of good to excellent quality and
essentially cloud-free, with little haze degradation. Also, both passes were
flown on June 10, 1973--still early enocugh in the year to profit from the
croplands having been newly plowed, foliage coverage still very limited im the.
croplands, pastures, and woodlands, and soil-moisture conditions being nearly
optimum for showing differences in soil drainage. None of the photography
taken on later missiomns achieved sc favorable a combination of circumstances
for obtaining maximum information on landforms, soils, and surficial deposits.

 Pags/orbit 6 (track 19).--These photos are essentially cloud-free and
properly exposed throughout the projeect region. Of the S1%0A multispectral
photos, the unenlarged (70 mm) positive transparencies are evaluated as follows?
the high-resolution color (SO 356 £ilm) band is of excellemt quality; the color-
~dinfrared band is quite grainy but otherwise of excellent quality; both B/W
- infrared bands are extremely grainy and very poor in sharpmess of detail; the .
B/W red band is excellent, and the B/W green band only of fair quality. The
color band provides the greatest amount of information, especially on topographic
detail (land-surface form, valley lowlands, and stream order and pattern) and
soil color. The graininess of the color-—infrared photos somewhat reduces the
information they provide on topographic detail; nevertheless, these photos
show soil differences very well. The B/W red band gives sharp topographic
detail, including stream alinements, but less information on soils. The B/W
infrared bands are so extremely grainy and fuzzy that they yield almost no

Table 2 near here.

2 Spectral wavelength ranges of the various film-filter comhinations
(here called "bands”) in the S1904A multispectral camera array are:
‘given in Tablee 1 and 4 and seciion 1.2, :
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Table 2.

Comparisons of Skylab photopraphy of the projeet reglon:

(1) total Erames received vs these wholly or partly within the project region, and

{2) frames within the project reglen with <5% clouds vs those with 2307 clouds.

)

Misslon/ Track Total frames

(2]

Fraces swholly o  (of frames within preoject region)

receivad partly within the
project remion < 5% clouds 2> 307 clouds
5 190a
sL 2,& 19 31 30 ' 30 ‘ o
T 33 29 7 18 7
SL3, Tl 13 11 2 g
T 30/16 8 7 0 7
T 30/44 13 6 3 2
T 33 17 11 0 10
T 44/58 28 ca. 10 ¢ ca, 10
T 62 6 3 -3 a
SL4, T1 19 13 7 _ 4
T 19 (11/30/73) 25 21 [ 17
T 19 {1/18/74) 21 ca. 48 9 ca. 9
T 30 E5: i 5 7
Totals 228 171% , 81 82
Percentage of botal frames ﬁhul.ly or |
partly within the project reglon esescccsasosscssscaseene 47,4 4B.0

* 171 % 6 bands = 1026 :obai 5 1904 MsS phutné wholly or partly within the project

region.
5 1908
SL 2, T19 40 39 39 )
T 33 18 a3 T 23 8
SL3, T1 18 12 : 4 . 7
T 30/16 ' 16 15 [+] 15
T 30/44 17 11 5 5
T3 . - 33 ‘23 ' 2 : 20
T 46758 29 ca. 17 0 ' ca. 17 -
T 62 11 8 3 o
SL&, T1 T 20 iz 7
719 (11/30/73) 38 32 5 27
T19 (1/18/74) 20 ca. 17 ' 14 ca. 3
‘T30 28 18 : 1 ‘ 3
138 = s 1 6
Totals 331 264 130 ' 118
. éercem:age of t:clt:nl. Era-n'ms wholly or o R .
partly within the project Teglon .essavenscvcacacssoacess 49,2

&4, 7
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information on topographic detail; however, at this time of year they show
soil-drainage differences very well. They also show well the larger water
bodies (because of high contrast) but the smaller ponds and flowing creeks are
not registered because of the very poor resolution. The B/W green band is the
least useful because of reduced contrast and sharpness as a result of atmospheric
scattering and haze degradation,

A1l the 4 X S190A enlargements are less sharp (fuzzier) than they should
be.

" The S190B unenlarged color positive transparencies are excellent quality.
Their superior sharpness (because of high-resolution f£ilm SO 242) and stereorelief
capability makes them especially useful for geomorphic—geographic mapping.
Unfortunately, the 2X enlargements are much less useful, for they are slightly
out of focus and have severe distortion (when viewed with a stereoscope or
stereoplottexr) for about 3/4-inch around their outer margins, indicating poor
enlarger optics.

Pass/orblt 7 (%rack 33).~The remarks above also pertain to this track,
except (1) there is considerable cloud cover across South Dakota northwest of
Sioux City, and (2) eight frames of the S190A color and color-infrared bands
and nine of the 8190B frames (in South Dakota and Towa) are considerably under—
exposed (too dark), which impairs their contrast, color balance, and sharpness,
thus reducing their utility for geomorphic-geographic mapping.

3.4 SI 3 Missiom

Photos from this mission were taken at a poor time-of-year for interpreting
geomorphology, soils, and surficial deposits; i.e., late in the growing season,
when foliage cover was essentially at its maximum. (Flight dates range from
Aug. 5 to Sept. 20, 1973.)} (The B/W IR bands are essentially useless because
the highly reflective foliage largely obscures any tonal differences that might
be caused by variations in reflectance of soils.) The usable coverage is
severely limited by extensive cloud cover on most f£lights. (For example, the
photos taken on flight track 44/58, pass/orbit no. 28, are almost totally
unusable because of nearly continuous clouds over the project region.) In
addition, atmospheric haze in the cloud-free areas commonly impairs the sharpness,
contrast, and coloxr, reducing the information content of the photos. Also,
in several flights, some frames are slightly to considerably underexposed (too
dark) for the ground surface, which further impairs their information content.
Most of the flights on this mission also were deficient in the amount of endlap
of successive frames, so that they do not prov1de a capablllty for comprehen91ve
- 8tereoviewing. .

Pags/orbiti8 (track 1), ——-Pepper—and-salt pattern of clouds and cloud
shadows over most of the project region (except near Chicago) severely limits
utility for geomorphic~geologic mapping. Despite considerable atmospheric haze,
the quality of the unenlarged transparencies is mostly excellent for the color
(both S190A and S190B) and B/W red-band photos, fairly good for the CIR and B/W
farther near-IR, and fair for the B/W nearer IR and B/W green-band photos. . The
color and B/W red-band photos are the most useful for geomorphic-geographic
mapping, and CIR band is moderately useful, and the B/W IR and B/W green bands
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are nearly useless. The enlargements are all quite grainy, considerably less
sharp than they should be, except the $190B 2 X enlargements, which are quite
sharp and have good color. Endlap is mostly 60%, but in places changes to
15% and locally to 0% with gaps in coverage.

Pass/orbit 31 (track 30/16 )}-Widespread clouds limit the cloud-free
coverage to parts of 3 frames (S190A) and 8 frames (S190B) , mainly in eastern
South Dakota. Of the S190A photos, the color band is somewhat under—exposed
(too dark), the CIR band is much under-exposed, the B/W red band is well
exposed; both B/W IR bands are very grainy and fuzzy, essentially useless for
geomorphic mapping; the B/W green band also is useless because of poor sharpness

‘and very low contrast caused by haze. The S1S0B photos were made with high
resolution B/W panchromatic (3414) f£ilm and have very sharp detail, although
degraded in contrast because of moderate under-exposure. The S190A &4 X
enlargements are generally quite grainy; the S190B 2 X enlargements are quite
sharp, although poor in contrast. '

Pags/orbit 27 (track 30/44 »—Cloud cover limits the wholly usable
frames to 2 (S190A) and 5 (S190B), and the partly usable ones to 2 (S190A) and
-1 (S190B). All the usable S190A frames are badly under-exposed in the color,
CIR, B/W red, and B/W green bands (not the B/W IR bands). The S190A 4 X
enlargements of the color and CIR bands are better exposed. The S190B color
transparencies (both unenlarged and 2 X enlargements) are good quality and show
good topographic detail, Lack of adequate endlap for stereoscopic viewing
severely limits the utility of both the S190A and S190B photos for mapping
landforms.

Pass/orbit 51 (track 33):-8S190A: Only three frames (in Iowa) are
partly usable, because of widespread clouds and dense haze. Cloud-free areas .
_in these frames are varisbly degraded by haze, especially the color and B/W
green bands. CIR band has better haze penetration but is very grainy. B/W
farther near~IR band is very grainy, B/W nearer IR band is extremely grainy;
both are essentially useless. B/W red band has best sharpness, contrast, and
utility, S190B: one fully and four partly usable frames with some areas free
of clouds and dense haze, but even in these areas some haze degrades contrast,
sharpness, and color. Enlargements are quite grainy and fuzzier than they
should be. Endlap is mainly 60% but only 10% for the western part of the usable
coverage in ITowa.

. paecsforbit 28 (track 44/58)-Essentially unusable--28 S190A frames
and 37 S190B frames. One hundred percent cloud cover over the proiect reglon
except for four S190A frames and eight SI190B frames (in NE and central Lowa),
which have >70% clouds and much haze in the cloud-free areas; also, some of
these frames have only 15% endlap.

Pasgforbit 15 (track 62 )~-5190A: Of the 70 mm transparencies received,
parts of only three frames are within the project region, southeastward from
the vicinity of Wichita, Kansas. These frames have few clouds but considerable
haze, and have 60% endlap. ' We received 4 X enlargements' covering not only the
above area but also extending mearly to the NW corner of Kansas; however, NW
of Great Bend they have only 15% endlap. The color and B/W green bands are
greatly under—exposed (too dark); their enlargements are better exposed. The
CIR band is quite grainy but has excellent color and contrast. The B/W red
band 70 mm transparencies are good guality, though somewhat grainy; their
enlargements are poor.
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8190B: Coverage extends from near the NW to the SE corners of Kansas,
and is mostly cloud-free but with much haze SE from the vicipity of Wichita.
Execellent photo quality except where haze reduces contrast, color balance,
and sharpness. Stereoscopic (60% endlap) SE from vicinity of Great Bend,
nonstereoscopic (15% endlap) NW of Great Bend.

3.5 8L &4 Mission

Much coverage with few or no clouds (and also much with extensive cloud
cover). Winter season-—~flight dates range from Nov. 30, 1973 to Jan. 18,
1974, Snow cover ranges from nil to partial to full. Color, CIR (and other
S5190A bands in some tracks) are generally over—-exposed for snowscovered areas,
and in some cases under—-exposed (too dark) for snow-free areas—/. (For Track 30

—jExposure problems reach their zenith in areas with patchy snow cover
(for example, SL- 4, T 19 (Nov. 30, 1973), frames 041-043). Exposure that is
correct for snmow-free terrain will over-expose the snow-covered areas, and vice-
Versa. A possible remedy: use an exposure about half-way between the two
correct values; then, in processing the enlargements, expose one set correctly
for now, the other set correctly for snow-free ground. (Unlike photos with
partial cloud cover, in those with partial snow cover, both the snowy and
snow—free terrain can yield important geomorphic data, if the photography is
of adequate quality in each type of area.) '

(pass/orbit mo. 83), all S190A bands are so over-—exposed as to be nearly useless.)
In all tracks with snow-covered areas there are almost no shadows because of
the relatively high sun-elevation angle (the photos were taken nearly at midday
loral time)-~which is unfortunate because details of topography would have been
greatly enhanced by shadowing if the photos had been taken with a low sun-
elevation angle. TFor snow-free areas, foliage cover is minimal but fewer
croplands have been plowed than in spring (SL 2 mission) and soil differences
also generally are less distinct at this tiwe of year. Some of the color photos
(S190A aznd/or S190B unenlarged transparencies) from this mission are the sharpest
of all the Skylab photos——those properly exposed for snow-free areas, especially
the S190B track 19 (Jan., 18, 1974) photos. Utility of the CIR band for geomorphic
mapping at this time of year is relatively poor, and that of the B/W IR bands
is very poor; the B/W green band has.less haze degradatlon and hence hlgher
utility than it does from the other SL missions.

Pass/orbit 82 (4rack 1)--Mostly cloud-covered from SW end to within
a few miles south of the Missouri River; mostly eloud-free but entirely snow-
covered NE of Missouri River, across NE Missouri and Illinois. The color (S190A
and 5190B) and CIR (S190A) photos are somewhat to severely over-exposed for
sncw—-covered areas. B/W red and green bands are well exposed for both snowy
and snow-free areas and have good sharpness of detail.

Pags/orbit 54 (track 19, flown Nov. 30, 1973.--Cloud-free over most
~ of South Dakota; 60-~95% clouds and dense haze SE from South Dakota-Nebraska
border. - S190A: 70mm ecclor and CIR bands are somewhat over-exposed for SNOWY
areas and somewhat under-exposed for the snow-free areas; color band has
excellent sharpness of detail. (Enlargements are very over—exposed for the




snowy areas and grainy.) Other 70 mm bands range in sharpness and contrast
from very poor to fairly good, and in utility for geomorphic mapping from
poor to fairly good. .

S190B: Sharpness of detail is excellent. (unenlarged transparencies) to
good (enlargements). Many frames are under—exposed (too dark) for the snow-
free areas and over-exposed for the snowy areas. '

Pass/orbit 85 (track 19. flown Jan. 18, 1974.--Essentially cloud-free
acrogs South Dakota, but 100%Z clovd cover southeastward from near Sioux City,
Towa. S190A: 70 mm color, CIR, and B/W IR bands are well-exposed for snow-

. free areas, but badly over-exposed for snowy ones. B/W IR bands are very

grainy. B/W red band is fairly sharp and well exposed for both snowy and

snow—free areas. All enlargements are very grainy and so over-exposed for
the snowy areas as to be useless for geomorphic mapping in these areas.

S190B: Tnenlarged transparercies are very sharp and well-exposed for both
snowy and snow-free areas-—about the best-quality photos obtained from Skylab.
Variable light snow cover in eastern South Dakota enhances topographic detail.
Enlargements are somewhat grainy and over—exposed, especially im the snowy areas.

‘Pagg/orbit 83 (track 30)--Entirely snow-covered. Some clouds and
much haze SW of North Platte, Nebraska, few to none to ncrrheast. 5190A: all
bands are much over—exposed and register relatively few details; only the CIR
and B/W red bands have even slight utility for geomorphic mapping. S190B: not
so badly over-—exposed as the S190A color band, hence of moderate utility for
geomorphic mapping. Enlargements are better than usual quality.

. Pass[_gg:'bi-t 81 (track 58)-—No S190A photos, only S190B photos received.
Tntirely snow-covered. Mostly cloud-free from SW Kansas to within 50 km of

the Missouri River; some clouds in NE Kansas and NW Missouri; 40 to >607% clouds
farther to NE. Unenlarged transparencies are somewhat grainy and over~exposed
and of only moderate utility for geomorphic mapping. Enlargements have poor
sharpness and contrast and very limited utility. '
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4.0 COMPARATIVE UTILITY OF THE VARIOUS S190A
MULTISPECTRAL BANDS AND OF S190B PHOTOS

4.1 General considerations

The comparative utility of the various S190A bands changes considerably
with seasonal changes in vegetative cover, newly plowed land, and soil moisture.
These changes are greatest for the color-infrared (CIR) and B/W IR bands but
are appreciable for the other bands as well. Also, the atmospheric haze
commonly present in this region causes much seattering, particularly in the
color and B/W green bands, resulting in degradation of contrast, sharpness of
detail, and (in the color band) hue and chroma. The amount of haze degradation
varies considerably between the various £lights (Table 1). It is well known
that the CIR and B/W IR bands are the least affected by haze.

4,2 S190A color photos (0.4-0.7 um)

The color photos are the best in all-around utility of the 5190A multispectral
array at all times of year. They furnish the most total information, in the
greatest detail, because of the high resolution, spectral range, and color
fidelity of the SO 356 coloyx f£ilm. Especially advantageous for geomorphic,
soil, and geologic mapping is the fact that this film-filter combination actually
enhances the longer wavelengths in the visible spectrum, namely, the reddish
hues. (These are mostly lost in aerial color filwms such as S0 397, which also
has only about half the resolution of the S0 356 f£ilm.) However, the plethora
of detailed information, much of it not related to geomorphology, soils, and
geology, commonly is a drawback. Also these photos have relatively poor haze
penetration. ’ ' '

4.3 S190A color-infrared (CiR) photos (0.5-0.88 -um)

These photos have good haze penetration and show differences in relief
and soil mosture (soil drainage) fairly well (especially in the SL photos taken
in spring) but they have fairly low spatial resolution (sharpmess of detail),
generally being quite grainy. They emphasize vegetation differences much better
than the B/W IR bands (and, of course, any other bands). The ease with which
the red-hued IR-reflective vegetation can be distinguished can be either am -
advantage or a disadvantage. Tt is an advantage where vegetation differences
correspond to and reveal differences in geomorphology; in such cases the CIR
photos are at least as useful as the color photos. However, where much
reflective vegetation is present the strong reddish hues are distracting noise
that tends to obscure other details of the landscape. Most non-geologists
consider CIR photos to be most useful during the growing season~-but we regard
this to be the poorest time of year for landscape mapping. We also find that
in winter the CIR phetos are much less useful than color and B/W rad photos,
even in snow-free areas--neither vegetative nor soil differences are conspicuous,
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4.4 B/W infrared bands (0.7-0.8 and ¢.8-0.9 um)

The two B/W infrared bands have the poorest resclution, particularly the
excessively prainy SL2 photos. Thus they are relatively poor for distinguishing
topographie detail, outlines of urbanized areas, and croplands from woodlands.
They have good haze penetration. The larger open-water bodies generally
sontrast highly with adjacent terrain because of their negligible reflectance;
however, the smaller streams and ponds cannot be seen because of the poor
resolution. Water bodies that are very turbid or rich in algae or ather
vegetation may also be too reflective to be seen. Moreover, lakes amnd ponds
commonly cannot be distinguished from cloud shadows, particulariy in
underexposed photos. Grose differences in soil moisture/drainage commonly
show well where bare soil is exposed, as in some SL2 photos; however, where
areas of leafy vegetation are present, soil differences cannot be distinguished
from vegetation differences as well as they can be in CIR photos. In general,
any tonal differences that are evident ir either of these IR bands are most
clearly evident in the farther near-IR band because of its somewhat greater
contrast compared with the nearer-IR band. In winter these bands rank among
the least useful bands because tonal differences caused by vegetative and
s0il differences are very small, even in snow-free areas.

4.5 S190A B/W red band (0.6-0.7 um)

The B/W red band has good resolution and fair haze penetration. It shows
topographic and stream-alinement details especially well, with littie
distracting noise; also some soil-moisture differences are shown in ¢LZ photos
that supplement those shown on the B/W IR bands. This band is poor to fair
for distinguishing water bodies. It ranks after the color 2nd CIR bands in
general utility for geomorphic mapping.

4.6 S190A B/Y green band (0.5-0.6 um)

The photos in this band generally are degraded in contrast and sharpness
because of atmospheric scattering caused by the widespread ztmospheric haze
in this region. Scattering is much more prenounced in this spectral band
than in the longer wavelengths. Comsequently, this band generally has the
poorest utility for geomorphic mapping. ' o '

: 4.? S150B photos

The high-resolution SO 242 color film generally used in the S190B Earth
Terrain Camera resulted in extraerd'narily sharp photos, with good color balance,
ineluding enhancement of reddish hues (very desirable). The better photos can
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be enlarged more than 10 X without significant loss of detail! . Consequently,

/ from SL 2
—'The 2X enlargements of S190B color photos,are much less sharp than they

should be--distinctly less sharp than the unenlarsed 5~inch photos viewed under
2 X magnification. Also, when viewed under a high-quality stereoscope or a
Kern stereoplotter, they have severe distortion starting about 3/4-~inch in

fyom their edges. This is not vignetting. The unenlarged S5190B photos do

not have this; therefore the distortion appears to be caused by poor optics

in the enlarger. The 2 X enlargements from SL3 and SL4 are better quality.

the S190B photos invariably yield significantly more geomorphic information,
in greater detail, than any S190A photos cf a given area. .

On one S8L3 pass, 31, B/W high-resolution panchromatic f£ilm
(SO 3414) was used. These photos have superior sharpness of detail but
unfortunately those covering the only area in which they were evaluated for
geomorphic mapping (the Sioux Falls test area) are badly underexposed. This,
together with their limited tonal range compared with color photos (and the -
lack of stereoscopic coverage on this f£light), severely restricts their
usefulness for mapping geomorphology, soils, and geology.
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5.0 SUMMARY OF QUALITY AND UTILITY OF S192 MULTISPECTRAL IMAGES

The only S§192 multispectial imagery received was three scenes, taken on
Passes 8lemd 82 of the SL4 mission. One sceme, 1,420 km long, covered parts
of northeastern Karsas and northwestern Missouri; amother, 1,140 km long,
covered parts of northeastern Missourli and west-central Illinois; and the
third, 1,140 km long, covered parts of west—central and central Illinois.
All three scenes are 80 ta 90% snow-covered. Table 3 gives the results of
detailed evaluation of key attributes of quality and utility for the three
scenes.

Each scene is represented by 12 different photo images (positive £ilm
transparencies) from 12 different spectral bands. Bands 2, 4, 5, and 6
cover the visible reflective spectral region (0.45-0.74 um); bands 7, 8, 9, 10,
11, and 12 cover the near-infrared reflective spectral region (0.77-2.34 uym);
and band 13-1 (10.07-12.68 um) is in the middle~infrared emissive spectral
region. Precise left, center, and yight coordinates are printed on the
margins of the images to identify the latitudinal/longitudinal location of
the 1,000 scan-line near the lengthwise center of each image.

These images provide better spectral resolution, £rom more bands with
narrower spectral ranges and over a broader spectrum, than ever previously
~obtained from satellite multispectral scanners for earth-resource studies.
However, image quality is degraded by data~processing chatter noise,
semicirenlar scanner noise, and random scanmer-interruption lines.
Semicircular scamner noise varies from slight to severe in its degrading
effect, and is most severe in bands 11, 12 and 13-1 {performance problems
- in the 7-3 detector resulted in very poor signal-noise ratio at these long
wavelengths); in theze bands only the larger open-~water bodies and the
larger topographic features in highly dissected areas are discernible.

The images have poor sharpness of detail because of relatively coarse
pixel size and because of differential resolution--resclution along the scan
direction is poorer tham it is perpendicular to the scan direction. This is
because the distance for a detectable change is 1 to 2 pixels along the scan
direction and only 1 pixel perpendicular to the scan direction. ~As a resuli,
when the 5192 images are magnified more than 4 times the pixels appear fuzzy
with serrated edges, and those that contrast hlghly with adjacent ones show
severe blooming.

Poor data processing has produced images deficient in subtle gray-scale
differences. Photographieally, all the images are overexposed and too contrasty;
some are extremely so, with snow-covered areas appearing washed out: and w1thout
detail. Bands 3, 7, and 8 have the best (though only fair) gray-scale
discrimination and snowfcovered areas show shadows in places that reveal small
relief differences,

The usefulness of these images for geomorphic-geographic mapping is
limited by their poor spatial resolution, noise degradation, ubiquitous
snow cover (that conceals soils and surficial materlals), and clouds locally.
However, several bands have special attributes that somewhat enmhance their
utility: the IR bands (7 to 13-1) ail show the larger bodies of open water
much more distinctly than the bands in the visible region. Thelr spatial

Table 3 near here.
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TABLE3. EVALUATION CHART FOR SKYLAB S 192 MULTISPECTRAL SCANNER IMAGES (page 1

GMT

PASS/ORBIT NO.:

SPALE OF SCENE:

uisson: SLA
syster: S192 (MSS)
TRicK: D 8

FLIGHT SATE: HIU/74

81

START:

17:35% 19.5303"

DATA FOR THY 1000 SCAN TICK

GMT: £7:35" 29.96H9"

CO-ORDINATES (in direetion of f£light)

GNP STOP Jest'd): 17:35% 39,9808

ca. 1:800,000

LEFT:

CENTER:

Y

RIGHT:

N Lat. 39%289.4"

¥ Long.

95%47'16, 2"

N Lat, 19%'12.2"

Long. 95°36'8,2"

N Lat. 38%s0715.1"

% Long. 9572503

STATE COVERAGE AND ¥S¥ GEQGRAPHIC FEATURES:

The $W to NE flight path extends from 40.6 km SW of Topeka,

20.3 km NE of the Missouri River into NW Missouri. The Miss
extends fram near the south edge of St Joseph past Atchinson
Leavenworth to near Kansas City, The Kamsas River extends f
(at the south center edge of the srenc) to about 33 km west

Alluyial lowlands along the Missourl River are 3.2 to 9.5 kn
along the Kansas River, 3.4 to 4.8 km wide. Local relief is
in the highly dissected belts of bluffs that border both riy
attaining 75-90 m along the Missouri, but deereases upstrean
Kansas River to about 45 m west of Topeka., The uplands behd
bluffs are moderately dissected with well-integrared drainag
a few relatively level interfluve plateaus.

CLOLD COVER (%;: 15 UTILITY FOR MAPPING KEY GEOMORPHIC/GEOGRAPHIC C“ARACTERISTICSl i _
. ﬁ/' .

SHOW COVER (%): 90

IMAGE QUALITf Q&ﬁ GENERAL REMARKS
o BAND A=sharpnoss of |PERECTIBILITY oy individual bands:
3z detail i guality and utility
88 MSS SD0 lg.contrast and (minimum ;
il 1 speetral no. gray-scale dimension
i range discrimination| in meters)

=average (mean,

quallity ROADS _ _

2 A% 0-0.5 ) Severe scattering in this spectral range reduces contrast to
0.44-0.52 pm 18 | B= 0.5 ca. 35 a |0.5% 3-5 o 0.5 0.3 | and also degrades sharpness. Clouds cannot be discriminated
(blue-green} C= 0.4 . £ssentially useless for GG mapping. o

3 A= 1 Considerable duta-processing chatter noise perpendicular to

1 - - 1- - 0- flipht in NE half of scene. Poor pray-scale diserimination
- = . . . .7 B ” . :
0.49-0.58 p=n R - ea. 35 Vlis| %3 os)%? ¢ sharpness of detail. Clouds cannot be distinguished clearly
{green) c=10 ; :
I Very poor utility.
wi 4 a=1 Some data-processing chatter poise perpendicular to line of
§ g 0.53-0.61 pm- 3| B=1.5 ca. 30 1 i-S 0.5 gdi 0.5 0.7 Eé%ﬁ ?fiimage-cluuds not clearlv discrimfnated iron show .
e (yellow-green? “og=1.3 . . iscriminacion poor.
=
&
> 5 A=1 Pixel boundaries are very fuzzy; high-contrast ones commonly
" = . Q- blooming. Gray-scale discrimination and contrast are poor.
0.59-9.67 un 3B - ca. 33 0.5 11 0.5 5505 98| chadows cannot be discriminated from ground features. Open i
{orange ¢=1.0 . 3
as obvious as in IR bands. 3

6 A= 0-1 Gray-scale discrimination very poor (washed-out appearance);

0,64-0,75 pm 7| B=0.5 ca. 40 o lo.s] o g‘s Di5- 0.1 | details are gemerally obscurcd, except the larger urban areas]
‘red) C=0.8 .

A A=1.5 ] Best sband for image quality but utility for GG mapping is pg

" - _ . {05 gray-scale discrimination shows slight shadewing and enhance

0.75-0.9C jm 9]8=2 c=1.8 ca. 30 L.51 121 0-1) 0-147) 1.0 topographic detail in snow-covered uplands. Much data-proce

) noise along SE edge;semicircular scanner noise barely visibl

8 A= 1 Ground features very fumzyi rather poor gray-scale discrimid

0.90-1,08 pm| 19| B=1.5 ca. 35 1 'i_ﬁ 0.51 0~1/0.5 0.8 | semicircular scamner noise.
g=1.3 . :
— 9 A=l 1 Like above, exvept more scanner noise impairs identificatid
o - - ca. 35 1 - 0.5 0-1{0.5 0.8| ground features. Open water of main rivers {s Jdefined more;
EE 1. 1.00-1,24 pm) 20 B 1.3 c=1.3 . Sl . in the visible-region bands.
4 B =1. . ; i
PV . .
i o _ Poor sharpness of detail; bloeming effect and much scanner d
=4 10 ' A: L ca. 15 1 1 = o.5 o-1 0. 5+ p.g| definition of ground features. Fair discrimination of cloud
~ 1 1.10-1,35 pm| 17| BS1.5 1.3 1.5 H (poorer than bands 11-13). :
_ . Very poor contrast. Strong scanner noise (perhaps inherent i
11 A=0.5 > 35 0~ | Q- ol o-1 o 0.2 instrumentation related to smaller sipnal-noise ratio at lon
1.48-L.85 pm 11| B=0-1 0.5! 0.5 *7| lengths). Very poor definition of topographic detail {slight]
C=0.8 than band 12}. Open water is clearly defined. Good discrimin
clouds vs snaw.
L . o Very poor sharpness and contrast; only very gross tapograph
iz | A=0-0.5 > 15 ol o ol o-1 o 0.1] are.visibie; useless for GG mapping. Clouds are clearly di:
2,00-2,543 um 13) B=0-0.5 from spow; open water is very evident. Much semicircular’ s
6=0.5 probably due to the smaller signal-noise ratio at lopger wa
(%] E? ) _ Strong scannet noise; extremely peor contrast; no visible
Bed L 13-1 ) A=0 ca. 40 0 ol. ol o1l o o.1] features. (Thermal emissivity of snow-covercd tercain probi
g-a 10.20-12.50 pum 21| B=0-0.5 e . " " : 7] uniform). The omly features cleatly evident are open-~uater
= 8 ' c=90.3 thie Missouri and Kansas Rivers. Completely useless for Gf
FOOTNOTES Summary for this flight (all bands): Poor processing of the multispectral scanner digital data has res

lrpe 5 192 photo images contain
short tiek niarks every 100 scan-
lines and longer tiek marks every
1000 sgan-1ines. Only cne 1000
sean-line %igk appears in each
seene, near the cenier of the

All the IR bands afford good disc

topographic detail from shadowing.
.poor disgrimination.

images belng too contrasty and deficient in subtle gray-scale differences; also the pixels have fuzzy edges an
contrast highly with adjacent ones show severe bloaming.
" images:
cavered,

Small towns are not visible, nor‘are roads narrover than about 30 m.
The snow obscures 21l information on spils and surficial materials; also the combination of a relati
elevation angle and teo-centrasty images has latgely prevemted the accentuation of topegraphic detail tham can!
result of shadowing with a low sun-elevation angle and proper gray-scdle rendering.

Bands 11~12

Ground resplution is poorer than that of the betrer
This scene iIs-90% snow-cavered

Aands 2 and & show practil
afford pood discrimination between clouds and snow; the other
1m}na£}9n of the largcr free water bodies, notuab
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OF POOR QUALITY

VALUATION CHART FOR SKYLAB S92 MULTISPECTRAL SCANNER IMAGES (page 1 of 3)

$s)

51
19,4303"
;171357 39,9300

ca. 1:800,000

DATA FOR

GMT: 17:

THE 1000 scaN Trek!

35' 29.9%689"

CO-ORDINATES (in direction of flight)

LEFT: N Lat. 39°26%0.4"

W Long. 95%7't6.2"
CENTER: ¥ Lat. 39%g'12.0v

¥ Long. 95°38'a.2"
RIGHT: ¥ Lat. 38%50'15.1"

% Long. 95%25t3"

STATE COVERAGE AND KEY CGEOGRAPHIC FEATOURES:

The SY to NE £lipht path extends from 40,6 km SW of Topeka, Kapsas to
20,3 km NE of the Missouri River into NW Misspuri. The Missouri River
extends from near the south edge of St. Joseph past Atchinson and
Leavenworth to near Kansas City. The Kansas River extends from Lawrence
(at the south center edge of the scene) to about 35 km wet of Topeka.
Alluvial lowlands atong the Missouri River are 3.2 to 9.: u» wide, and
alonp the Kapsas River, 3.4 to 4.8 km wide. Local relief is greatest
in the highly dissected belts of bluffs chat border both rivers,
attaining 75-90 m along the Missouriybut decrcases upsErean along the
Kansas River to about 45 m west of Topeka. The uplands behind the
bluffs are moderately dissected with well-integrated drainege and only
a few relatlvely level interfluve plateaus.

15 UTILITY FOR MAPPING KEY GEOMORPHIC/QEOGRAPHIC GHARAGTERISTIGSJ
90
IMAGE QUALIXTY GENERAL REMARKS
A=sharpness of DETECTIBILITY, indi\.ridual bam%sg
detall gquality and utility
500 [p-cancrast and {mi nimum
no, gray-scale dimension
diserimination| in meters)
C=average (mean,
quallty ROADS
A% 0-0.5 Severe scattering in this spectral range reduces contrast to almost nil
pm |18 [B=0.5" ca. 35 o [o.s g" o 0.5 0.3 | and also degrades sharpness. Clouds camnot be diac:_-iminar.ed from snow.
n) c=0.4 -5 Essentially useless for GG mapping.
A=) Considerable data-processing chatter noise perpendicular to line of
lm 1]s8=1 ca. 35 1 1- 0.5 0~ 0.5 0.7 | flight in NE half of scene. Poor gray-scale discrimination causes poor
c= 1.0 1.5 0.5 sharpness of detail. Clouds cannot be distinguished clearly frem snow.
: Very poor otility. ] B
A= 1 Same data-processing chatter noise pérpendicular to line of flight on SE
L 3 | B= 1.5 ca. 10 1 i~ a.5 0~ 0.5 0.7 v@gv of image.c!nuds not clearly discrisminated from snow, Gray-scale
o g 1.3 1.5 0.5 discrimination poor.
- A=1 . Pixel boundaries are very fuzzy; high—cuntrasr'nnes commonly show
pm 5|B=t ca. 35 0.5f 1 | 0.5 - 0.5 0.6 blooming. Gray-scale discrimination and contrast are poor. Clood
c=1.0 .5 shadows cannot be discriminated from ground features., Open water is not
as obvious as in IR bands.
A< 0-1 Gray-scale discrimination very poor (washed-out appeaiance); terrain
m 7 | 8= 0.5 ca. 40 o {o0.5] o g‘s 0i5- u.3| details are generally obscured, except the larger urban areas. :
c=0.8 . .
AT 1.5 Bastgband fur Image quality but utility for GG mapping is poor. Fair
um glB=>2 ca. 30 1.5 1-2] o-1] o-1 0.5+ 1.g | Bray-scale discriminatien shows slight shadewing and enhanmcement of
: 0=1.8 1 topopraphic detail in snow-covered uplands. Much data-processing chatter
noise aleng SE edgejsemicircular scanmer noise bately visible.
A=l - ] . . Ground features very fuzzy; rather poor gray-acale discrimination; some
o 19| p=1.5 ca. 3% 1 1‘5 0.5 o-1t0.5 0.8 semicircular scanner noise. .
c=1.3 : .
A= - Like tbove, except more scanner noise  impairs identificotion of srene
i 20| B=1.5 £3. 4% 1 1.5 0.5} 0-1; 0.5 0.8¢ ground features. Open water of main rivers is defined more nie wwly than
) c=1.3 . . ] in the visible-region bands.
a=1 Poor sharpuess of detail; blooming effect and much scanner noise impair
17| B=1t.5 ca. 33 1| o es) -] 97 g.g{| definition of ground features. Fair discrimination of clouds from smow
Hm _ c=1.3 1.5 1 (poorer than bands 11-13).
A=0.5 Yery poor coptrast. Strong scammer noise (perhaps inherent in
= 0. > 35 0~ § O- ol o-1l o 0.2 instrumentation related to smaller signal-ticise racio at longer wave-
pm| 11| B=0-1 0.5{ 0.5 *“[ lengths). Very poor definition of topographic detail {slightly better
0=0.8 g?gadband %g) Open water 1s clearly defined. Good discrimination of
5 VS 500w,
_ - . - - Very peor-sharpness and contrast; only very gross topographic features
1 A: O-G.g > 35 o o ol o-1 o 0.1] are visible; useless for GG mapping. Clouds are clearly distinpguished
m 3| B=0-0. -0 from snow; open water is very evident. Much semicircular scanner noise,
¢=0.5 probably due to the smaller sipgnal-noise ratio at longer wavelengths.
a0 Strong scanper noise; extremely poor contrast; no visible landiorm
2 B ’ ) features.  (Thermal emissivicy of snow-covered terrain probably was neady
= (- ca, 40 .§ O 0 - . ! probab. . g
pm | 21{ B=0-0.5 n 0 0-1} 0 0.1 uniférm). The only features clearly evident are open-water reaches of -
£=0.3 ) the Missouri and Kansas Rivers. Completely useless for GG mapping.
NOTES Summary for this f£light (all bands): Poor processing of the multispectral scanner digital data has Tesulted in the

images contain-
s every 100 scan-
r tiek marks every

. Only one 1000
appears in each

e SPEPRPRY | S N, POV

images being too contrasty and deficient In subtle gray-scale differences; also the pixels have fuzzy edges and those that
contrast highly with adjacent pnes show severe bleoming.

images.
covered.

_topographi

e Qctail fram shadowing,

Bands 11~12

Small towns are not visible, nor aré roads narrower than about 30 m.
The snow obscures all information ovh soils and surficial materials; also the cembination of a relatively high sun-
elevation apgle and too-~contrasty imapes has largely prevented the accentuation of topographic detail than can occur as a

resilt of shadowing with a low sun-elevatijon anple and proper gray-scale rendering.
nffnrd guad disrr1m1nation between clouds and snow; the other bands, only

Ground reselution Ls poorer than that of the better Landsat-1
" This sceme is 907 snow-covered and 15% cloud-

Bands 2 and 6 show practically ne

- oamla T semaen s L o FEamra ety roar el tme  wmmbnl Ty Flimerre ) o



SHOW COVER (%.i: 90 X
IMAGE QUA.I.ITY‘ GENEHRAL REMARES
) BAND A=sharpness of |PELECTIBILITY individual bands:
=8 detatl quality and ntility
He M3S SDC |p_contrast and (minimm
i speotral no, gray-scale dimensien
Gam ranged discrimination| in meters)
C=average (mean;
quality ROADS
2 ) A% 0-0.5 Severe scattering in this spectral range reduces contrast
0.44-0.52 um 18 | B= 0'5’ ca. 33 o jo.s 0- o 0.5 0.3 | and alse deprades sharpness. Clouds canmot be discriming
(blue-~green) 0= 0.4 0.5 Essentlally useless for GG mapping.
3 A:- 1 Considerable data-processing chatter noise perpendicular
iI- 0- Filipht in NE half of scene. Poor gray-scale discrimimat!
- = . 0.5 0.7 ght in a B
0.?91'80{'21516)‘ K e £=1.0 ca. 33 ! 1.5 0.5 0.5 sharpness of detail. Clouds ecannot be distinpuished cle:

2 E i Very poor utility, ’
“ i 4 a=1 Some data-processing chatter noise perpendicular to line
Sg 0.53-0.61 pm 3 p=1.5 ca. 30 1 1- 0.5 0~ 0.5 0.7 edge of image.Clouds not clearlv discrininated trom snow,
g (yeliow green ) e=1.3 . 1.5 777 0.3 "1 diserimination poor.
> 2

H

~ 5 A=1 Fixel boundaries are very fuzzy; high-contrast ones commc

0.59-0,47 pm 5 =1 ca. 35 0.5 1 105 o- a.s 0.6 blooming. CGray-scale discrimination and contrast are poc

B oraﬁge) £=1.0 ) " Tl oaus| *7 | shadows caonor be discriminated from ground features, D
as obvious as in IR bands,

& A= 0=1 . Gray~scale discrimination very poor {washed-out appearanc

0.64-0.75 7| 5<0.5 ca. 40 o {o.5] o 0-5 0.5- 0.1] details are generally obscured, except the larger orban ai

frad) c=4.8 0.5 1

7 A= 1.5 Bestband for image quality but utility for GG mapping is

; ; - o | 0,5 gray-scale discrimination shows slight shadowing and enh:

750 = . 30 1.5 1~ - - . . : .

0.75-0.90 ym 9| B=2 c=1.8 e 1-21 0-1) 0-1 1 L.o topographic detail in snow-~covered uplands., Wuch data-pr

" noise along SE edgejsemicircular scanner noise barely vis

g A= 1 Ground features very fuzzy; rather poor gray-scale discri

0.90"1;08 pm 19 Bu 1_5 ca. 35 1 i 0.5 0-1'0.5 0.8 semicircular scanner noise. :

' . ' g=1.3 1.5 _ . |

— 9 A=1 1 Like ahove, except more scanner neise impairs ident ifiu'

Q B - "

e _ = ca. 35 1 0.5t 0-110.5 0.8 ground features. Qpen water of main rivers is defined rn:
= 1.00-1.24 p= 0] B=1.5 £=1.3 1.5 in the visible-region bands. ,
%8 — : - 5‘
g%ﬂ 10 A=1 L 5 Poor sharpness of detall blocming effect and much scannt

- . - 0.5+ definition of ground features, Fair discrimination of c]
= ~ - ea. 35 1 0.5] 0-1 o.gf ¢eiinl & rimin

~ 1.10-1.35 pm| 17 B=L.5 o=1.3 1.5 1 (poorer than bands 11-13). ‘

- . _ ) . Very puor contrast. Strong scamnner noigse (perhaps inhere
11 A7 0.5 > 15 0- § 0- ol 0-1 o 0.2 instrumentation related to smaller signal-noise ratio atrg
1.48-1,.85 pm 11 ] B=0-1 0.5} 0.5 v<] lengths). Very punr definition of topographic derail (sli!
£=0.8 than band 12). Open water is clearly defined. (oud discri

clouds vs snow,

Very poor sharpness and contrast; only very pross LOpogT

. 12 A=0-0.5 s 35 0 0 el o o g.1] are visible; useless for GG mapping. Clouds are clearly
2'00'2'43 wm 13} B= 0‘_0-5 ’ - ’ from snow; open water is very evident. Much semicirculal

€=0.5 probably due to the smaller signal-neize ratio at longer

B /“; 13-1 . 0 Strong scantter noise; extremely poor contrast; no visid

-y - = a .
a0 - . features. (Thermal emissivity of sonow-coveraed terrain p
g"‘.ﬂ_ 10.20-12,50 um _ 21| B=0-0.5 ca. 40 u 0 0po-1; 0 0.1 uniform). The only Eepatures clearly evident are upen—-waé
= 5 ’ G=0.3 ) ] the Missouri and Kansas Rivers. Completely useless for

FOOTHOTES Summary for this flight (all bands}: Poor processing of the multispectral scanner digital data has |

. images being too contrasty and deficient in subtle pray-scale differences; also the pixels have furzzy cdges

1 . < contrast highly with adjacent ones show severe blooming. CGround resoluriom is poorer than that of the betg
ggir'sh _izikpﬁgjgslgiggs ig%‘t‘;‘;nn_ images, Small towns are not visgible, nor are roads narrower than about 30 m. This scene is 907 snow-coven

Tines and lomper tic.‘:ﬂym"rk 81= .1 covered, Tiie &now obscures all informaticn on seils and surficinl materials; also. the cembination of a rell

1000 Gan-ling onl o; .ioggery elevation angle and too-contrasty images has largely prevented the accentuation of tapographic detail than

n—?.ine t3 ks. ¥ ig h result of shadowing with a low sum-elevation angle and proper gray-scale tendering. Bands 2 and 6 show prd

Se:ne near iheazleleirs e igg topographic detail from shadowing. Bands 11~12 " afford pood discrimimation between clouds and snow; the ay

gerd Og' th enn er o - poor discriminatfon. All the IR bands afford good discrimination of the larger ice-free warer bodius, notd
2 order & feens. the Missouri and Kansas Rivers.

Humerieal rating system for image Semicireular electronic scanner noise is present in all bands, and is so pronounced in bamds -11-13 tha

quality and wtility for but the grosser features. Data-prucessing chatter nolse {vertical lines) is present in bands 3, 4, and 7.-

geomorphic-geographic mapping? bands 3, 4, 5, 7, 8, 9, and 10 arc approximately equal in quallty. Band 7 is the best band in the group, hj

0 = none (mnii); 1 = poor; utilicy of all bands for GG mapping is poor; bands 2, 6, and 11-13 are useless or neatly nseless. i

2 = fair; 3 = good; 4 = execellent i

Comparizon with Skrlab phetosraphs: No 51904 multispectral photos were received for this flight]
ABBREVIATIONS color photos. . Although the unenlarped 51908 photos are somewhat grainy and aver-exposed {resulting in de
_ . . sharpress and contrast), théey show much more topographic detail than even the best band (7) of 5192 .  Roa
g?ﬂ‘ - gi;ggﬁgg;c;giggziﬁglc about 10 i can be distinguished on the photes, as well as stercorelief of somewhat less tham 19 m. j
IR = infrared o S : : . _ : %
M35 = multispeciral scanmmer Comparison with Landsat-1 MBS images: Landsat-] snew-covered scenes of northeastern Kansas (bands-3 and
SpO = seientific dasita cuitput 16340, Dec. 17, 19723 1201-16341, Feb. 9, 1973; and 1202-16395, Feb. 10, 1973) were used for comparisonm wi
prt = mierometer imapges. All the Landsat-l images are superior in gray-scale discrimination, although rather pour in cont
show topographic detalls more clearly (sueh as wvalley-lowland boundaries, lecal velief of uplands, meander,
lakes); also, small towns are visible and details of fileld patterns and bpundaries are much clearer; roads]
10-15 m can he distinguished on the Landsat-1. images (vs ea. 30 m in band .7 of 192 ). .
3ee Table 5 for revised spectral yanges,

LpOUL FRAME.D




IMAGE QUALITY GENERAL REMARKS
A=sharpness of |PEFECTIBILITY individual bands:
detall quality and utility
8D0 |gacontrast and | (minimum
no. gray-scale dimension
diserimination| in meters)
C=average {(mcan.
quality ROADS
A= 0=0.5 Severe scattering in this spectral range reduces contrast to almest nil
I R o o los g-s o lo.s 0.3 | and also degrades sharpness. Clouds carnot be discriminated from snow.
) C=40.4 * Essentially useless for GG mapping.
A= 1 Considerable data-processing chatter noise perpendicular to iine of
- 1]8=1 ea. 35 1 1- 0.5 0- 0.5 p.7| flight in NE half of scene. Poor pray-scale discrimination causes poor
c=1.0 ' 1.5 ¢.5 sharpness of detail, Clouds capnot be distinguished clearly from snow. |
Very poor utility. B
A=l ' Some data-processing chatter noise perpendicular to line of flight on SE )
m 3| B= 1.5 ca. 30 1 1- 0.5 0- 0.5 0.7 | ©i8e (:'f inmséu-ulmnls wot cleariv discriminated from stow, Gray-scale ’
n! ¢=1.3 1.5 0.5 digseriminat ion poor. |
!
A=l ' . Pixel boundaries are very fuzzy; high-contrast ones commonly show |
m 5] pe1 ca. 35 0.5 1 0.5 0- 0.5 0.6 blooming. Gray-scale d{sr.rimination and contrast are poor. Claud
c=1.0 0.3 shadows cannot be discriminated from ground features. Open water is not
as obvious as in IR bands,
A= 0-1 Gray~scale discrimination very poor (washed-out appearance); terrain
m 7 = 0.5 ca. 40 0 !0.3} 0 g-S 0i5" 0.3 | details are generally cbscured, except the larger urban areas,
£=0.8 : ' ' '
A= 1.5 ) Best band for image quality but uiility for GG mapping is poor. Fair
m 9| 3= 2' ca. 30 1.5] 1-21 0-1| o-1 0,5~ 1.0 | Bray-scale discrimination siiows slight shadowing and enhancement of
C=1.8 1 ’ topographic detail in snow-covered uplands., Much data-processing chatter
noise along SE edge;semicir;ular scanper noise barely visible,
A=l Ground features very fuzzyj rather poor pray-scale discrimination; some
ml 19] B=1.5 ca. 35 1 }.WS 0.5 a-1}0.5 0.8] semicircular scanner noise.
g=1.3 : :
A= 1 1 Like gk.ve, except more scanmer noise impairs identification of some
m 20] B=1.5 ca. 35 1 1—5 0.5; 0-1| 0.5 0.8 srouunu reatures, Open water of main rivers is defined more clearly than
7 oe=1.3 7 . in the visible-region bands.
=1 Poor sharpness of detall; blooming effect and much scanmer noise fmpair
7 %:1 5 ca. 15 1} .5 o-t 0. 5 g.g] definition of ground features. Fair discrimination of clouds {rom snow
Hm 7| B ¢+1.3 1.5 1 | (poorer than bands 11-13).
_ Very poor contrast. Strong scanner noise (perhaps inherent in j
A=0.5 > 15 0- | 0- ol g-1 o 0.2 instrumentation related vo smaller signal-noise ratio at longer waves
o 11| B=0-1 . 0.5} 0.5 ] *“] lengths). Very poor definitlon of topographic detail (slightly better
c=0.8 ) . . - than band 12). Dpen water is L}.early defined. Good discrimination of
. i clouds vs snow.
_ Very poor sharpness and contrast; only very gross Lopographzc features
1 A-_‘_ g"g‘g ' > 15 0 o ¢l o= o ¢.1{ are visible; uscless for GG mapping. Clouds are clearly distinguished
m 3{ B=0-0. _ from snow; open water 1s very evident. Much semicircular scamnner noise,
) c=0.5 . : . probably due to the smaller signal-noise ratio at longer wavelengths.
_ Strong scanmer noise; extremely poor contrast; no visibie fanafiorm
A: 0 ca. 40 o 0 ol o] o a1 features, (Thermal emissivity of snow-covered terrain prebably was neardy
m - 211 B= 0'0-5_ ) " uniform). .The only features clearly evident are open-~water reaches of
6=0.3 the Missouri and Kansas Rivers., Completely useless for GG mapping.
{OTES ~ 7 | Summary for this flight {all bands): poor processing of the multispeceral scanner digital data has resulted in the

images being too contrasty and deficient in subtle gray-scale differences; also the pixels have fuzzy edges and those that
contrast highly with adjacent ones show severc blooming. Ground resolution is pogrer than that of the better Landsar-1
images. Small towns are not visible, nor are roads narrower than about 30 m, This scere is 80% snow-covered and 15% cloud-
covered. The snow obscures all information on soils and surficial materialsi also the combination of a relatively high sun-
.elevation angle and teoo-contrasty images has largely prevented the accentuation of topographic detail than can occur as a
result’ of shadowing with a low sun~elevation angle amé proper gray-scale vendering. Bands 2 and 6 show practically no
toapographic detail from shadowing. Bands 11-12 afford good discrimination betweem ¢louds and snow; the other bands, only
poor discrimination. All the IR bands afford good disvrimination of the larper ice-free water bodies, notably those along

images eontain

5 eyery 100 scan-
¢ tiek merks every
., Unly one 1000
1ppears in esch
center of the

rene. the Missouri and Kansas Rivers.

r gystem for image Semicircular electronic seanner noise is present in all bands, and is so pronounced in bands 11-13-that it ohscures. all
Lity for - but the grosser features. Bata-processing chatter neise (vertical lines) is present in bands 3, 4, and 7. The images from
raphie mapplng‘. bands 3; 4, 5,7, 8, 9, and 10 are approximately equal in quality. Band 7 is the best band in the group, but.the general

1 = poor; utility of all bands for GG mapping is poor; bands 2, 6, and 11-13 are useless or pearly useless.

sod) 4 5 exeellent,

-Comparison with Sk:lab photosraphs: No 5190A multispectral photos were veceived Jor this flight, enly $1908

TATIQHS color photos. Although the unenlarged SHI0B . photos are somewhat grainy and over-exposed (résulting in degradation of
. o-geographic sharpness and contrast), they show much more topographic detail than even the best band (7' of 5192 . Roads 2s narrow as

about 10 m can be distinguished on the photos, as well as stereorelief of somewhae less than 15 m.
1 mean Yime ]

rtral seanner Comparison with Landsat-] MSS images: Landsat=]l snow-covered scenes of portheasterp Kansas (bands 5 and 6 of frames 1147-

ic dota cutput 16340, Dec. 17, 1972; 1201-16341, Feb. 9, 1973; and 1202-16395, Feb. 10, 1973) were uved for:compariscn with the 5192
s ‘images. All the Landsat-1l images are superior in gray-scale discriminatiom, although rather poor- in contrast; they also:

show topugraphic details more clearly {(such as valley-lowland boundaries, lecal relief of uplands, meander scars and oxbow
lakes); also, small towns are visible and details of field patterns and boundaries are much ¢leareri roads as sarrow as
10-15 m can be dxstlnguished on the Landsat-l image.s (vs ca. 30 m in band 7 of 8192 ).

BSe.e Table 5 Lor r‘ewsed spec:trai ranges’
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TABLE3. EVALUATION CHART FOR SKYLAB S92 MULTISPECTRAL SCANNER IMAGES (page 2

missron: SL4 DATA FOR THE 1000 SCAN TTCK STATE COVERAGT AND KEY GEOGRAPHIC FEATURES:
SYSTEM: 8192 (MSS) GMT: 16:52' 56.9868" The SW to NE flight path extends from 6 ko SW of Noew Flored
to 5.7 km NE of Carrollton, [lliwois, The Illinols fiiver a
TRACK: 1 CO-ORDINATES (in direction of flight) 8.8 km north of Montezuma, 111, to its confluence with the
' : ‘River at the south edpe of the image. The Mississippi Riv_é
FLIGHT DATE: 1/12/74 LEFT: N Lat. 39°25'6" to within 2 km of Louisiana, Mo. on the north. The HMiusouri
W Long.‘JlOS'Zl" the SW part of the scene for 13.5 kn. #Alluvial lowlands all
PASS/ORBIT NO.; 82 Illineis River are 4.5 km to &,% km wide, alonp the Mississg
CENTER: N Lat,. 39“7'33" 6 km te 10 km wide, and along the Misscuri River 3.7 km to
OMT STAHT: 16:52' 46,4482" : W Tong. 90°53'17.6" Highly dissected zomnes border these rivers, with local relf
Y -4
130 m along the Misscurl, and 90 m {on the north) to 105 m
GMT STOP (eat'd): 16:53" 2.9938" RIGHT: N Lat. 3301‘9'50" along the T!linois and Mississippi Rivers, Uplands behind
W Long. 90°42'9.1" are moderately dissected with well-integrated drainage, exe
SCALE OF SCENE: ca. 1:800,000 several wide, relatively level Intevfluve plateaus, both eas
" the Migsissippi.
CLOUD COVER (%): 1 (thin clouds near Mississippi UTILITY FOR MAPPING KEY GEOMORPHIC/GEOGRAPHIC GHARACTERISTIOS pe
River near NW edge of scene) ]
SHOW COVER (%)}: a0
2
IMAGE QUALITY QENERAL REMARKS
BAND - e |DELECTIBILITY] individual bands:
iz A=sharpaess of quality and wtility
t,“% MBS 800 |p.contrast and {minimum
W nf spectral no. gray-scale dimension
g range? discrimination| in meters)
C=average (mecan;
quaticy ROADS
3 A= 0.5-1 Poor cloud-snow discrimination. Thin vlouds near center of]
- b . _ - _110.5- edge blur ground detafl. Much loss of contrast and sharpne
?{éﬁ ?.f‘gewsl 18 1B O'S"Ib',._? 0.9 ea. 30 0-1]0-1]0-1) 01 1 0.6 because of scattering. Over-exposed and washed-out In snows
e7E ° Nearly useless for GG mapping. ) 5
A= 1.5 Fair gray-scale discrimination and urilify for 86 mapping., 1
g 0 56 pm 1 |B=1.5-2 ca. 25 1-2 | 1-2 0. 5| 0-1] 1 1.1 semicircular scanner—interruption lipes. ' ’
?green) ¢c< 1.6 1.5 |
0 1
"9 4 A=1.5 Field patterns and other features on the [llinois and Missic
a6 1. : 0.5- 1luvial lowlands are fairly well defined. Quality zmd util
@ u =1~ . 25 1-2 | 1-2 0.511 1.1 |2 ¥ med. 1ty
Efn (D -i-?_ 0.61 I-Wl) 3 [p=1-2 ¢=1.5 ca 1.5 band are comparable with bands 7, 8, and 9. Several semiciJ
2% ye row-green ' intervuption lines. ;
H - ‘
~ 5 A=1.5 Somewhat overexposed, OGray-scale discrimination is falr in;
0.59-0.6% pm 5 B=0.5-2 | ea. 3 0.5~ [ ) 0.5+ 0.5 1 1.p jareas but very poor in snowy arcas. Semicircular scanner-is
: (org_ngeJ T = 1 ' 2 1.5 lines present. : R
6 4=0.5-1 b.s Severely overexposed-and too contrasty. Gray-scale disc:imi
0,64-0.75 um. 7 | B=0.5-1.5 ca. 35 0-1 {D-1 |0-1i0.5 i B 0.6 |{washed-out) in snow~covered arcas. 3
: (red; o gz 0.9 i
T A=1.5 . Poor to fair ventrasr, gray-—scale discriminatinn. and uti’l 1
0.5+ 0.5+ 0.5
0.75-0,9C um 9| B=1-2 ca. 25 1-2 | 1-2 1'5 1 l 1.1 |mapping. Open-water discrimination better than in visible
: c= 1.5 N Several prominent semicircular scanmer-interruption lines.
8 ' A=1.5 : 0.5 0.5 * {Poor to Eair gray-scale discriﬁlinatiou.- Qpen water of the
0,90-1,08 pm 19| B=1-2 ca. 25 1-2 | 1-2 1'5 1 1 1.2 | stands out berter than in the visible spectral range.
N ¢=1.5 " :
- . 9 : As1.5 : . g @ray-scale digcrimination poor te fair. Good penetration o
5 2.00-1.24 pm| 20 BS1-2 ca. 23 -2 |1ez] 1 {85 1 | 1.2 |clouds improves discrimination of terrain detail in the clo
53 g=1,5 1 One very prominent semicircelar geanner-interruption line.
-8 dnrkening in SW corner probably related to semicircelar scal
§§ 10 A=l-1.5 6.5 o.54° Gray-scale discrimination and centrast is poor to falr. Utg
X 1,10-1,35 17 | p=l-2 ca. 30 -2 |1-2] 1 L : 1 1.1 |mapping nearly same as band B and 9. [Mstinct sewicircular
o . ' pm ' cpg=1.4 S b ' « Javer e:'ttire PRpes .'n.f ﬁmqlans dark«._‘nim! ia' BW cornet. ;
Poor gray-scale discrimipation. Some tcpcurnp'\it et i g
11 A=0.5 [ S 5 dissected areas. Open water very clearly defim_. Qusi FLy &
1.48-1.85 wm| 11| B=0.5-1 ca. 30 0-1 =1 o5 0 0. than band 12 but nearly useless for GG mapping. Stronp S
c= 0.6 scanner neise {probably related to smaller qz;vnahnuisc r4
: : : - | longer wavelength.}
' ' _ ’ ) : ‘| Very poor contrast amd sharpness of detail. t few .mpograpl
12 _.A.:D—O.S ca. 15 - \0" 0- 1 0 0.4 |ore <een in the highly dissected areas. Open watcr nat as g
2,00~2,43 pm 13| B=0.5 0.5)6.510.5 i 58 in band 11, Verv stropg scanner nofse, simﬂar'z
c= 0.4 Useless for GG mapping. :
L . d
w T . . B : . : . . : Very strong semicircuylar scanner nolse; MW half oF
'c';zm‘a _ 13-1 . . A=0 " ) i ) B than SU half. Very poor gray-scale. discrimination. '115, u\_‘f
a-m |10,20~12,50 um 21| B=0-0.5 ca. 35 0 0 g -2 o 0.3 |bluffs along the 1llincis, Mississippl and Missouri Rivgrsij
B g=0.1 : visible. Larpger open-wiater bodies are as distinct as ic b
A2 Liselews for GG mapping. 1
FOOTNOTES Summary for this fliehi (all bands): Poor processing has resulted in imoges deficient in subcle gr;ly‘1

) ) o differences. At more tnan 4% magnification, pixels begin to fuze and show serrated edges and those that co
1 S . with adjacent ones show severe blooming. For this reason, gpatial resclution is somewhat podrer than the be
TEE 2 t?zkpho'hg images fg’é‘bal'ﬂ images; however, on the sharper 5192 images, small towns are visible and roads as marrow as 25 m. The BOZ-
?.:‘.are lg 1mar s i?eiy % scan~ ohscures Information on soils and sarficial materials. In the bands with betier gray-scale discrimination,
nes an onger tieX marks eVery| igpooraphic featurés show by shadowing, even thouph the sun-elevation angle is relatively high. Thin cloud

1000 sean-lines. Only ome 1000 Mississippi River near NW edge of the scene blurs ground features in the shorter wavelemgth bands, especiall
5937}'11115. tisk appears in each ‘the IR baunds penetrate haze and thin clouds well, and also affprd sharf diserimination of ‘the larper ice-free
scene, near the center of the such as thaose along the Illinois, Mississippi, and Missouri Rivers. Random semicircular scanner-interzuplion
border of the.seene. present im all bands, Scanner noise is evident over part or all of bands 3-13 and is so strong in bands 11-

S Weass a8 L 0 —— T Y e a———— N |

.. .




.VALUATION CHART FOR SKYLAB S 192 MULTISPECTRAL SCANNER [MAGES (page 2 of 3)

DATA FOR THE 1000 SCAK TICKI STATE COVERAGE AND KEY GEOGRAPHI{ FEATURES:
ISS) OMT: 16:52' 56.9868" The SW to NE flight palzih n:nttlzllulisz Einm bTi'.ru ??1? ilcwl[flureni:,n!:imf;c;u;i
te 3,7 km NE of Carroilton, neis. e nois River extends fru
CO-ORDINATES (ir direction of flight) B.8 km north of Montezuma, I1!1. to its confluence with the Mississippi
River at the south edge of the image. The Mississippil River reaches
12/ 74 LEFT: ¥ Lat. 3993516 to within 2 km of Louistana, Mo. ot the north. The MMissouri River orosges 3
¥ Long.91°5'21" the SW part of the scene for 13.5 km. Alluvial lowlamds along the .
82 Illinois River arc 4.5 km to 6.3 km wide, along the Misslssippi River, 4
CENTER: N Lat. 39%7'28" 6 km to 10 km wide, and along the Missouri River 5.7 km to 7.3 ko wide.
' 46, 44B82" % Long. 90°53'17.6" Highly dissected zones border these rivers, with local relief of abaut
B
130 m along the Missourf, and 90 m {on the north) to 105 m (op the soath)
s 16:53' 2,9933" RIGHT: N Lat. 38°49's50" along the Illinois and Mississippi Rivers. Uplands behind the bluffs
W Lonse, g0p°42'g,1" are moderately dissected with well-integrated drainage, except for
ca. 1:800,000 several wide,relatively level interfluve plateaus, both cast and west of
- - - the Mississippi.
1 (thin clouds near Mississippi UTILITY FOR MAPPING KEY GEOMORPHIC/GEOCRAPHIC CHAHACTERISTICSI
River near NW edge of scenc) =
al
B0 g
("
(3
i
- - “r.: Q e-(- )
TMAGE QUALITY] - & s 37‘. QZNERAL REMARKS
A—shatpress of |PELECTIBILITY S LAY & individual bands:
haaen 9."?\,‘ &/ S e o quality and utility
SDO {g-contrast_and {minioum GBI A °o°,;'r° & o
no, kray-scale dimension é LY, o{’b No*? é’re;\,“ &> &
discrimination| in meters) ‘;,0 eV e /A e‘:‘,, W &
Cwaverage {(mean) X (‘b é.,P 421‘} / ..} “‘g“eb_ .Qe? 4@5"
auality ROADS FNF S LS 3
A ) ) . L _ Poor cloud=snow discriminntion. Thin clouds near center of northern
M 18 | B= 3'3:‘}: ca. 30 0-1}0-1]0-1] 01 0.5= 0.6 edge blur ground. dc_:tail.' Huch loss of contrast and sharpress of detail
\ . — 3 because of scattering. Over~exposed and washed-out in snow-covered arens ,
o/ ¢= 0.9 p 1
Nearly useless for GG mappisg. b
A= 1.5 Falr gray-scale discriminazfon and utility for GG mapping. Some. randon 1
m 1]p= 1'5_., ca. 75 1-2 | 1-2 0.5 0-1! 1 1.1 | semicircular seanner—interruption lines. |
R ' 1.5 ) - J
: c=1.6 : \
J
A= 1.5 Field patterns and other features on the Illinois and Mississippt River :‘Li
B= 1;2 ca, 25 1=2 | 1-2 %3 0.5 1 1.1 |#llevial lowlands are fairly well defined. Quality and utility of this |
al 3 - - 1.3 band are comparable with bands 7, 8, and 9. Several semicircular scannew
an ) gs1.5 4
4 ) interruption lines. : -‘-
A=1.5 Somewhat overexposed., Gray-scale discrimination is fair in sneow-free i
jm 5 B‘O‘E 3 ea. 25° 0.5~ 0=2 0.5+ 0.511 1.0 |areas but very poor in snowy areas. Semicircular scamner-interruption :
T e 2 1.5 "7 |lines present. "
C=1.4 ! i
..A.=0.5—1 ) “fo.5 Severely dverexpused anr.f tac contrasty. Gray-scale discrimination poor 1‘
um 7 | B=0,5-1.5 ca. 35 0-1 |0-1 |0-1]0.5 l - 0.6 | {washed-out) in snow-covered areas.
c=0.9
4=1.5 . . 0.54 0.5 0.5 Poor to fair contrast, pray-scale discrimination, and utility for GG
jtm 9| B=1-2 . ca. 25 fl1-2 |31-2 1'5 i 1 1.1 [mapping. Open-water diserimination better than in visible bands,
= 1.5 - Several prominent semicircular scanner-interruption lines.
A=1.3 Q.54 0.5 Poor to fair pray-scale discrimination. Open water of the major rivers
jim 19 | B=1-2 ca, 25 i-2 | 1-2 1'5 i 1 1.2 | stands out better thapn in the visible spectral range. o
. . ¢c= 1.5 . . s : . . :
A=) .5 Gray-scale discrimination poor to falr. Good penetration of haze and
pm 20 B=‘1L2 ca. 25 -2 b1zl 1 [0S 1,2 Jclouds improves discrimination of terrain detail in the clouded areas.
c=1.5 1 One very prominent semicircular scanner-interruption line. Anomalous
. darkening in S¥W corner prabably. related to semicirculaf scanner noise..
A‘:l-l 5 ' 0.5 o 5_ Gray-scale discriminarion and contrast is poor to fair. Ucility for 6
; 17 le-z' ca. 30 1-2 |1-2 ] 1 Ml T 1.1 {mapping nearly same¢ as band 8 and 9. Distinct semicireular scanner nolse
a . o= 1.4 ! l over entire image; anomdlous darkening in SW corner. : .
j ) Poor gray-scale dlserimination. -Some topographic detail visible in highly
. A470.5 . D= ) 0.6 dissected areas. -Open water very clearly defined. Quality somiwhat better
um | 11| B=0.5-1 . ca, 30 0-1 | 0-1 0.5 -2] 0 +6 | than band 1.2 bx(xt ngag%y usiiess far GGlr{mpping. Stronpg semicircular
- - scanner noisa (probably related to smaller signal-nolse ratio at this
€= 0.6 . lonper wavelength.) ' ° this
Very poor contrast and sharpness of detail. A few topographic features
420-0.5 ca. 35 0~} 0~} oO- 14 o 0.4 |are seen in the highly dissected areas, OQpen water not as clearly )
um - 13.] B=0.3 R 0.50:5]0.5] ’ " |defined as in band 11. Very strong scamner noise, similar o bands 11
) C=0.4 and 13-1. Useless for GG mapping, ‘
Very strong semicircular scanner nuise: Nw haif of image is much darket
A=0 than SE half. Very poor gray-scale discrimination. Hipghly dissccted
an| 21| p=0-0.5 ca. 33 0 0 0 |1-2 0 0.3 |bluffs along the I1linois, Mississippi and Missour! Rivers are Faintly
. Ny c=0.1 | - ) : . : visible, larger open-water bodies are as distinet as in hand 11.
. : - - ) Useless for GG mapping. . s S - . :
{OTES Summary for this flight (all bands): Poor processing has resulted in images deficient in subtle gray-scale

differences, At more than 4X wagnification, pixels begin to fuzz and show serrated edges and those that.contrast highly
with adjacent omes show severe blooming. For this reason, spatial resolution is somewhat paerer than the better Landsat-l
images; however, on the sharper 5192 images, small towns are visible and roads as narrew as 25 a. | The 80% snow cover
obseures information on soils and surficial materials. In the bands with betier. gray-scale discriminaticn; some Subtle

: topographic features show by shadewing, even though the sun-elevation angle is relatively high. Thin cloud cover near the
. Oaly one 1000 Mississippi River near NW edge of the scene blurs pround features in the shorter wavelength bands, especjally band 2. All
ppears in eaeh the IR bands penetrate haze and thin clouds well, and aléo afford sharP discrimination of the larper ice—free water bodies,
center of the such as those along the Illineis, Mississippi, and Missouri Rivers. Random semicircular scanner-interruption lines arc
ZETIE . pregent in all bands. Scanner neise is evident over part or all.of. bands 9=13.and is so. streog ip bands.ll-13 as Lo obscursl....... ...

images contain
;. every 100 sean- -
+ tiek marks every




FOOTHNOTES

Ithe § 192 Photo images econtain
ghort tick marks every 100 scan-
Lines .and longer tick marks every
1000 sgan-lines. Only one 1000
sgan~-line tigk appears in each
scene, neaxr the center of the
border of the sgcene.

2¥unerieal vating system for image
guality and utility for )
geomorphic-geographic meppings

0 = none (nil); 1 = poor;

B

1
2 b
IMAGE QUALITY GENEHRAL REMARES
BAND A DETECTIBILITY individuzl bands:
ég A‘ﬁﬂiﬁ‘i‘f"“ of quality and utility
g M3s 800 |g-contrast and (minimum
1 13 speatral no. gray-scale dimension
he range? diserimination]| in meters)
Cmaverage (mean)
quallty ROADS
2 A= 501 Poor eloud-snow discriminaticn. Thin clouds near center o
_ U 0, 5= edge blur ground detail, HMuch loss of contrast and sharpa
A4=0. = - . 30 0-1]0-1]0=~ - J.6 ;
?bﬁe? igei}!} 18 | B=0.5 l.c=5 0.9 e t 1ot 1 d because of scattering., Over~esposed and washed-out in sno
g . Nearly useless for GC mapping. :
3 “{a=1.5 . ) Fair pray-scale discrimipation and utility for G6 napping.
3" 0,5 semicircular scanner-interruption lines
0.49-0,56 um 1 | B=1.5-2 ca. 25 1-2 f1-2] 0 0-11 2 1.1 Fose erruption lines.
{(green} c=1.6
0
33 4 A= 1.5 5 Fleld patterns anu other features op the Illinois and Miss
s . _ 0.5+ o« 1luvial lowlands are fairly well defined, Quality and o
8¢ - = 1- ca. 25 1-2 |12 0.551 1,1 |3l y W ed. v an
e (Oéiiog:ﬁiegﬂ‘ L c=1.5 1.5 ’ band ars: comparable with bands 7, 8, and Y. Several semiv.
H b4 B / . interruption lines.
H
~ 5 A21.5 Somewhat overexppsed. Gray-scale discrimination is falr is
0.59-0,67 um 5 B’=0..5~2 ca, 25 05192 |93 0,51 1.0 }areas but very poor in snowy arcas. Semiclrcular scanner~
orange ) 0= 1.4 2 1.5 lines present.
[ A4=0.5-1 0.5 Severely overcipoesed and too cuntfas;ty. Gray-scale discri
0.64-0.75 um 7 | 3=0.5-1.5 ca. 35 0-1 {0~1 {0-1}D.5 1 - 0.6 | (washed-out) it snow-cavered arcas,
fred) = 0.9
7 A=1.5 . : ) 0.5d 0.54 0.5 . jPoor to fair contrast, graynacale discriminatisa, and util
0.75-0,9C um 9 | B=1-2 ca., 25 1-2 11-2 1'5 1 ]. 1.1 |mapping., Ogen-water discrimination becter tiin in visible
: c= 1.5 ’ Several prominent semicircular scanrper-interruntion lines.
. #
a A=1.5 .54 0.5 Poor to fair gray-scale diserimination. Open water of the
0,90-1,08 pm | 19| B=1-2 ca, 25 1-2 §1-2 1°5 1 1 1.2 | stands out better than.in the visible spectral range.
: = 1.5 .
-~ 9 A=1.5 Gray-scale discriminatior. poor to fair., OCood penetration
8 1.00-1,24 pum 20 B=1:2 ca. 25 te2 a2 ]y J0.54 1.2 |clouds improves discrimination of terrainm detail in the ol
ﬁ'ﬂ . g= 1.5 : 1 ’ One very prominent semfcir:elar scanner-iptorrupt£nn line.
uég _ Ndarkening in SW corner probably related to semicircular s
) gg 10 A=1-1.5 0.5 0.5 {Gray-scale discrimination and contrast i:s poor to f_air. il
& 1,10-1.35 17| B=t-2 ca. 30 1-2 ]1-2] 1 i 1 1.1 |mapping nearly same as band 8 and 9. Distinet semicircula
* . Hm o= 1.4 over entire image; anomalous darkening in SW corner, ;
j Poor gray-scale discrimination. Some topographic detail vi
11 AR0.5 0~ 6 dissected areas, Open water very clearly defined. Quality .
1,48-1.85 pum| 11( B=0.3-1 ca. 30 0-1:0-1f,.11-2) O 0.6 { than band 12 but nearly useless for GG mapping. Strong se
C= 0.6 seanner noise (probably related to smaller sipnal-noise ra
N longer wavelenpth.) : !
MU _ Very poor confrast and sitarpness of detail, & f{ew topograj
12 ; AS0-0.5 ‘ca. 35 O—p 0-3 0-1 o 0.4 |are seen in the highly dissected areas. Open water not as
2.00-2,43 um{ 13| B=0.5 . 0.5 ]0.5{0.5 defined as in band 11. Very stromg scanner noise, similari
c=0.4 and 13-1., Useless for GG mapping. ;
@ ’g? Very strong semicircular scanner noise; NW half of image §
gn:'?n‘ 13-1 A=D than SE half. Very poor gray-scale discrimination. Hiphly |
Smw {10,20-12,50 pm| 21} B=0-0.5 ca. 35 a o | 0412 0 0.3 Ibluffs along the Illincis, Mississippi and Missouri Rivers
g% : o= 0.1 : : visible. Larger wpen-water bodies are as distinct as in 11
_‘SEJ Useless for GG mapp ing. ) . ;

Summary for this flight (all bands): Poor processing has resulted in images deficient in subtle graﬁ
differences. At more than 4X wapgnification, pixels begim to fuzz ‘and show servated edges and those that ¢
with adjacent ores show severe bleoming. For this reason, spatial resolution is somewhat poorer than the b
images; however, on the sharper §192 images, small towns are visible and roads as narrow as 25 m.  The B80%
obscures information on soils and surficial materials. TIn the bands with better gray-scale diserimimatiosn,
topographic features show by shadowing, even though the sun-elevation angle is relatively high. Thin clnud]

-Mississippi River mear NW edge of the scene blurs ground features in the shorter wavelength buads, E:‘.pec'ia].]i

the IR bands penecrate haze and thin clouds well, and alse afford sharP discrimination 6f the larger ice-fré
such as those along the Illinois, Mississippi, and Missouri Rivers. Random semicircular scanner-interruptia
present in all bands. Scanmer noise is evident over psrt or all of bands 9-13 and is so strong in bands 11{
all details of topopraphy except a few details in the highly dissected areas. Images ivom this scene are so
quality than those from NE Kansas-NW Missouri {Sheet ] of this series). The images from bands 3, 4, 5, 7, §
approximately egual in guality; band. 3 is the best. The above bands have poor to fair GG mapping utilitys H
have limited use, and bands 12 and 13-1 are useless. ' i

2 = fpir; 3 = good; 4 = excellent 1
. Comparicon with Skyladb photosraphs: Both 51904 and §130F photos are available for this Flipht. it
ABBREVIATIONS moderate to severe over-exposure for snow coviered areas, they show topographic and cultural fearures in muck
_ R (particularly the 5190B photos) than any of  the 5192 bands. : ;
GG <= geomorphie-geographic
GMT = Greenwich mean time ' .
IR = infrared . Comparison with Landsat-1 MSS fmages: Landsat-1 snow-covered scenes from eastern Iowa-northwestern lllinod
MS5 = multispectral scanmer Frame 1144~16163, Dec. .I4, 1972) and norih-centrd Missouri (bands 5 and B, frame 1200-16282, Feb. 8, 1973) ¢
800 = seientific dats outpud comparison with the §192 images. The Landsat—1 images are superior in gray-scale discrimination and shew
pm =+ mierometer topographic detail in the snow-covered areas.. Small towns are more difficult te distinguish because of poo

minimum road widths observed are equivalent to the better 5192 bands, ie., about 25 m.

3

OLDOUT TRAME ¢ -

See Table § faor revised spectral ranges.
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IMAGE QUALITY GENERAL REMARKS
\=sharpnoss of DETECTIBILITY, ind i‘.‘ridual bam}ss
detafl quality and utility
800 la.contrast and | (minimum
no. gray-scale dimension
diserimination| in mecers)
Ceaverage (mean;
quality ROADS

A% 0,5-1 Poor cloud-saow discrimipation. Thin clouds near center of northersn
an | 18 | B 015_1'5 ca. 30 g-1]0-110-1{ a-1 0.5- 0.6 | e98e blur ground detail, Much loss of contrast and sharpness of detail
1) o= 0.9 1 because of scattering. Over-exposed and washed-out in snow-covered arvas

Nearly useless for GG mapping.

A= 1.5 Falr gray-scale discrimination and utility for GG mapping. Some randem

™ 1 |B=1.5-2 ca. 25 1.2 | 1-2 g.g- o-11 1 1.1 semicircular scanner-interruption lines,
c=1.6 .

A= 1.5 Field patterns and other features on the Illinoils and Mississippi River
pg 3| B=1-2 ea. 25 1-2 | 1-2 0.5- 0,51 1.1 |alluvial lowlands are fairly well defiped, Quality aad wtility of this
an) g=1.5 1.5 band are comparable with bands 7, 8, and 9. Several semicircular seannes

interruption lines,

A=1.5 Somewhat overexposed, 6Gray-scale discrimination is fair In snow-free
T 5 [ B=g.5-1 1. 25 0.5- 0-2 0.5 0.5 1 i.0 {8reas but very puor in spowy areas. Semicircular scenner-interruption

o= 1.4 2 1.5 lincs present.

A#0.5=-1 0. 5- Severely overexposed and toc contrasty, Gray-scale discrimination poor
um 7 | B=0.5-1.5 ca, 35 0-1 |0-11{0-1]0,5 i 0.6 } (washed-out) in snow-covered areas.

¢= 0.9

A=l.5 f 0.5 0,54 0.5 Poor to fair contrast, gray-scale discriminatien, and utfility Tor GG
Lm 9| Bwi-2 ca. 25 1-2 | 1-2 1'5 i i 1.1 fmapping., Open-water discrimination better than in visible bands.

o= 1.5 ) Several prominent semicircular scanmer-isterruption lives,
- P

A=1.5 .54 0.5/ Poor to fair gray-scale discrimination. Open water of the major rivers

pm { 19 B=1-2 ca. 25 -7 11-2 1'5 i 1 1.2 f stands out better than in the visible spectral rampe.
c= 1.5 .

A=1.5 Gray-scale discriminatfon poor to fair. Geod penetration of haze and

pm| 20 1e2 va. 25 1-z{t-z| 1 |05 4 1.2 |clouds improves discrimination of terrain detail in the clouded areas.
o= 1. ’ One very prominent semicircular scanner-iaterruption line, Anomalous
darkening in 80 _corner probably related to semiecircular scanmer noise.

A=1-1.5 0.5 0.5 Gray-scale diseriminatien and contrast is poor to fair. Utrility for GG

=l ca. 30 1-2 11-271 1 : : ¥.1 |mapping nearly same as band 8 and 9. Distinct semicivcular scanner noise
Jm 17| B=1-2 1 1 PP ¥
o= 1.4 over entire image; anomalous darkening in SW corner.
i Poor pray-scale discrimination, Some topegraphic detail visible in highly

A=0.5 ca. 30 2 fo-1 G- 12| o 0.6 dissected arcas. Open water very clearly defined. Quality somewhat better

um 11| B=p.5-1 . ol 0.5 . than band 12 but nearly vseless for GG mapping. Strong semieircular
c= 0.6 : ’ scanner nelse (probably related to smallet sipnal-noise ratio at this
longer waveleagth,) :
Very poovi contrast and sharpness of detail. A few Lopographic featores

A=0-0.5 o-| 0-] o v I .

S ca. 315 - - 1 i} 0.4 lare seen in the highly dissected areas.  Open water not as clearly
pr 13| B=0.5 6= 0.4 0.540.5]| 0.5 defined as in band $l. Very strong scanner nofse, similar to bands 11
) Ve and 13-1. Useless for GG mapping.
Very strong semicircular SCannet neine; WW half of image is much darker
=0 . than SE half. Very poor pray-scale diqériminutlon Highl SHEC
. \ 2 diac f phly dissected
wm 21| p=0-0.3 ca., 33 0] 0 0 11—z 0 0.3 {bluffs along the Illineis, Mississippi and Missouri Rivers are faintly
o= 0.1 visible. Larger open-water bodies are as distinct as in band 11,
- - _ — ! Useless for GG mapping. )
'NOTES Sunmary {for this flight {all bands): Poor processing has resulted in leages deficient in subtle gray-scale
differences. At more than 4X mognifiecation, pixels begin to fuzz and show serrated edges and those that rontrast highly
. with adjacent ones show severe bleoming. For this reason, spatial resolution is somewhat poorer than che better Landsat-1
y images. contain ; i )
s ever '100 coan- images; howevetr, on the Sharper 5192 images, small towns are visible and roads as natrow 4s 25 m. The 807 anow cover
¥ abseures information on seils and surficial materials. In the bands with better pray-scale discrimination, some subtle

2y tick marks svery
s« Only ome 1000

appears
2 genter

Feene.

1 system for image
(1ity for

rraphic mapping:
1 = poory

rocd} 4 = exeellent]-

-~

in eaah
of the

‘approximately -equal im quality; band 3 is the best.

topographic features show by shadowing, even though the sun-elevation angle is relatively high. Thin cloud cover near the
Mississippi River near WW edge of the scene blurs ground features in the shorter wavelength hands, especially band 2. All
the IR bands penetrate haze and thin clouds well, and also afford sharP diserimination of the larger ice-free water bodies,
such #3 those along the Illinois, Mississippi, and Missouri Rivers. Random semicircular scanner—interruption lines are
present in all bands. Scanner noise is evident over part or all of pands 9-13 and is su stromg ln bands 11-13 as o obscure
all details of topography except a few details in the highly dissected areas. Images from this scege are somewhat bettet
quality than those from NE Ransas-NW Missouri (Sheet 1 of this series). The imapes from bands 3, 4, 5, 7, 8, 9, and 10 are’
The above bands have poor to fair GG mapping ucility; bands 2, 6, 11
have limited use, and bands 12 and 13-1 are useless.

[TATIONS

Comparison with Skvlad photosraphs: Borh §19pA and 5190B photos are available For this flipght. In'spite of
moderate to severe over-exposure fotr snow covered ateas, they show topographic and cultural features in much greater detail

yic~geographic
:h meéan tine

1

»etral scanner
tic daty output
hgr_

(particularly the 51903 photos) than apy of the 5192 bands.

Comparison with Landsat-1 MS% iwmapes: Landsat-l snow-covered scenes fram eastern Inwa-worthwestern llldncis (bands 3 and 6,
Frame 1144-16163, Dec. 14, 1972) and north-centrd Missouri {bands 5 and &, frame 1200-16282, Feb. 8, 1973) were used for
comparison with the §192 images, The Landsat-l images are superior in gray-scale discriminarion and show mueh more
topographic detail fn the snow-covered areas. Small towns are sore difficule to distinguish because of poor contrast;
minimun road widths observed are equivalent to the better = 5192 bhands, ic., about 25 m. s .

3

See Table & +aor revised spectral ranges.
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TABLE3 EVALUATION

CHART FOR SKYLAB S92 MULTISPECTRAL SCANNER IMAGES (page

FLIGHT DATE:

aMT START:

SCALE OF SCENE:

misston: 9 L&
stsreu: $192 (MSS)

TRLCK: 1

PASS/ORBIT NO.: 82

1/12/74

lay 53" 2.4304"

1:800,000

DATA FOR THE 1000 SCAN TICK®

GMT:

16: 53!

12,9691"

CO-0RDIMATES (in direction of flight)

GMT STOP (ept'd): l6: 53' 18,9996

LEFT:

¥ Long. g3y

CENTER:

N Lat. 39°59714.0"

N Lat, 39°41'13.9"

W Long. 89°51'19.3"

RIGHT:

N Lat. 39°23'13.9"

% Long. 89°40'15.6"

STATE COVEHAGE AND KEY GEOGRAPHIC FEATUHES:

This imape is in west-central Iilipneis and is the NE cont
seene reviewed on pape 2 of this series.

T S to NI flight path extends from 34,5 ko SW of Jacksq
29.5 km NE of Springfield, I11}, The Illipois River crosses
just north of MNontezuma, Illinois for a distance of 14.5 %
the moderately dissected areas to the §W, the terrain is
plains, dissected only by the Sangamon River (which crosses
wf the Image}and its tributaries. Alluvial lowlands along
river are approximately 5 km widej local relief of the adj
ta 70 m.

IThe .5 192 photo images contain.
short tiek marks every 100 sean-
lines and longer tiek marks every
1000 sean~-lines. Only one 1000
scan~line tiek appears in each
scene, near the center of the .

Bands 3,4,5,7,8,%, and 10 are approximately equal in qualiry (band 3 is th
poor to fair utility for GG mapping. Bands 2 and b are badly over-exposed (washed-our) for the Snow-covered
very limited ucility for GG mapping. Bands 11, 12, and 13-1 are useless because of very ponr sharpness dnd.}
discrimination resulting from high npise-to-sipnal ratie. The IR bands show open-water badies more clearl
region bands--albeit only the larger water bodies R _ :

Even the best-quality band (3) has poorer ground resclution than the better Landsat-l images.
pixels begin to fuzz under magnificacion great:

this Table, and somewhat better than those listed on sheet 1.
solls and surficial materials,

CLOUD COVER (%): O UTILITY FOR MAPPING KEY GEOMORPHIC/GEOGRAPHIC GHMACTERISTICS]
i i}
SHOW COVER (%): 90 :i
IMAGE QUALIN‘I GENERAL REMARKS
BAND OETECTIBILITY individual bands: |
. A=sharpness of - P |
;‘:‘5 detail quality and utility ;
B M58 SD0 |p-contrast and | (@inizum |
w i speatral no. gray-scale dimonsion <
B range discrimination| in meters)
Coaverage (mean.
. quality ROADS -
2 A=0.5-1 Overexposed and washed-out in snew-covered areas, much te{'
0.44-0.52 pm 18 B=U:5-1.5 ca. 75 o-1lo-1 8_5 a-1 OiS— 0.5 :l;\;;f{i.?le;urn few semicircular scanner-intarruption linesi
(blue=-green) c= 0.9 . 4
3 A=1.5 Gray-scale discrimination poor to fair, some subtle topog:
4 t.5={1.5~] 1- show by shadowing in the snow-covered areas. Random semid
0.49-0,56 pm 1 | B=1l.5-2 ca, 20 - o-1] 1 1.3 X . o
(green) c= 1.6 2 2 L.5 interruption lines., Best band in series for GG mapping.
3 ‘
5% A A=1.5 Ls-lo.s (S;rai'—si.cali discriminatign Poor te Eiir,inearly as good :Iasd‘
m o - " . 1- W30, 5= .o [Semicircular scanner noige over entire image and several s
o 0.53-0.61 um‘ 3|B=1-2 15 ca. 20 3 1.5 0-1 11 L2 e srruption. lipes. Quality and wtiliry of band for GG ma
au (yeliow-green) g=1. Ea.. |
= .
£ 11.5 Somewhat overexposed. Contrast and gray-scale discriminat;
5 A=i- 0,54 Pixel boundaries are very fuzzy; high-contrast ones commo
0.59-0,67 pm 5 | B=l-1.5 ca, 20 1-2 1-24 5|01 (1 1.1 | blooming. GSemicircular scamner noise over entire frame; :
(orange) G=153 %ntegru tign 1%11:5:5. Quality and wtility fer mapping near
oY bangs Aan _ .
6 A=0.5-1 i 0- 0.5- Severely over—exposed and too contrasty. Gray-scale disc
0.64-0.75 pm % | B=o.5-1.5 ca. 40 0-110-1 |4 5[0-L 1 0.5 1 {(wvashed-out) in snow-covered areas, vhere terrain details
frad ) g= 0.9 : invisible. Poor -tility for GG mapping. ﬁ
7 A=1-1.5 0.5 ' Contrast ‘and gray-scale discrimination poor to fair. Scmi
1- 3 0.5 noise more evident than in previous bands; several scanng
- = . = | L-2 1 1.1 ¥ e
0.75-0,9C 9| Bo1e2 o= 1.4 ca. 23 1.5 L5 1 lines. Comparable in guality and utility with bands 8 an
Gray-scale discrimination poor ro falr. Shadowing in .an
8 Afl.S . ) 1.5-'G.5 0.5~ s reveals some subtle topopraphic details. Several scanncg
0,.90-1.08 pm 19| B=1-2 . ca. 25 1-2 211,511 1 1.2} 1ines. Semicircular scanner noise over entire imape, Wit
3.5 darkening at center of NE edge. ;
Poor to fair gray-scale discrimination, pixels begin Lo £
- 9 A=1.5 1.5=|0,5-10,5- than 4X magnification. Several scanper-interruption ling
2 1.00-1.24 ym | 20| B=1-2 ca. 25 =215 151100t 1.2 | scanner noise covers entire image but penerally does mot ]
A8s * e - o= 1.5 ’ . deprade detail, Darkeping of image at center of NE edge;
- 9 — . Ii1l., stronget than in band 8. S
Zo Strong scanner noise over entire image, especially darken
S I 1= [,y 0505 0.5 R R T S
; - . . . more discinc an_ in ut [ot 2 s
& 1,10-1,35 um| 17| B=0.53-2 ca. 30 sit? st 1 1.1 Gray-scale discriminacion and contrast are fairly poor.
] ) ¢c=L.3 GG mapping than band 9.
. - ‘Somewhat' over-all better quality than band 12. Very strof
11 A“g'i ca. 15 0-j0- | 0-] 1- o 0.4 siaggir no{se; rg?d?rf ssguner-igterruptmg lines. ~Topogy
- S =0~ . . : S, -wat. o
1.48-1.85 pm e o=0.5 0.5} 0.5} 0.5} 1.5 ‘j{ssverg g;"s%i:fgt. gﬁsﬁ;es??ﬁ?%ﬁﬁﬁ?ﬂg.pe“ water along
. . . | barker and stronger scanner noise. than band 11l several
12 1 A=0-0.5 15 0- {0=- {0= | O-. o 0.2 éniegiu ti?nil%ges.._ \j’g{y uogicg?trggt ang ghznr'pness _gf
= > : . etal ain visible in issucted areas.
2,00-2.43 pm 13 B—U-O.Sc 9.3 0.5} 6.5 0.3 0.5 éélinni{;s}uver ig somewhat less;gdigtmct than in band IY
=U, mapping. :
u E\ =0 Best band for open-water L}iseriminati,un: byt unly ghe Laj
223 [10.2022,50 ym| 21| Bo0-05 >35 o {o {0 (P70 0.2 | 0 BonanenPiver and Salt Grock. Sopoprapaic detail 1id
s g T © . g=0.1 ) e T visible in the more highly dissected areas. Useless for
R
FOOTHOTES Summary for this flight {all bands)? - These images arc peneratly gimilar in quality to those reviewt

Cloud~free, but 907 sriow cover abscutres

in all]
they also show serrated edges and those that cnﬁi

e Pt me il ok < =

than &_X'




' FOLDOUT mﬂmé\

'VALUATION CHART FOR SKYLAB S 192 MULTISPECTRAL SCANNER IMAGES (page 3 of 3)

DATA FOR THE 1000 SCAN TICKl STATE COVERAGE AND KEY GEQGHRAFHIO FEATURES:
|ss \ This imape is in west=central Illinols and is the HE continvation of the
GUT: 16: 53' 12.%691" geene reviewed on page 2 of this series,

. The SW to NE flipht path cxtends from 36.5% km SW of Jacksopville, 111, to
CO-ORDINATES (in direc‘ion of flight) 29.5 km NE of Springfield, [11, The Illinois River crosses the NW corner
just nerch of Montezuma, Illinois for a distance of 14,5 km. Except for

. a
21 LEFT: N Lat. 39°59'14,0" the moderately dissected areas to the SW, the terrain is pently rolling
. W Long, 9073't" plains, dissected only by the Sangamun River {which crosses the cast half
82 o ’ of the image)and its tributaries. Alluvial lowlands alenp the Illigois
30 2.4300" CENTER: S %at. lg él'I.J.‘J"" river are approximately 5 km wide; local relief of the adjacent bLuffs
A W Long. 89 51'19.8 is 7¢ m.
}3 1bs 53' 14,9996" RIGHT: N Lat. 39°23'13.9"
W Long. 89 40'15.6"
1:800,000
L0 UTILITY FOR MAPPING KEY GEOMORPHIC/GEOGRAPHIC GHARACTERISTICSI
90
2
IMAGE QUALITY| GEgE‘IR;@g REM%RK?
= DETECTIBILITY individua ands:
A-fi!e‘g:g?.ess of quality and utility
3D0 |pocontrast and (:?iniqum
no. gray-scale dimension
disérimination| in meters)
Ceaverage (meani] . |
quality QOADS
420.5-1 Overcsposed and washed-out in snow-covered areas, much terrain detail
eI 1l 0= |, 4 10,54 invisible, A few semicircular scanner-interruption lines. GG mapping
‘1;:51 18 B—o.s-léz 0.0 ca., 25 0-1{0-1 0.5 1 1 0.5 wtility poor. : . :
A=1.5 firay—scale discrimination poor to fair, some subtle topographic features
pm 1 | p=1.5-2 ca. 20 L. S5efl.5~f 1- -t | 1 1.3 show by shadowing in the snow-covered areas. Random semicireular scanner-
c= 1.6 2 _ 2 1.5 interruption lines. Best band in series for GG mapping.
A=1.5 Gray—scnlé discrimination poor to fair, nearly as good as band 3.
3]|B= '2 ca, 20 1-2 1.5-10.5- 0=-1 1 1.2 Semicircular scanner noise over entire image and several scanner—
1{:2\ 1- g= 1.5 1,5 *® |interruption lines. Quality and utility of band for GG mapping poor ta
T fair.
Somewhat overexposed. Contrast and gray-scale discrimination poor to fain
A=1-1.5 0.5 Pixel boundaries are very fuzzy; high-coptrast ones commonly show
Hm 3 | B=l-1.5 ca. 20 121 1= 3 gf0=1 f L 1.1 | plooming. Semicircular scapner noise over entire frame; random scamnner—
) c=1.3 %nte]:.;ru tign linga. Quality and utilicy for mapping nearly as good as
or ands i}l}d a
A=0.5-1 i 0- 0.5 Severely over-exposed and too contrasty. &Grsy-scale discriminarion peor
e 7| g=0.5-1.5 ca. 40 0-110-1}, 01 l 0.5 ] (washed-out} in snow-covered areas, where terrain details commonly are
= 0.9 : invisible. Poor utility for GG mapping.
A=i-L.5 Contras. and gray-scale diserimination poor to fair. Semicircular scannaj
m 9| B=y_s .ca. 25 -1 0.54 0.5+ 1 1.1 |noise more evident than in previous bands; several scanmer-interruption
: -2 c= 1.4 : 1.5 <1 1.51 1 ] . lines. Comparable in quality and utility with bands 8 and 9.- :
_ Gray-scale diserimination poor to fair. Shadowing in snow-covered upland
A=1.5 1.5 0.540,5= reveals same subtle topopgraphic details. Several scanner-interruption
pm | 19| B=i-2 ~ ca. 25 =215 ysh L |t 1.2 1 iines. Semicircular scanner neise over entire image, with anomalous
¢=l.5 : : darkening ac center of NE edge. ' .
Poor to fair pray-scale discriminakion, pixels begin to fuzz with greater
. A=1.5 1.5=10.5-|0.5- than 4X magn!fication. Several scamner-interruption lines, semicircular
um 20| p=1-2 ca, 25 1-2 Pl 1 1 . 1.2 | scanner noise covers entire image but pgenerally does not seriously
= 1.5 -3 degrade detail. Darkening of image at center of WE edge to Springfield,
. 11i., stronger than in band 8. .
. Strong scanner noise aver entire- imape, especially darkened NE edpe and -
AsL-1.3 : 1- 0.5 0.5 0.5 thru center third of frame (lengthwise). Open~water of I1ilinois River is
=0.5=2 . ca, 30 1-2 |7 . . 1.1 | more distinct than in previous bands but mot as distinet as in band 11,
pm 171 B=U. 1.5 1.5 1 1 Gray-scale diserimination and contrast are fairly poor. Less useful for
c=1.3 GG mapping tham. band 9.
0.5 . . Somewhat over-all batter quality than band 12. Very stropg semicircular
A.—O.l D B T 0-f{0- {0~ | 1- 0 o4 5222{,‘? noisei‘rﬁgd?\? sgqnner;igterruptiua ]é:ignesé rTg gﬁxfa g{g dgtaéli'vér
1 B=0- . ca, : {0 are, ~wate inpis
Hm e c=0.5 0.5] 0.5) 0.5) 1.5 ‘fs ver? ﬁrilsgingt_. guémégs?ﬁresc magging.p &
Barker and stronger scanner noise than band 11, several scanner- .
A=0-0,5 15 0~ lo- | o0-1] O~ o 0.2 énie;{upti?n_léxlles.i gﬁ‘i" gonﬁlcg?trg?t ang ﬁharpness Sf del:mt.l.";.ta}1 %graplm
= > . a2il Is faintly visible in sepcted areas. en wate n,
wm 13 B-—U-_D.Sc. 0.3 0.570.5] 0.5} 0.5 o éjzlinoig River il Someunat lessodibtince tham in band 1. Usciess for
. =0, X : : : G mapping. . ’ C
. Best band for open-water discrimipation; but only the larsi',er bodies can
=0 0.5+ be seen, e.g., illinois River, Lake Kincald SE of Sgtingf eld, and parts
pm| 21| B=0-0.5 ‘ >35 0 LU S P B 0.2 | of Sanpamon River and Salt Creek. Topagraphic detail is very faintly
) g=0.1 : o visible in the more highly dissected areas. Useless for GG mapping.
Summary for thig flight (21l bands): These images are generally similar in quality to those reviewepd on sheet 2 of
THOTES
; this Table, and somewhit better than those listed om sheet 1. Cloud-~free, bur 90% snow cover obscurcs information on

N soils and surficial materials. Bands 3,4,5,7,8,9, and 10 are approximately equal in quality (band 3 is the bost) and have
0 images contain pear to fair utiiity for GG mapping. Bands 2 and 6 are badly over-exposed (washed-out) for the snow-covered areas and have
k_s every 100 sean- very limited utility for GG mapping. Bamnds 11, 12, and 13~1 are useless because of very poor sharpness gnd gray-scale

e tlek marks every| giserimination resulting frdm high noise~to-sigmal ratio. The IR bapds shiow open-wateér bodies move clearly than tie visitb
s. Only one 1000 region bands--albeit ouly the larger water bodies )

LAppears in t_a_ach ' Even the best-quality pand (3) has poorer ground resoletion than the better Landsat-l images. In-all the hands, the J

5 mn .
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FOLDOUT FRANE -

ORIGINAL PAGE IS
OF POOR QUALITY

-
‘s
IMAGE QUALITY GENERAL REMARKS A
32 BAND Aasharpness of JPETECTIBILITY individual banda:
detail uality and utilit .
[-_;S LEL SDO |p.contrast and | (minimum ! Y ! k
i {é spectral no. gray-scale dimcnsion
(7] range3 disérimination| in meters)
C=average (mean)
quality ROADS
2 A0, 51 0 0 Overexposed and washed-out in spors-covered areas, muceh 1_;:
?.44-0_52 A 18 | B=0.5-1.5 ca. 25 0-1}0-1 0'5 0-1 i5' 0.5 ilg\iﬁ‘i:ble. A few semicircular se.nner-interrupticn lines.
blue-green) = 1.9 ' u ¥y poor.
7 A=1.5 . 5 Gray-scale discrimination poor to fair, some subtle topogt
0.49-C.56 um 1 | B=1.5-2 ca. 20 1.o=1.5-1 =101 1.3|show by shodowlng in the snow-covered areas. Random semic
{green) o= 1.6 2 2 1.5 interruption llnes. Best band in series for G3 mapping.
©
4
W 4 A71.5 i} . Gray-scale diserimination poor to fair, nearlv as good as
o 0.53-0,61 pm 3 | B=1-2 ea. 20 1-2 1.5-10.5~ 0-1 1 1.2 Semicircular scanner noice over entire image .nd several s
EE“ {yellow-green o= 1.5 2 1.5 ;:ntr: rruption lines, Qualfty and wtility of hand for GG ma
o air,
f
e 5 A=l-1.5 Somewhat overezposed. Contrast and gray-scale discriminat:
» M 5+ Pixel boundaries are very fuzzy; high-coitrast > ‘
0.59-0.6 1-1.5 . _ 05, v y; hiph-co ones Commol
(Orangz )lim 518 c=1.3 ca. 20 1-20 1-2] 1 5 o-111 .1 I.:luoming. Semicircular scanner noise over entire framej !
_ ?.ggeg:ggzignﬂiéng?. Quality and utility for mapping near,}
& A=0.5-1 0- 0.5 Scverely over—-exposed and too contrasty, Gray-scale disc§
0.64~0,%95 um 7 | B=0.5-1.5 ca. 40 0-1]0-1 0.5°°1 1 0.5 | {washed-out) in snow-covered areas, where terrain details:
‘ped } c= 0.9 invisible. Poor utility for GG mapping. -
7 | A=1-1.5 - 0.5 Contrast and gray-scale discrimination poor to fair. Sem:
0,75-0,9C um 9| B=,, ca. 25 s fr-2 1-5' 0-15' 1 1.1 |nolse more evident than in previous bands; several scannel
= 1.4 . . lines. Comparable in quallty and utility with bunds B8 an
8 A=1.5 Gray-scale discrimination poor to fair. Shadowing in snot
0.90-1.08 pm 19| B=1-2 ca. 25 1-2 1.54 0.54 0,5~ 1 1.9 reveals spme subtle topographie details. S?veral seanner-
0=1.5 2 [1.5] 1 lines. Semicircular scanner noise over entire image, wit]
darkening at center of NE edge.
- Poor to failr gray--cale discrimination, pixels begin to I
o 9 A=1.5 BYEY ) i
m =1. 1.5~|0.5-{0,5= than 4X magnification. Several scanner-interruption line:
o 1,00-1,24 ym| 20] B=1-2 ) ea. 25 21757 015 1 L 1.2 | seanner nolse covers entire image but generally?dces not
=5 e= 1.5 deprade detail. Darkening of image at center of NE edge ’.
e § 5 111,, stronger than in band 8. : .'
i Strong scanner neisc aver esptire img i d
=g 10 A=1-1.5 1- 0.5-] 0.5+ 0.54 thru ggntgr third of frame (1en§:hw1§§i.°3555—3§§r ggk{fi!
| 1.10-1.35 | 17) B=0.52 N o Cec e I R IR LR R i TR L R RN T
e=1.3 GG mapping tham band 9. St are ALy poot.
=0.5 Somewhat ever-all better quality chan band 12, Very stron
1487085 e | 11| B0t T o ot ol ol PO I P s N e S i
. N . . . . . ible on n 1 a5, = PRI
0=0.5 0.5) 0.5] 0.5} 1.5 {5500ry Aletinle Blad1Ce  For To Rapping. o SotET duviig,
. ;
o L - Darker and strongar scanner noise than band 1]
2.0055.43 pm | 13| 3005 o o o ot TP PO s oy e G
. - = . . a s_fain vig e in ] issect 3.
) - ¢=0.3 0.5 0.5{ 0.5] 0.5 Illinois River 4 somewhat Iessgdigtiigg Ehgn iﬁeﬁnd ?EE
. GG mapping.
<o
Em%. i3-1 -0 0.8 Egsteggnd for o ??;wagerngiscrtiﬂ{:até‘;n; l;gtsuEM% éheilmé
L = 2 5-] seen, e.g8., nois River, Lake Kinca o ring
854 110,20-12,50 um| 21| B=0-0.5 >33 b Do, 50 0.2 | of Sangz’m;ongitiver and Salt Creek. Tupagguphic detail igv
o= \5’ ¢=0.1 visible in the more highly dissected areas. Useless for |
FOOTNOTES Summary for this fiight (all bands): These images are generally similar in qua®’:y to those reviawd
L thﬁ Tahée, ari:g io:]newhat l;-eiter thaE tl;pze lis;ed on sheet 1. Cloud-free, but 90% siL.0W cover obscures: d
The & 192 photo imazes contain soils and surficial mater t_‘ s. Bands 3, ,5:7, ,9, and 10 are approximately equal in quality (band 3 is thd
Short tickpmarks evgry 100 sean- poor to gair utility for G mapping. Bands Z and 6 are badly over-exposed (washed-out) for the smow-covered
lines and longer %ieck marks ever very lLimited urility for GG mapping. Bands 11, 12, and 13-} are useless because of very poar sharpness and
1000 sean-lines. Only ome 1000 ¥ discrim;na;ion i:stilting from high noise-to-signal ratio. The IR bands show open-vater bodics more clearly
- - - region ba. ig~-—-albeicr only the larger water bodies ) ‘
secan-lin k ;
sc:.;ellngazliheaggii:: :!fl iﬁgh Even the best-quality band (3) has poorer ground resolution than the better Landsat-l images. In all
bdrde:'t" of the séene ' b pixels lfegln‘ to fuzz under magnification greater than 4X; they also show serrated edges and those that conf
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resolution is too poor, however, to show the smaller water bodies. Im
addition, these bands have good capability to penetrate haze and thin clouds;
bands 10, 11, and 12 provide good discrimination between the thicker clouds
and snow-covered terrain.,

Tn conclusion, bands 3, 4, 5, 7, 8, 9, and 10 ire nearly equal in ground
resolution and image quality, and have poor to failr utility for geomorphic-
geographic mapping. Bands 2, 6, 11, 12, and 13-1 are extremely poor to poor
in ground resolukion and image quallty and nearly to entmrely useless for
geomorphic-geographic mapping.

Thz bhetier Laadsat-1 MSS Images are superior to the better 5192 MSS
images in spatiazl resolution and gray-scale discrimination—-and the Skylab
S190A MS photos of these same scenes are much superior in both respects,
despite overexposure for the snow-covered areas. For example, roads as
narrow as 10 m are detectable on the S190A photos, as narrow as 10-15 m on
the Landsat-1 images, vs. 20 m on the best S192 images.
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6.0 CENERAL COMPARISON OF SKYLAR S190A AND S190B
PHOTOS AND 5192 MULTISPECTRAL IMAGES WITH
LANDSAT-1 MULTISPECTIRAL IMAGES

Table 4 gives our evaluation of the relative overall quality and utility
(for geomorphic-geographic mapping) of the S190A and S190B photos compared
with 8192 and BERTS (Landsat)-1 multispectral images of this region.

Table 4.~—NEAR HERE

Strong advantages of the Landsat~l images are: the somewhat overlappingéf
orbital paths and repetition of images of the same scenes every 18 days
enahled complete, cloud-rfree, and multiseasonal coverage to be obtained of
the entire project region. The repetitive images are valuable for detecting
time-variant phenomena such as flooding, erosion, sedimentation, and changes
in soil moisture, vegetation, and agricultural practice, as well as man—made
ground disturbance and construction activities. The images not only have high
planimetric accuracy but also each image provides a synoptic overview of a
large region at the same sun-elevation angle. These attributes, together with
the moderate ground resolution, provide a capability for distinguishing the
larger landforms, landform assemblages, and geologic linears with greater
clarity than with Skylab and ultrahigh aerial photographs (where these features
become more difficult to pick out of the wealth of detail). TIn addition, much
more information is récorded on the digital tapes than can be reproduced on
photographic film (under the standard processing format), and the digital data
can be manipulated and enhanced by computer in various ways. Disadvantages of
the Landsat-1 images are moderate spatial resclution, relatively broad spectral
resolution, and limited capability for stereoscopic viewing, due to the slight
overlap between adjacent flight paths and to the limited parallax from the
high orbital altitude.

3/

—/8ide overlap ranges from about 15 to 25% at the latitudes of the project
region.

The chief advantages of the Skylab multispectral photos are their
superior spatial (but not spectral) resolution, and, for many SL flights,
full stereovision capability--a great advantage for geomorphologic and geologic
investigations. Also, they have high planimetric accuracy due to the high
orbital altitude and the high quality of the camera lenses. The S190B photos,
of course, have even better spatial resolution than the 51904 photos.

" Adverse features of the SL photography of the Great Plains-Midwest are:
(1) spotty coverage by high-quality photos free of clouds and severe haze;
(2) very limited repetitive, multiseasonal :overage——the EREP flights were too
infrequent to catch, for most areas, the Lest atmospheric conditions, the
least vegetative cover, and the optimum differences (spread) in soil-moisture
conditions; for many areas, the best—quality photos were taken in summer or
winter, when either heavy vegetation or snow concealed information on soils
and surficial materialss; (3) although -stereoscopic coverage was obtained on
many flights, the relatively high orbital altitude regults in a low base-height
ratio and limits the capablllty for detecting slight differences by stereovision.
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TABLE 4, COMPARISON OF SKYLAB F'HOTOGRAPHS/ MULTISPECTRAL IMAGES and LANDSAT-I MULTISPECTRAL
IMAGING SPECTRAL arTrinoge?
SYSTEM panp”
i
. . 5';:‘?
c-o"v,-h."
,;-qcéf )
& =
& t"? Uﬁ\f’o
calor
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1
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(0.8-0.9 ym)
)
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green) | | {
@-s0.6Lum | o o | 1 3 1.5 0.5 0.5 { 0.5 | o 2 0-1 | 0.5 ] A o |12
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2 A ?
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SCANNER (MS5) red) :
3 (0.7-0.8 um;
PHOTC IMAGES 6 near 1) 2 — 2-3 | 3.5 3 2.5 4 & 1.5 | 3.5 2-3.5) 1 o 2 |r-2.5 | 1-2
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FOOTNOTES: -
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lnetter—quulity unenlarged 3d-generation transparoncies of the project region. | “Better-quality photo fmages (70 mm and/or 1:l miliion-seale formats} of the ‘
text 1 :
zﬂusnd on 3 snow-covered scenes from SL 4 mission, Tracks 1 ard 58 (gee Table 3.) 5SEE ext Table 3 for rev “é wavelength zanges for the various Skylab spece:
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COMPARISON OF SKYLAB PHOTOGRAPHS / MULTISPECTRAL IMAGES and LANDSAT-I MULTISPECTRAL IMAGES
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Table 5. Revised determinations of the wavelength
ranges for the spectral bands m the S5190A multi-
spectral camera array (B/W bands only) and in the
s192 muitispectral scanner (acacrdiﬁg £o the Sensorr
Performance Evaluation, Final _I{eport_, vol. 1 (51904),
dated May 12, 1975: NASA L. B. Johnson Space Cente.r,,

Houston, Texas, p. I-43).

S190A : s192

S?g,ﬁ‘_ Band name “g:ﬁi’“(‘ﬁ;t}‘ Band ”;‘a':;e'(‘f:")‘
1 | 0.4l o 0.45
6 B/W green | 0.48 to 0.63 || 2 | 0.45 to 0.51
3 | 0.50to 0.56
5 B/W red 0,58 t0 0,72 || 4 | 0.36 to 0.60
5 0.60 o 0.6866
1 B/W IR 0,58 ta 0,78 5 0.65 to 0.74
2 B/WIR lo.95t0o0.90 | 7 ] 0.7 to 0.89
‘8 0.93 to 1.05
g | 1.03to 1.19
10 1,15 to 1.28
© F 1| 155t 1.73
12 | 2.10 co 2.34
13 10,07 to 12.68
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5190B photos are only slightly better in this respect than the S190A phdtoéi/~—
their sharper resolution commonly slightly overcompensates for thes_owar base-
height ratic caused by the longer focal length of the S190B camera™ .

£'f"-',NotF_' in Tsble 1 that stereorslief detectibility for the better S190A

photos is 15-20 m, and for the better S190A photos, 8-10 m.

éyVertical exaggeration present in a stereoscopic airphoto model is
directly related to the base-height ratio. The base-height ratio is controlled
by, and inversely related to (a) the focal length of the camera lemns, (b) the
altitude above the land surface, and (e) the amount of overlap of the airphotos.
Thus, the 6-inch focal length of the S5190A cameras gives a higher base-height
ratio than the 18-inch focal length of the S190B Earth Terrain camera.

Skylab photos were much less successful than the Landsat-1 MBS images
in providing enhancement of topographic detail in snow-~covered areas. 1In the
Landsat images the emhancement of topography in snow-covered areas conmmonly
is striking (Morrisom, 1975; Morrison and Hallberg, 1975). The snow cover
masks the distracting tonal differences caused by variations in soils, rocks,
and vegetative cover. Also, the low sun-elevation angle characteristic of
all winter Landsat images of this region results in shadowing and emphasis
of even minor topographic features, gkin to a detailed shaded relief map. The
enhancement of topographic detail is optimum in regions of low to moderate
relief such as the Great Plains-Midwest. Skylab 4 photos provide less
shadowing erhancement of topography in the snow-covered areas, for two reasons:
(1) the photos were taken near midday, when the sun was near zenith; (2) nearly
all the SL4 photos are overexposed for smow-covered areas, particularly the
color and CIR bands, because of the relatively small latitude of exposure for
these films. :
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7.0 ANAIYTIC (GEOMORFPHOLOGIC MAPPING
7.1 General considerations

A key means of testing the usefulness of Skylab photos for distinguishing
landforms and surficial materials was their use for making maps of "amalytic
geomorphology.”" The units showm on these maps stress features that can be
determined directly from study of the SL photos, with minimazl use of ground
control and higher levels of inference. The geomorphic maps were prepared
entirely by photointerpretation, without field studies, but using available
ground control ranging from topographic maps to geologic and soil maps and
reports and high altitude airphotos. This work was dome at the USGS facilities
at the Denver Federal Center, with Fuller, Muhm, and Prohaska assisting the
Pr_ neipal Investigator.

The objectives for this mapping were (a) to develop and utilize a
system for mapping the significant elements of the geomorphology of large
parts of the Midwest-Great Plains, in as much detail as possible from the
SL photos, and (b) to identify geomorphic anomalies that may reflect local
tectonism, remnants of ancient moraines, ice-marginal drainage or other-
drainage diversions and filled valleys, and other abnormalities in landscape
development. Key factors used for differentiating the map units are: (a)
land-~surface form--with subfactors of slope, local relief, and profile (which
will be discussed later), (b) stream density and pattern, and (c) soil '
characteristics--both soil-color (from the color band) and soil drainage
(from the IR bands). Thus, the analytic geomorphology maps are considerably
wore detailed than the "geologic—terrain' maps prepared from ERTS images of
this region—--largely because of the superlor ground resolution of the Skylab
photographs.

The aim of the geomorphic mapping was to map natural landscape units.
At the scales of our maps, generally it is not possible to map individual
landforms (except the chief valley lowlands); it is necessary to map
assemblages of landforms. The assemblages can be distinguished on the basis
of the factors listed above, commonly on a semi-quantitative basis. Some
boundaries of the landscape units are sharply defined by distinct topographic
discontinuities, such as?valley lowland bordered by steep-sided hills, the
scarp of a stream terrace, and, commonly, the edge of an upland plateau.
Other landscape-unit boundarles are gradational and can be drawn only
approximately, at the mid-point of a zone of change in significant landscape
factors (e.g., local relief, profile, soil characteristics, etc.).

Systematic mapping and geomorphic analysis of the landforms of this
region has hardly begun, although Landsat-1 MSS images were utilized in an
earlier project (Morrison and Hallberg, 1975) for mapping gross landscape
units. The superior ground resolution and syunoptic overviews provided by
the Skylab photos make them espec1ally favorable for systematic. geomorphic’
mapping. Such mapping, in the detail and comprehensiveness possible from
the Skylab photos, will provide better information on the distribution,
nature, and orlgln of the Earth's natural surfaces. These maps ought to be
of value to users such as land-use planners who need accurate characterizations
of the landscape,ienglneers who require a comprehen51ve picture of terrain
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in selecting sites for highways, airfields, waterways, dams, and reservoirs;
and to environmentalists who wish to determine the present state of the land
and then estimate the consequences of man's projected activities.

A key objective was the identification of discontinuities between
landscape units. Continuity of landforms indicates continuity of geomorphic
process (Bloom, 1969): conversely, discontinuity of landforms indicates
discontinuity of geomorphic process, and thus may be an important clue to
details of the history of landscape development. In some cases, landscape
discontinuities are indicated by the boundaries between our map units, in
other cases, by other types of geomorphic anomalies that will be dicussed
later.

Ancillary to the mapping of landform and soil characteristics was the
more inferential identification of surficial deposits within the basic
geomorphic map units, as well as the identification of various geomorphic/
geologic attributes that may be significant for land-use plemning and land-
resource development. However, the Denver group attempted only very
generalized designation of the probable character of surficial deposits and
of other aspects of environmental geology within the map units [which are
primarily defined on their geomorphic (and soil) characteristics]--corventional
mapping of surficial geology or of engineering geology was not our objective.
Because we generally had little or no geologic ground control, relatively high
degrees of inference were involved in making many of these identifications;
consequently, the inferences on surficial materials and environmental geology
are stated in very general terms.

Dr. Merlin Tiptom, of the South Dakota State Geolegical Survey, reviewed
our analytical geomorphic map of the Sioux Falls study area and commented on
our questions about various geomorphic/soil anomalies in the light of
available knowledge on the glacial and other surficial deposits. Likewise,
Drs. Marvin P. Colson, and Rex Peterson, and other membe:rs of the Nebraska
Department of Conservation and Survey reviewed and commented on our mapping
in the Fremont, Sioux City, Broken Bow, and 0'Neill 19 x 2° quadrangles
in NE Nebraska. Dr., William H. Allen, Jr., of the Missouri Division of
Geological Survey and Water Resources, evaluated our wmapping in the Quiney,
St. Louis, and Moberly quadrangles, NE Missouri. In particular, Dr. Jerry A.
Lineback, of the Illinois State Geological Survey, not only evaluated our
mapping of the Tllinois portiomns of the St. Louis, Quincy, Burlington, and
Peoria quadrangles, but also contributed the section in the Appendix of this
report "Mapping Illinois geology from space,” in addition to preparlng a
report published by the Illinois Survey (Lineback, 1975)

7.2 Interpretive procedure for mapping analytic geomorphology

Conventional photogeologlc technlques were used for the analytic
geomorphology mapping, except less emphasis was placed on observing topographlc
features by stereovision, and more emphasis was given to land-use characteristics.
As explained above, the S190A and S190B photos (even the sharper ones) offer
only moderate capability for stereoscopic viewing--an average of about 12 to
15 m and at best only 7 m relief detectibility—-so many of the finer
details of topography cannot be seen unless they are emphasized by dlfferences
in vegetation, land use, or shadows. Essential for maximum detail of mapping
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are both superior sharpness of detail and good gray-scale discrimination (for
B/W photos) or hue/chroma/value discrimination (for color and CIR photos).
Deficient gray-scale or color discrimination generally is caused by haze
degradation and/or by poor exposure or processing.

Somevhat less emphasis was placed on land-use characteristics than was
done in the interpretation of ERTS-1 images of this region, because of the
better ground resolution and stereorelief of the Skylab photos. The patterns
of fields, pastures, woodlands, and rural rnads reveal much about topographic
details, and hence, about landforms and landform associations. The sizes and
shapes (rectangular vs. irregular) of fields are controlled by the topography.
Concentrations of very large (greater than 80 to 160 acres) fields with regular
shapes and sharp boundaries generally indicate areas of very low relief and
low drainage density, such as broad flood plains and flat or gently undulating
uplands. Conversely, small, irregular fields show that hills and valleys
impose topographic limitations on farming. The distribution of woodlands
provides information on the character-of valleys and escarpments. In areas
of productive soils, woodlands are restricted to slopes too steep to be farmed;
in the more arid parts of the region the steeper slopes commonly are partly
woodland or brushland and partly pasture. Many rural roads are visible on the
images. In areas of low relief, they are straight and rectilinear in pattern,
generally following section lines. Bends in the roads commonly indicate valleys
with steep slopes; markedly sinuous roads indicate hilly, much-dissected terrain.

However, land-use features can either aid or hinder geomorphic interpretation.
Landscape-unit boundaries generally are easy to detect where sharp changes in
‘slope affect land use, for example where a wooded bluff adjoins fields on a
valley lowland or upland plateau. Where slopes change gradually, however, the
field boundaries may extend across significant "breaks in slope," obscuring
the geomorphic boundary. Transitions from nearly level to gentle slopes are
very difficult to detect because of this problem, coupled with the limited
sterecrelief detesctibility of the SL photos.

Nevertheless, details of microrelief are well displayed that involve
elevation differences that are much smaller than the detectable stéreorelief.
These details are shown by differences in color (on the color and CIR bands) or
tone (on the B/W bands) that presumably are caused by changes in vegetationm,
soil moisture, and in some cases, field pattern, with slight changes in
elevation. Good examples are the mottled appearance of the Wisconsinan drift
plains in the Sioux Falls study area.

* The limited stereoscopic. capability of Skylab photos can be partially
overcome by analyzing drainage to interpret relief. Drainage analysis is of
great importance because the location and development of streams is determined

by variations in resistance to erosion caused by differences in lithology aud
' structure of the underlying bedrock, as well as by surface irregularity
produced by deposition and erosion of glacial, alluvial, and eolian surficial
materials., Thus, stream density, depth of dissectiocn, type of drainage pattern,
and interfluve profile characteristics are 1mportant crlterla for characterizing
the various geomorphlc landscape units.

Surficial materials are harder to identify than landforms; generally their

interpretation involves secondary and tertiary levels of inference. Key data
supplied from the images are landforms, land-use characterlstlcs, and tonal
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varilations indicative of soil conditions, either (1) soil~drainage conditions
(best seen in infrared photos taken soon after rains in late fall or spring),
or (2) degree of development of soil profiles (best seen in color photos taken
in spring). Adequate "ground truth" is essential to control the inferences

if a reliable map is to be produced. Sources of ground-control data are
published geologic and soil maps, topographic maps, unpublished geologic maps
and file data, subsurface data (especially drillhole logs), and field
observations by ourselves and our collaborators in the state geological surveys.

7.3 Viewing techniques/procedures for the photointerpretive mapping

. We experimented with several techniques and instruments to determine those
most efficient and accurate for the evaluative photointerpretive mapping:

(a) Viewing the S5190A 70mm and S190B 5-inch unenlarged photos under
‘the B&L zoom sterecscope, at. 5 to 20 X magnification. This method is
useful for rapid evaluation of photo quality and detection of specific
features, but is unsatisfactory for comprehensive mapping because the
stereoscope we used lacks a scanning capability.

(b) Projecting S190A 70mm transparencies onto a screen or, preferably,
onto either a tramsparent—f£ilm overlay on paper 19 x 2%-quadrangle maps
or directly onto 1:250,000-scale green-line prints of these maps on
drafting film, using a 2 1/4—inch slide projector. This method is the
most practicable for Skylab photos that do not provide stereoscopic
coverage, like SL3 Pass 27.The quality of the mapping, however, is
inferior to that produced by methods (c) and (e).

(c) Examining the transparency enlargements under an 01d Delft
magnifying scanning stereoscope at 1.5 or (chiefly) 4.5 X magnification.
Most of the maps included in this report were prepared by this method.
The interpretive mapping was done on transparent overlays to the 4 X
enlargements of the S190A color, CIR, or sometimes the B/W red and B/W
farther IR bands, and/or on overlays to the 2 X S190B color enlargements.
The quality of the enlargements obviously determines the detail and
accuracy of the mapping. Unfortunately, some enlargements are less sharp
than they should be and/or are deficient in color balance or contrast.
This method is relatively rapid but transfer of data from the overlays
to 1:250,000~-scale base maps takes comsiderable time and is likely to
result in loss of accuracy because of the nearly 3 X enlargement requlred

(d) Viewing S190A colox 70mm transparencies with an ERrSS stereoplotter.
This instrument provides a less sharp and less well illuminated (very dark)
image, with less stereorelief, than the Kern stereoplotter (technique e).
Also, although the ER-55 magnifies the image 10 X, its pantograph could
not be adjusted to our base-map scale (1:250,000). In additiom, the
color~viewing headset is noisy and unconfortable to wear,

(e) Using a Kern PG-2 stereoplotter both for interpretation and for
- plotting data directly onto 1:250,000-scale base maps. Both the 5-inch
unenlarged S190B and the %4 X S190A enlargements were used, and the pantograph
was adjusted to the 1:250,000 scale of the base maps. The superior opties
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and illumination of this precision instrument, plus the one-step operation,
make this a relatively accurate and efficient method for photointerpretive
mapping. The sterepimage can be scanned as readily as with the 0ld Delft
stereoscope and it is sharper and better illuminated, Both mega- and
micro—-features and relationships can be seen, because each stereomodel
covers about 15,500 sq km and cain be viewed under various magnifications

up to 10 X. The stereomodel from the 4 X color S190A transparencies from
SL Track 30 is sharp at 5 X magnification; it begins to lose detail at

10 X but still is useful at this magnification. The model from the

S5-inch color S190B transparencies is exceptionally sharp at 5 X magnification--
and barely fuzzy at 10 X. '

In the July 1, 1974 progress report we stated that where the photos
provide stereoscopic coverage, interpretation and mapping are dohe most
efficiently in a single operation using a Kern plotter. This conclusion was
based on early studies and is not borne out by later, more extensive ones,.
using several different photointerpreters., The later experiments used wmainly
color photos (4 X enlargements of S190A and umenlarged 5190B) from SL2, SL3,
 and SL&4 missions for mapping large areas in Nebraska, South Dakota, Iowa,
Missouri, and Illinois. They caused us to conclude that the Kern plotter was
less advantageous for work with the SL photos than we first believed, for the
following reasons:

(1) We used 1:250,000-scale base maps. The overall accuracy of
our interpretive mapping does not warrant so larpe a scale, because of
the mediocre stereorelief and fairly moderate ground resolution of the
SL photos. The only other standard base maps are at 1:500,000 scale,
which is more appropriate——but these maps are of relatively poor
photogrammetric quality. i

(2) The difficulty and time needed to set up the stereomodel in the
Kern plotter makes it generally not feasible to change and compare '
varioue spectral bands of the same scene.

(3) Only one Kern plotter was available at USGS in Demver that has
a pantograph capable of adjustment to the 1:250,000 scale of the base
maps. This plotter was almost continuously imn use by other geologlsts
and our access to it was very limited.

We did not experiment with optical ernhancement techniques (such as
additive color composite made by viewing with a Minniaddecol additive color
viewer, "sandwiches" of various bands of the same frame printed on transparent
Diazochrome in different color, or electronic density slicing) because our
experience with the previous ERTS (Landsat)-1 investigation of this region
showed that optical enhancement techniques contribute little or ne new
information to that given by the unenhanced transparencies.

In conclusion, the final maps given in this report were prepared mostly
by technique (e); i.e., by mapping on transparent overlays to the enlarged
SL photos (chiefly color, occasionally CIR, B/W red, and B/W farther IR)
viewed under an 0ld Delft scanning stereoscope. In several cases this mapping
was supplemented and checked by viewing under the Kern plotter. These
techniques were used, of course, only where stereoscopic coverage is available.
 Tn some cases additional information was obtained from flights without
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stereoscopic overlap, either by viewing the transparency enlargements under
magnification on a light table and mapping directly ou transparent overlays,
and/or by projecting the 70mm unenlarged transparencies (using a 2 1/4-inch
slide projector) onto 1:250,000-scale "greenline' prints on drafting £ilm of
the bhase maps and drawing the map-unit boundaries om the image on the film.

Stereoscopic viewing of the same scene at different times of year
proved invaluable. Spring (SL2) photos are the most suitable because
extensive crop growth does not interfere or add unnecessary "noise” to the
imagery, especially if one is more interested in mapping soils and surficial
geology. Comparison of spring, summex, and winter photos of the same area,
however, was very useful.

7.4 Selection of areas for study

For the analytic geomorphic mapping, six general areas were selected
for intensive photointerpretive analysis and mapping. The selection was
based on meeting as many as possible for the following criteria:

(a) Coverage by good-quality S190A and S190B photos having not
more than 30% clouds. The instruments available at the U.S. Geological
Survey in Denver for stereoscopic viewing cannot use 70mm transparencies
effectively; therefore, good-quality 4 X enlargements are essential.

(b) Stereoscopic coverage (about 60% endlap).

(c) Duplicate coverage, by either approximately coincident or
crossing Skylab passes.

{d) Late-gspring coverage, at the start of the growing season after
plowing of croplands is completed. For this project area, space photos
taken at this time of year provide maximum information on geology and
soils——consequently, SL2 coverage is preferred over SL3.

{e) Congruence with or partial overlap upon one or more of the
19 areas (mostly 1° x 2° quadrangles) studied during our ERTS-1
investigation of this region.

(f) Terrain of special enviromnmental-geologic interest to the
respective State Geological Surveys.

(g) Terrain of special geomorphic and geologic interest as
-determined from our own preliminary evaluation of the Skylab photos
and/or from our ERTS-1 studies.

Our goal was to apportion the test areas as evenly as possible among the
six states.  This objective could not be realized fully, however, because of |
limitations in meeting various of the criteria, especially items (a), (f), and
(g). Some states, especially Nebraska, have extensive cloud-free coverage
- in areas of interest, whereas others, notably Kansas, have little such coverage.

The areas selected for study are of various sizes and shapes because of
the irregular distribution of high-quality cloud-£free coverage by SL photos

40



(see Fig. Al.1 in Appendix). Generally they include only parts of the
following 1° (latitude) by 2° (longitude) topographic quadrangles:

Table 6, Study areas and portioms of 1° x 2° quadrangles included

General study area 1° x 2° topographic quadrangles
(Numbers refer to sections in the (portions) included:

Appendix in which they are :

discussed; see Fig. Al.1)

A2 NE Missouri-western Illinois Moberly, Quincy, St. Louis, Jefferson,
Centerville

A3 SE South Dakota-NW Iowa Sioux Falls

A4 NE Nebraska and western Towa Broken Bow, Fremont, 0'Neill, Sioux

City, Omaha, Nebraska City

A5 Central and southern Illinois " Belleville, Burlington, Davemport,
Decatur, Paducah, Peoria

A total of about 163,000 sq km were mapped, at scales ranging from about
1:713,000 (the scale »f the S190A 4 X enlargements) to 1:250,000,

7.5 Ground-control information

Ground control for the analytlc geomorphology mapping was chlefly from
topographic quadrangle maps (1 x 2 ), supplemented where possible by 15-and
7 1/2-minute quadrangle maps. The entire region is covered by 1 x 2° maps;
coverage of our study areas by 15 and/or 7 1/2-minute maps (1:62,500 and
1:24,000 scale) ranges from 100% in Illinois, Kansas, and Missouri, to about
95% in Nebraska, and to about 60% in Towa and South Dakota. Such maps give
important information on landforms but little on geology. All the study areas
are covered by maps of bedrock (pre-Quaternary) geology at 1:500,000 or larger
scales, but these maps either ignore or minimize the surficial (Quaternary)
geology. Available (mostly published) up-to-date comprehensive maps of
surficial deposits at scales larger than 1:500,000 provided about 60% coverage
~of our study areas in Illinois and *ansas, about 20% in South Dakota, and less
than 5% in Iowa, Missouri, and Nebraska——a net average coverage of less than
25% of the entire area we mapped. Nomne of the study areas was completely
covered by large to intermediate-scale maps of surficial deposits. Coverage by
geomorphic maps of 1:500,000 or larger scale is negligible. Soil maps provide
complete or nearly complete coverage of many study areas, but they proved to
be generally of limited value for interpretation of surficial geology and
geomorphology.

Important addltlonal information also was orov1ded in several areas by
high-altitude airphotes taken by NASA for the earlier ERIS-1 project and for
this project, as follows (Fig. 2):

Figure 2.--NEAR HERE
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1) One U-2 £light line covered about 2,160 sqg km in the west—central
part of the Sioux Falls study area in CIR (2443 film) at ca. 1:125,000
scale, ‘

v 2} A single U-2 flight line covered about 830 sq km in the northwestern
part of the NE Missouri study area, also in CIR {2443 £ilm) at ca. 1:125,000
scale, '

3) Three WB-57 flight lines (not overlapping) covered much of the
western part (ca. 5,200 sq km) of the NE Missouri study area, in both
color (2445 film) and CIR (2443 film) at ca. 1:120,000 scale.

4) Three WB-57 flight lines (overlapping) covered the entire north
half of the Omaha study area (ca. 5,800 sq km), also in both color (2445
£ilm) and CIR (2443 film) at ca. 1:120,000 scale,

7.6 Lénd¥surface—form factors

A primary objective for our geomorphic mapping was to develop a matrix
for describing the most significant elements of land-surface form for characterizing
different landscape units in this region (in terms identifiable from the SL
phiotos) as objectively and quantitatively as possible. We wished to have the
smallest possible number of categories and subcategories that will provide the
necessary degree of sensitivity for distinguishing geomorphic discontinuities and
anomalies peculiar to this region.  Several different matrix models of
descriptive/analytic factors were tried out before the matrix described here
was adopted. The matrix we f£inzlly chose is derived from that developed br
E. H. Hammoud for the Land-Surface Form maps in the National Atlas of the United
States (Hammond, 1966). Hammond uses 3-item symbols to distinguish three mezin
properties of land-surface form: slope, local relief, and profile type. We
retained Hammond's four—fold division of the slope factor without change, but -
the subdivision of the local-relief and profile-type factors required modification
in order to be suitable for the limited ranges of local relief and profile type
in the Great Plains-Midwest,and. provide the sensitivity necessary to reveal
geomorphic discontinuities in this region . Table 7 compares Hammond's and our
subdivision of these factors.

Table 7.——NEAR HERE

For the slope factor, we adopted Hammond's definition of gentle slope,
namely, an inclination less than 8% (4°34%). This limit, according to Hammond
(1966), falls "in the range within which the difficulty of machine cultivation
increases rapidly, erosion of cultivated fields becomes troublesome, easy
movement of vehicles becomes impeded, and 1n general one becomes hlghly conscious
that he is dealing with a sloping surface.'

Local reli: : is defined as the maximum difference in elevation within a
local area. Hammond used a unit area of six miles across for his US map. We
used unit areas of one to two miles on a side for our maps, depending on the .
complexity of relief and detail visible on the SL photos. We adopted much
smaller elevation ranges for subdivisions of local relief than those used by
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Table 7. Our subdivision of the factors of land-surface form compared with

the subdivigion made by E. H. Hommond for the Land-Surface Form map of

the United States (published in the U.S. National Atlas).

finmmond's subdivision for the
Land=-surface-form map of the

United States:

Our subdlvision for the
Analytic Geomorphology
maps interpreted from
Skylab photes

Our subdivision for
Lard-surface-form maps
prepared {as ground
control) from 7 1/2-
oinute ropographic
quadrangle maps

SLOPE (Capital letter)

A More thon B0% of area gently (Identical with (Identical with
sloping Hamond'_s) Harmond's)
B 50-B0% of area gently sloping
C 20-507 of area gently sloping
D Less thian 20% of = -- gently
. sloping
LOCAL RELIEF/DEPTH OF BISSECTION (Arabic numeral):
% 0-100 feet 1 <30 m (<100 ££) - 1 <75 £t (< 23 w)
2 100-300 feet 2 30-50 m {100-200 ft) 2 75-150 Er (23-45 m}
3 300-500 feet 3 > 60 m (> 200 ££) 3 150-225 ft {45-68 m}
4 500-1,000 feet 4 225-300 £t (68-90 m}
5 1,000-3,000 feet 5 > 300 ft (» 90 m)
6 Owver 3,000 feet
PROFILE TYRE (lower-case letter ;
for uplands and plains other than valley lowlands)
a More than 75% of gentle Undissected plains: Flat to gently undulating,
slope is in lowland without apprecisbly entrenched stream valleys
(slope class A).
b 50-75% of gentle slope Slightly; dissected plains: Wide flat ro gently
i5 din lowland sloping interfluves; few, widely spaced valleys
(siope classes A and B). .
e 50-75% of gentle slope Hilly uplands, mederately disseeted, with many
is on upland gently sloping interfluve plateaus (slope
. . classes B and €).
d More tham 75% of gentle Hilly uplamds, much disgected, with some to few

. ORIGINAL PAGE IS
OF POOR QUALITY.

slope is on upland

gently sloping interfluves (slope class C).

Hilly uplands, hipghly dissected; no gencly

sloping interfluves {slope claus D).
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Hammond, because local relief in the Great Plains-Midwest rarely exceeds 100 m.
Only three subdivisions of local relief (see Table 7) were made for the maps
Interpreted from the SL photos, because the limited capability of the photos for
determining stereorelief does not warrant finer subdivision. Five subdivisions
were used for the land-surface form maps prepared from 7 1/Z2-minute topographic
quadrangles.

We also adopted a five—fold subdivision of profile type that differs
considerably from Hammond's four-fold subdivision, because our map units are
much smaller than Hammond's (our map scales are an order of magnitude larger).
Our subdivisions are designed to distinguish the more important differences in
profile type found in the Great Plains-Midwest.

7.7 Land-surface form maps compiled from 7 1/2—m1nute quadrangle
topographic maps

For evaluating the accuracy of the photointerpretive mapping of land-
surface form from the 8L photos, two relatively detailed maps of land-surface
form were prepared by somewhat generalizing the topographic information available
from 7 1/2-minute topographic gquadrangle maps and plottlng this information on
1:250,000-scale 1° x 20 quadrangle maps. The two 19 x 2° maps made in this
manner are the Fremont quadrangle (Nebraska, for which coverage by 7 1/2-minute
quads is complete) and the Sioux Falls quadrangle (South Dakota, which is about
60% coverad by 7 1/2-minute topographic maps). These maps were prepared by
outlining in heavy lines on the various 7 1/2-minute topographic maps the
various land-surface—form units, then photographing these maps using a Hasselblad
cameraz, so-that the scale of the photo negative is exactly 1:250,000, and then
directly tracing the boundaries from the negative onto a superposed greenllne
mylar transparency of the 1:250,000-scale 1° x 20 base map.

7.8 Environmental 1andséape units used for the analytic geomorphology
maps

Although several key attributes were noted as a basis for distinguishing
between the landscape map units, no attempt is made to show these attributes
by means of complex map symbols. Instead, the map symbols for the analytic
geomorptiology maps are restricted toe 1, 2, or 3 characters in order to keep
the symbols simple and easy to read. (The specific map explanatlons for each
study area characterize each map unit in detail.)

A standard map explanation was developed (Table 8), that is applicable to
all the types of analytic geomorphology maps, in all the study areas in this
region. The distinction of landscape map units is based on the following
hierarchy of dlstlngulshlng characterlstlcs (Whlch are indicated in the map
symbols themselves: : : v
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Map symbol hierarchy Distinguishing characteristics
1 (Arabic numeral) . Major landscale category (on the
basis of morphogenesis and dissection)
2 (lst swmall letter, . Profile detail or surficial cover or
where needed) - morphogenetic type
3 (24 small letter, Surficial cover or morphogenetic type

where needed)

7.9 Comparison with geaslogic—terrain interpretatiocns from Landsat
- (ERTS)-1 images

For comparison with the mapping of geologic-terrain units from Landsat
(ERTS)-1 images, two maps are included that were prepared during the previous
ERTS-1 investigation in this region (Morrison and Hallberg, 1975). TFigure 3
includes part of the northeastern Missouri study area discussed in Arpendix
section A2, and also part of the northeastern Nebraska-western Iowa study area,
discussed in Appendix section A4. TFigure 4 includes the Sioux Falls study area
in South Dakota, discussed in Appendix section A3. The greater detail of mapping
achieved from the SL photos should be readily apparent.

able 8~—NEAR HERE
Flgure 3.——NEAR

4.——NEAR HERE
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Table 8. Standard map explanation for the anslytic

geomorphology maps

- Environmental landscape units

Alluvial lowlands, undifferenciated {local relief < 15 m)

Lower terraces and Holocene flood plaina
Higher stream tevraces (Wisconsinen or older)

Glacial outwash terraces, channels, and plains

Plains, nearly flat to gently rolling, few streams, shallow

dissection (local relief generally < 135 m)

Undarlnin chicFly by loess of late Wisconsinan age} well-

drained soiis

Underlain ehiefly by young and clder loess

indexlain chiefly by older ldess {and tiil loeally);
poorly drained solla

Underlain chiefly. by till of the last glaciation; soils
mostly poorly drained

Undexlain chiefly by till of the last placlation; solls
mostly poorly drained; ground moraine

tinderlain chiefly by till of the last glaciation; soils

mostly poorly drained; stagnation mornine

Gently rolling hills; leeal relief < 30 m, generally < 20 m

stream density moderate, dissection shallow to moderate

Cover of young loess deminant, well-drained soils

Cover of older lépss dominant andfor till, soils commonly

ponrly drained

Bedrock at or -close to surfice

Map Unit

[E=

/-]
4 be
4 e

4 el

4 ee

4 d
4 dl

4 de

4 el

4 ee

fuwn

5b
5 be
Se
5.c1
5 ee
5d
5 dl

5 de

5 el

5 ec

V¥pland plains, mhderately dissected, local relief penerally

< 30 m

Interfluves gently rolling

Interfluves gently tolling, cover of loess dominant

Hany flattish interfluves

tany flattish interfluves, cover of young loess dominant
Many flattish interfluves, cover of older loess andfor

till locally dominant (poorly drained soils common)

Some flattish interfluves

Cover of young loess dominant

Cover of older loess andfor (11 dominant
Few to no Flattialh interfluves

Cover of young loegs dominant

Cover of clder loess andfor till dominant

Uplands, deeply dissected; local relief 30-60 n

Interfluves gently rolling

Interfluves gently roiling, cover of 1ouusldnmlnann
Many flattish incerfluves

Cover of young loess widespread

Cover of.ulder loess and/or till widespread

Some flattish Interfluves

. Cover of young loess widespread

Cover of older loess and/or till widespread
Few or no flattish interfluves
Cover of young loess widesprend

Cover of older loess aidfor till widespread
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:l!plands, very deeply disgected, local relief > G0 m

5
6b - Some mﬁnded interfluves
‘6 d Some flattish interfluves
6 dl © Toessial cover prorﬁ:[.neut i
6 dx Mixed sqrficial cover
6 n:lbb‘T Hixed surfieial cdvﬁr over bedrock
" be Few or no flattish .im:erfluves
6 el Loessizl cover prominent
6 ex Mixed surficial cover
6 eb Hixed sﬁrt’icial cover over bedrock
A ) _‘!I'.].uffs and escarpments, highiy dissected
Ta i.ocal felief <« 0 m .
7hb Local relief 30-60 m
Tc Local relief » 60 m s
8 Iune areas
8u ' Mainiy U-shaped (léngi.tud;lnal) dunes, commonly highrr than
15 m )
B.u'n . Mainly U-shaped (longitudinal) dunes, but local relief
generally < 15 m
. B Mixed dunes forms, partly longitudinal, partly irreguler,
» generally low (< 20 m) and eommonly peorly developed.
B i frreguinr dunes, dune forms commonly distinct, generally
< 15 m high; fairly continuous eolian sand cover
8 i1 Irregular dunes, dune forms commonly ilmli.sllim:t and/ov
much eroded, generally < 15 m high.
8 4d Irvegutar dunes, dune forms commonly indistinct and seattered;
V discontinuous eolian sand cover
8d Deflarion Lollows and plaine, cammonly with scattered low

dunea, generally < 15 m high.
48

Bg'ec:lal symbols

T

U
H
K
W

Glacial kame
Urbanized (busilt-up) area

Strip mine, clay or sand/gravel pit, or rock quarry
Karat (limestone sink-hole} topography .

Lake, pond, reservoir, or large Elowing stream
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Figure 3. Landsat -| map of the Des Moines (W part), Omaha, Fremoat, Lincoln, Nebraska City,
Masbattan (!4, Kansas City, and Moberly 1°< 2° quadrangles, lowa Nebraska, Kansas, and Wissouri.

Map Explanation

MAP UNIT ] LARKDFORM CHARACTERISTICS J LAND=USE CHARACTERISTICS l SURFICIAL=GEOLOGIC MATERIALS
LOVLANDS
la. [Valley lowlands., Flood plains and low Car- Pields moderate to large, regu-| Alluvial sand, gravel, and silt, locally

Nearly flat lowlands along larger
streans, Oxbow lakes, meander scars, and
poinc-bar deposits are comson. IR reflec-
tance generally is lover than in surrounding
uplands, especlally in spring images.

TACEN.

lar in shape, except adjolning
channels, vhere they become
irregular, poorly defined, and
give way to pasture and wood=
lands, Includes parts of the
major urban areas.

Valley lowlands distinguighadble on ERTS
images but too narrow to map :n ddvell,

mantled by loess on terraces (late
Qusternary). On IR images, tones lighte
en toward present channels, Indicating
coarser, better-drained alluvial solls.

Terracas along the Platte and Missou *
Nearly level to undulating, rellsf ge*
less than 50 fr (15 =), wicept &t =a
with unit la, wvhere local relief mar be .2
much as 100 fr (30 w). Inciudes Toud ig .ley,
an abandoned channel of the Platté k 3%
(Fremont quad) and Tetsau Flats (IF) along
the Missourl River (Moberly quad).

cally

Rivears.

Fields moderate to large,
regular In shaps; some range-
land,

Loess, and In places, sollan sand over
glaclal cutwash sand and gravel
(Wisconsinan). On IR images, slightly
darker toned than surrounding uplands
but lighter than unit la.

SAND DUNES

Low sand dunes on terracas of the FPlatte
River (Premont quad). Swell and swale
tepography but no wsll-formed dunes. Local
relief less than 50 2t (13 w). O Indicatas
small isolated areacf such dunes.

Predominatly rangeland; some
cantar=pivot i{rrigated flelds
appear as small dark circles,

Sand dunes on moderately dissected older
terraces, Local rellef 50 to 150 fr.
(15 to 45 m).

Eolian sand snd local loess over glacial
outwash sand and gravel (late Qua=-
ternary). Mottled appearance attests
to variable solledrainage and vegetation
differences.

Eolian sand and local loess over
alluvial sand and gravel of middle
Pleistocens (Illincian and older) age.

YOUNG TILL PLAIN

WITH LITTLE CR MO LOESS COVER

Wisconsinan till plain. Undulating plain
with local relief generally less than 50 ft
(15 m) but as much as 200 fr (40 m) where
maln strea=s have cut through end-moraine
ridges. Mostly end moralnes, some ground
moraine., Dralnage {s poorly integrated and
moraine-controlled. Dissection s less than
on the Kansan till plain.

Mostly cropland; fields moder-
ate In size and regular in
shape. Woodlands locally
along streams where slopes are
steepest and also bordering
stream channels.

Clayey till (late Wisconsinan) with
little or no loessial cover. Darker
tones on spring IR images attributed to
poorer drainaze of these solls compared
to those of the Kansan till plains,

OLDER TILL

PLAINS VWITH LOESSIC COVER

Younger Kansan till plain, Moderately

er relief (200 feet, 50 meters) chan unit 2.
Streams entrenched and alinements appear to
have baen controlled by a series of former
end moraines, in an arcuste pattern paral-
leling the Bemls moraine to the north.
Major streams have narrow flood plains.

dissected plains of higher elevacions and high=

Flelds moderate In sise and
regular in shape. Woodlands
(dark-toned on red band In
suseer) Common along entrenche
wd streans,

Widespread loessic mantle (late Qua«
ternary) over glaclal drift (late
Kansan), Bedrock (limestone, shale,
scas sandstone, upper Paleosolc and
Cretacecus) exposed in places along
strean valleys, Lighter tones on spring
IR images indicate generally better-
drained soils than in unit 2.

Dark-toned younger Kansan till plain. 1Iwo
separate arsas vithin unit Ja and darker
toned on spring IR laagery. Less dissection
and lower rellef (50-150 feet, 1545 meters)
than unit 3a. Few entrenched streams. HNo
flood plains evident on RIS i(zagery.

Flelds larger in size than
unit 3a sand regular in shape,
Woodlands along entrenched
streans,

Like la, except darker tones in spring
IR laages indicate solls generally are
wore poorly drained,

Older Kansan till plain. Streass closely
spaced and well entr ed, with ely
wide to nartow interfluves. Local relief

commonly 150-200 ft (4550 =), but as much
as 350 £t (105 =) along the Missouri River
bluffs, vhars dissection in places is so
intricate as to resemble badlands. Most
streans have flood plains, many cf which are
wide enough to be mapped from ERIS images.
Drainage patterns generally do not suggest

control by former end moraines;
bowever, in a fev places, possible relicts
of and moraines are Infarred from
divide relationships, arcuate dralnage
patterns, and linear tonal ancaslies.
Wotable are the Clarkson (1), and Cedar
Bluffs (2) relict end moralnes in
Nabrasks and Kansas.

On flatter uplands, fields are
mostly s=all and regular-
shaped; on slopes they become
irregularly shaped, and the
stosper slopes commo-ly are
wooded, Abundance of rangeland
increases wvestwvard from the
Missourl River.

Widespread loessic mantle of late
Quauternary (Wisconsinan and [l1linoian)
age, thickest aleng Missour! River
dluffs and thinning eastward; overlies
glacial drift of Kansan and locally
Nebraskan age. Local bedrock oute
crops (limestone, shale, and sande
stone of Paleotoic and Cretacecus
age) aleng stress valleys. Uplands
appear light-toned on spring IR
Images, indicating better-dralned
soils than in the lovlands.

0ld till plaln, modarataly dissected, inter-
mediate Detween unite Ja anu 4e, Uplands
are tabular, relatively wide and gently
undulating] valleys are socerately spaced
and moderately entrenched. Local rellef
genarally ls less then 100 fc (30 w).

Uplands malnly dry-land crope
land and pastureland, flclds
nodarate In sise and regular
in shape] some rangeland,
indicated by absence of flald
pattarns,

Widespread loessic mantle (late
Quaternary) over glacial drift
(widdle Quaternary)., Bedrock (shale,
sandatone, and local limestons,
Cratacecus) is exposed in places
along desper valleys.
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figwre 3. Landsat-| map of the Des Moines (W part), Gmaha, Fremont, Lincoln, Nebraska City,
Manhattan (E%3), Kansas City, and Moy 1° 2° quadrangles, lowa, Nebraska, Kansas, and Missouri.

Map explanation, continued.

LANDFORM CHARACTERISTICS I

SURFICIAL-CEOLOCIC MATERIALS

LAND-USE CHARACTERISTICS

OLDER TILL PLAINS WITH LOESSIC COVER (Continued)

Upland plain, moderately dlssected; valleys
closely spaced, moderately entrenched; inter-
stream uplands narrow; local relief commonly
about 150 ft (45 =), Lighter-toned than
unit 5d.

Flelds small to moderate in sizel
regulss In shape; a few are
irrigated by center-pivot
systems. Large areas of range-
sand.

Widespread loessic mantle (late
lQuaternary) over glacial drift (middle
Quaternary). Bedrock (shale, 'sand-
stone, and local limestone, Cre-

|taceous) 1s exposed in places along
|deeper valleys.

Upland plain, with moderately ipaced and en-
trenched valleys, broad gen.ly undulating
divides; local rellef gererally less than
150 ft (45 m).

Flelds large and regular on the
broad uplands., moderate to small
and irregular elsewvhere; wood-
lands on steeper slopes and
along streams.

Mantle of loess over till of middle
and locally early Pleistocens age; bed-
rock (mainly limestone and shale, Pa-
leozoic) exposed in places in valleys.

LOESS-MANTLED PLAINS BEYOND THE GLACIAL LIMIT

Mostly cropland, some rangeland,

Widespread loessic cover of late
Quaternary (Wisconsinan and Illinolan)
age, over alluvium of middle Pleisto-
cene age. Bedrock (shale, sandstone,
and limestone of Cretaceous age) ls
exposed only along the more deeply
entrenched streans.

Sa. | Plains with broad, gently undulating uplands;
valleys widely spacetl and shallow; local Flelds moderate to large in
relief generally less “han 50 ft (15 =), size, regular in shape. Some
locally as wuch as 100 fr (30 m) along circular center-pivot irrigated
entrenched streans. flelds.
T Sbe | Like 4e except genertlly darker-toned on Like 4e.
ssassasa: spring IR images,

WELL-DISSECTED UPLAND PLAINS WITH LITTLE OR NO SURFICIAL MANTLE

Hilly, well-dissected usland plain; valleys
closely spaced, moderately sntrenched

except deeply entrenched along Missouri
River); interfluves moderately wide to
narrow; local relief generally less than
100 ft (30 m), increasing to as =uch as

350 ft (105 m) near Missour!l River., Darker-
toned than most of unit 3c.

Mainly pasture; steeper slopes
commonly wooded; croplands
concentrated along lowlands.

Discontinuous loessic cover over
patchy alluvium and glacial deposits
of middle Pleistocene (Kansan) age.
Bedrock (mainly limestone, some shale
and sandstone, of late Paleozolc
age) is widely exposed.

Hilly, highly dissected upland plains;
streams closely spaced and moderately to
deeply entrenched; local relief generally
less than 250 ft (75 m).

",

Mostly rangeland; few flelds
evident.

Like 6b.

Patchy lcess (later Quaternary),
alluvial sand and gravel, and near
northeastern border, glaclal drift
(middle Pleistocene). Bedrock (shale
and limestone, late Paleozoic) is
widely exposed but commonly has a thin
mantle of colluvium, Western boundary
i# marked by a west~facing escarpment
formed by massive limestone (Permian).

Bediock (mainly shale and limestone,
some sandstone, late Paleozolc and
locally Cretaceous) is widely exposed,
albelit commonly mantled with thin
colluvium on slopes. Interfluves have
patchy mantle of loess (late Qua-
ternary), alluvial sand and gravel
(middle and locally early Quaternary),
and, In extreme eastern part, glacial

drift (middle Quaternary).

¥, -
e 9%
o 1.

Urban arsas of Topeka (To), Kansas City (KC), Saint Joseph (5J), Lincoln (L1), Omaha (Om), and Council Bluffs (CB).

Lake or t-nr‘velr.
Strip mine.

Small isolated area of sand dunes.

Known or possible moraine~controlled divides of Kansan age.

and, in some cases, all traces of till,
realict end moraines.

/

Erosion has removed the original morainal morphology,
Numbers denote the Clarkson (1), Cedar Bluffs (2), and Nickerson (3)

1019-16220
1021-16333
1022-1618.,
102216385
102318442
1039-16332
1033-16213
1055-16221
1036-16273

EXTS-1 IMAGES USED:

9/18/72
9/18/72
9/19/72
9/19/72
9/19/72
9/21/72
10/4/72
10/4/72
10/7/72

1076-16391
1076-14393
1095-16445%
1093-16431
1096-16%03
1096-16510
1128-16282
1128-16284
1165-16115

1057-16332
1057-16334
1058-16383
1058-163%0
1058-161392
1060-16500
1073-16215
1073-16221
1076-16184

8/11/72
8/13/72
8/14/12
8/14/172
8/14/72
8/31/12
9/16/72
9/16/72
9/117/72

1167-16445
116716451
1184-16383
1185-16445
1185-16452
1203-1639%
1237-16340
1237-16342
1237-16345

10/7/72
10/7/12
10/28/72
10/26/72
10/271/72
10/27/12
11/28/72
11/28/72
1/4/73

1/6/73

1/6/73

1/23/73
1/24/73
1/24/73
2/10/73
3/12/73
3/172/73
3/17773

12
125

127
127
127
127
127
129

1256-16403

s=16394 4/5/73 1290-1628% 3/9/73

6-16401 4/5/73 1291-16341 5/10/73
4/5/73 1292-16400 3/11/73
4/22/73 1329-16443 6/17/73
4/22/13 1329-16445 6/17/73
4/22/73 1346-163%0 7/4/73

4/23/73 1346-16392 7/4/73

4/23/73 1347-16450 7/5/73

5/9/73

3-16340
3-16342
3-16345
4=-16400
4=16403
0-16281
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Figire 4. Landsat-1| map of the Mitchell and Sioux Falls 1°« 2° quadrangles, South Dakota and lowa.

Map Explanation

MAP UNITS

LAND-USE CHARACTERISTICS ]

LAND-USE CHARACTERISTICS l

SURFICIAL-GEOLOGICAL MATERIALS |

1
SIGNRIFICANT ENVIRONMENTAL-GECLOGIC ATTRIBUTES

LOWLANDS

la,

Valley lowlands, Fiocod plains and
low terraceas along major streams.

Valley lowlands. Distingulshable on
ERTS lmages but too narrow to map
in detall.

Fields moderate to large In size,
regular in shape; considerable
pastureland, Dark-toned In summer
red-band Images due to cropland
vegetation.

Alluvial sand, gravel, and sllt}
locally mantled by loess on
terraces,

Important shallow aquifersj good sand/gravel deposits;
excavation easy; foundation conditions good to poorj
no tepographlic limitations for road constructiong
flood plain portions subject to recurrent inundation

3b,

Lower than fl1linolan till plain (unit
4), Dralnage s poorly Integrated;
streams are few and thelr valleys
shallow; many small closed or poorly
drained depressions., MNumerous ponds
and lakes, mostly small, shallow, and
temporary, and, in places, sallne,
especially In southwestern part, A
few loige lakes. Depressions
occupled by lakes were caused partly
by collapse after melting of stagnant
ice, by moralne~damning of earller
valleys, and by cther morainic control,
Kame hills ara common, Includes
western part of Coteau des Pralries
and the Coteau du Missourls Linear
tonal boundaries Indicating morainal
1inears are shown by dashed lines.

way to range and pasture.

BLUFFS
Highly dlssected bluffs and badlands Rangeland and wasteland, partly Predominately Plerre shale (Cre- fxcavation generally easy; foundation conditidns
of the Missourl, White, Bad, and wooded, taceous) which !s weakly resistant generally poor, except falr to good on gravel-covered
Keya Paha Rivers. Local rellef as to erosion, Upland divides locally | upland divides; widespread shrink-swell soil/rock
much as 600 ft (180 m) along the are veneered by alluvial gravel of | sonditions; potential and active landslumps In many
Missourl River. Tributarles of main early Pleistocene (7) age. Mlobrars| places; surface dralnage good, subsurface dralnage
rivers are short ravines (locally 1imestone (reslstant, Cretaceous) generally poor; severe topographic limitations for
called "breaks'), with very steep exposed In lower elevations of the road construction; areas of scenic interest.
N gradients, Llandslide features are Missouri and White River trenches.

common,

2b. Highly dissected bluffs of the James Rangeland and wasteland, Unlform- Glactal tills of late and middle
River and its tributaries. Local toned on ERTS images. Plelstocene age, thinly mantled with
rellef 100-150 ft (30-45 m). loess.

YOUNGER (WISCONSINAN) TILL PLAIN

da. End and stagnation moralnes. Level to Flelds generally moderate In size and | Thin loess over clayey till of late | Excavation easy; foundation conditions good to poorj
rolling plains with generally less regular In shape, but larger In poorly | Wisconsinan age, commonly less than [ surface dralnage good to poor, many poorly=dralned
than 100 ft (30 m) of local rellef. drained areas, where cropland gives 50 ft (15 m) thick, but locally &3 | or closed depressions; subsurface dralnage generally

much as 400 fr (120 m) thick. Also
includes local outwash-channel and
fcescontact (kams) deposits of
gravel and sand,

Ground moraine snd & few small end
moralnes, deposited by the James
River glaclal lobe in late Wijiconsinan
time, Elevations lover and local
rellef less than unit 3a (mostly less
than 30 ft, 9 m)., Smoothly rolling
plaln with broad, low divides, without
distinct morainlic ridges. Streans
dissection shallov, but better inte=-
grated than unit 3a, Llakes common,
but amaller than in unit 3a.

Similar to Jb; solls generally some-
what more poorly dralned.

Flelds moderate !n size but smaller
than In unit 3aj ragular In shape,

i1l
as much as 300
fr (90 m) thick, Some sand and
gravel outwash and {ce-contact
deposits,

Thin loers over

Loess over till of early
Wisconsinan age.

falr to poor, locally good In gravelly outwash
channels and kame hills; the outwash channels are
aquifers and they and the kame hills are good
sources of gravelj few topographie limitations for
road construction.

OLDER (ILLINOIAN

) TILL PLAIN

&,

R et o

f1linolan t111 plain, Compared with
the Wisconsinan till plaln (units 3a
and Jb), elevations are higher, local
relief 15 greater (comwonly more than
100 fe, 30 m), because the streams
are soderately sntrenched, The
drainage pattern s also denser and
well Integrated, Interfluves are
falrly narrow s=d flat to rounded,

Flelds generally larger than In units
3a and 1bj regular in shape, Some
rangaland on steeper slopes,

Ti11 of Illinolan age with a loess
mantle, over bedrock (Niobrara Pm.,
Cretaceous), Soll dralnage better
than on Wisconsinan till plain as
avidenced by lighter tones on IR
Images,

Excavation sasy; foundation conditions and surface/
subsurface dralnage generally falr to good; few to
wodarate~topographic limitations for road construction.
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Map expianation, continued.

wap umits |

LAKDFORM CHARACTERISTICS

LAKD-USE CHARACTERISTICS

SUKRFICIAL-GEOLOGIC MATERIALS

SIGNMITICANT ENVIROWRMENTAL=GLOLUGIC Aﬂllblﬂfs‘

HILLS

Su.

Driftemantled hills. Includes Turkey
Ridge (TH) and James Ridge (JR); also
called James River Highlands. These
were pre-glaclial bedrock dralpage
divides that were overridden by lce
and left with » varlable thickness
(30-200 fr, 9-60 m) of till. End
moraines are alined In concentric
bands around furkey Rlidge., Two
stresms that flow south along the
axls of Turkey Ridge probably origl=
nated as lce-marginal channels when
ice surrounded this highland,

Flalde saall to moderate In slze,
regular to Irregular in shape,
depanding on slope. Some rangeland.

Til1l of Wisconsinan age over bedrock
(Niobrara limastone and Flarre
shale, Cretaceous). Lighter tones
on IR Imagery indicate better-drained
solle then surrounding till plains.

Excavation generally easy to falrly sasy, but In
places in bedrock moderately difficult; foundation
conditions good, falr, to locally poor; surface
dralnags good; subsurface dralnage good to poor;

woderate topographic limitations for read
constructlion,

Bedrock hills, Erosional remnants,
sowe with & resistant caprock,
rising as much as 400 ft (120 m)
above surrounding plalns, Allnemsent
of the hille, the caprock, and near=
sccordance of susmits suggests that
these hills may be relicts of = late
Tartiary (7) west-sast-floving river
Aystem,

Entirely rangeland, no flalds,

Plerre shale (Cretaceous) with a
reslstant sandstone and quartsite
caprock (Ogellals Pm,, Tertlary).

Excavation moderately difficult In caprock, falrly
esasy In Plerre shale; foundatlon conditions good

on caprock, generally poor on shale, vhere shrink/
swell soll/rock conditions are common, as well as
active and potential landslumps; surface dralnage
good; subsurface dralnage gensrally poor; severe
topographic limitations for road construction; arsas
of scenic Interest,

LOESS=HANTLED

PLATEAUS

Plerre Hills, Gently rolling plein
with shallow to moderate dissection
(greater than In unit 6b) and local
rellef of 50-200 fr (1560 m).
Extensive sollan deposits have dis=
tinctive alinement orlented north-
west to southesst, revealed in the
parallel dralnage, Eastern part was
nlaclated, but no expressicon of
this 1s saen on the ERTS Imagery.

Flelds moderate to large In size;
regular In shape, except smaller and
Irregular on stesper slopes.

loess-mantled Plerre shale (Cre-
taceous), which Is weakly resistant
to sroslon. Some thin patchy glaclal
drift (of sarly Wisconsinan age)
near Missourl River trench,

Excavation generally easy; foundation conditions
good to poor; surface dralnage generally good,
subsurface dralnage falr to locally poor; soderate
to severe topographic llmitations (across valleys)
for road construction,

Benchlands, Flat to gently rolling
uplands wikh less dissection and
lover local relief (less than 100
tt, 30 =) than unit 6a, although
wlevations are higher, Interfluves
are broad and'flat. Some amail
¢losed basins. Cemanted, resistant
sediments fotm a caprock responsible
for the plateau-like surface and the
escarpmants surrounding It,

Hostly rangelsnd with some small
flalde.

.

Losss-mantled reslstant quartsite and
sandstons (Ogallala Me,, Tertlary)
capping weakly resiatant Plerre
shale (Cretaceous). Local alluvial
gravel cappings (Herrick Gravel ,
warly Plelatocene(1)) are Indlcated
by (H).

ixcavation sasy In surficlal mantle, felrly easy in
Plerre Shale, moderately difficult In caprocky
foundatlon conditions and surface/subsurface
drainage good to falr, locally poor; gravel
deposits locally; few to locally modsrate
topographic limitations for road congtruction.

Lakes and reservolrs.

Urban areas of Sloux Falls (5F), Canton (Cx), and Mitchell (1),

ERTS=1 IMAGES USED:

1043-16330 9/4/72
106316552 9/6/72
1046417004 9/5/72
1060-16491 9/21/72
1060-16494 9/21/72
1061-16552 9/22/72
1076-16382 10/7/72
1076-16442 10/7/72
1093-16442 10/26/72

1114-16500 11/14/72
1114-16302 11/14/72
118316443 1/26/7)
1168¢ 14501 1/2%/7)
124016505 3/20/73
1261-16361 3/21/73
1276-16504 4/23/1)
1295-16302 3/14/73
131316361 6/1/7)

1329-16443 6/17/73

stated othervise,

planning and operations.

Icomments on “slgnificant environmental-geologlc attributes®
refer to the surficlal deposits overiying the bedrock unless
Because of the small scale of the map and
the fact that the mapping was done by Interpreting EATS~1 Images
vithout Intensive ground surveys, these are generallzed state«
ments that suggest average characteristics for the map unitj
they are sppropriate for reglonal planning, but not for detalled
for any specific operation, detalled

fleld investigations will be required to determine ths = gin=
sering properties of Individual soll and geologle units.

;
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41.0 - GEOMORPHOLOGIC~GEOLOGIC BACKGROUND FOR THE PROJECT REGION

Figure Al.1l shows the parts of the Great Plains-Midwest for which we
prepared maps of amalytic geomorphology by interpreting SL photos, as 3 means
of evaluating the utility of these photos for such mapping. Figure Al.2 is a
portion of Erwin Raisz' Map of the Landforms of the United States, showing the
principal landforms in this region. Figure Al.3 designates (by Roman numerals)
the four primary categories of landscape in this region:

(I) In the northeast and north are relatively little-dissected drift
plains formed by the last glaciation (Wisconsinan drift plains), which have
a thick surfieial cover mainly of glacial drift; (II) to the south are more-
dissected drift plains of earlier glaciations {(Tliinoian and Kansan drift
plains), generally a cover of wind-blown silt (loess) over glacial drift of
variable thickness; (III) in the south and southeast are unglaciated, much—
dissected upland plains where surficial deposits commonly are thin or absent;
and (IV) in the west are the unglaciated central Great Plains, with highly
variable thicknesses of loess, eolian sand, and alluvium.

Throughout the region, the bedrock is nearly flat-lying and exposed only locsally,
mainly along deeply entrenched streams and in the southern and westernmost

study areas. The climate ranges from continental moist (30 to 40 inches mean
annual precipitation) in the east to continental steppe (commonly less than 20
inches m.a. precipitation) in the west.

Figure Al,1--NEAR HERE
Al.2--NEAR HERE
Al.3~~NEAR HERE

The Wisconsinan drift plains (areas I on Fig. Al.3) are near the southern
1imit of the last glaciation and were formed by several lobes of the Laurentide
continental ice sheet. The lobes reached their maximum southern limits between
about 20,000+1,000 (Lake Michigan and Erie lobes) and 14,000 (Des Moines and
James River lobes) radiocarbon years ago. These plains are underlain mainly by
clayey till with little or no cover of wind-blown silt (loess). They consist
in part of nearly level to gently undulating ground moraine (and loecally, beds
of former proglacial lakes), and in part of more or less concentric end moraines—
that rise from less than 50 feet to more than 200 feet above the surrounding
plain. Drainage is poorly integrated and stream dissection generally is very
shallow; in the northernmost study areas lakes and ponds are common. In
Illinois and in parts of other states the end moraines have been mapped in

éJThe term "end moraine” is used in this report for any ridge-like landform

of glacial drift. Some, probably most, are true end moraines (frontal moraines)
deposited by melting of ice at the edge of a former ice sheet. They may record
pulsating movements of the ice margin, including the maximum advance and
younger readvances, or they may record recessional stillstands. Other "end
moraines" may be glaciotectonic ridges formed by shearing (overthrusting) at
the base of and within the ice sheet, generally as a result of compressive

flow over a bedrock rise. Rarely, "end moraines' may be bedrock highs that are
thinly mantled by drift. Considerable ground control (especially subsurface
drillhole and/or geophysical data) gemerally is needed to establish the origin
‘of an "end moraine,"
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detail, but in many areas they are poorly kmown. Although they are relatively
young and little eroded, their relief commonly is so low that they are difficult

to distinguish on topographic maps and conventional airphotos. Thus, identification
and mapping of the young end moraines was judged to be a moderately severe test

of the applicability of the Skylab photos to geologic-terrain mapping in. parts

of the region characterized by generally low relief and by heavy vegetative

cover during the growing season. :

The older drift plains (area IT on Fig. Al.3), of middle Pleistocene
(I1linoian and Kansan) age, are so eroded and veneered by loess that little or
none of the original glacial morphology is preserved. The major streams have
trenched 30 m and, in places, 60 m, commonly through the entire surficial mantle
and deeply into bedrock. The greatest relief is along the Mississippi and
Missouri River and their main tributaries, where bluffs are common. Gently
wmdulating uplands ("prairies’) are common between the main streams.

- The unglaciated parts of north-central Missouri and eastern Kansas (area TIIX
on Fig. Al.3) are moderately deeply dissected and have a thin, local surficial
mantle on the uplands, mainly loess and colluvium. Here the lithologic and
structural characteristics of the bedrock units dominate the geomorphology.

The unglaciated central Great Plains (area IV on Fig. Al.3) are gently
eastward-sloping upland plains. Bedreck is expesed only locally, being generally
concealed by a surficial mantle of variable thickness. The mantle is chiefly
loessial (wind-blown silt) in the eastern Great Plains, but coarsens westward
into large areas of eolian sand, such as the Sand Hills of Nebraska. Perennial
streams are widely spaced, especially in the semiarid western part of the
province., Stream dissection rarely exceeds 50 m along the main streams, and
interstream upland plains commonly are wide and gently undulating to nearly
level.
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A2.0 . NORTHEASTERN MISSOURI STUDY AREA
(Interpreted by H. Kit Fuller)

A2.1 General geomorphic background

This study area, in northeastern Missouri between the Mississippi and
Missouri Rivers (Fig. A2.1), is an ancient drift plain, glaciated in Nebraskan,
Kansan, and probably (in its eastern part) in Illinoian (early and middle
Pleistocene)} time. TIts southern boundary is approximately the maximum limit
reached by the ancient ice sheets. The stream dissection is mostly subsequent
to glaciation and has resulted in a mature topography, with fairly broad valleys
and rounded ridges in most places. Thick deposits of glacial drift are
restricted to the less—eroded uplands well back from the principal streams.
Loess commonly overlies the drift. It is highly variable in thickness, tending
to thicken toward the Missouri River. Approaching the southern boundary of
the area, the veneer of glacial drift and loess becomes highly variable in
thickness and is absent in many places. Thus, a smaller proportion of this
area is underlain by surficial deposits than in areas farther noxth.

This study area is comprised of five prlﬂ"lpal landscape areas, shown in
Fig. A2.2:

Figure AZ,1--NEAR HERG
A2,2~-NEAR HERE

1. Mexico Plain. A f£flat to gently undulating upland plain, cemtral
to the study area, with widely spaced eastward-flowing streams; local
relief generally is less than 15 m, but ranges to 60 m along the deeper
valleys near its eastern limit. WNearly continuous surficial mantle over
bedrock, consisting of 2/3 to 1 1/2 m of pale yellow-gray loess over
glacial drift (middle Pleistocene) averaging about 15 m in thickness.
Extensively formed and characterized by very regular rectangular field
patterns, very few woodlands on steeper slopes. Poorly drained acid
soils limit farming to mostly wheat, corn, and soybeans.

2. Dissected uplands northeast of the Mexico Plain. Highly dissected
upland plain with fairly accordant ridge tops, some to few narrow gently
sloping interfluves, steep valley sides; 30-90 m local relief. Discontinuous
surficial mantle of loess over glacial drift, chiefly on the ridge crests
(bedrock commonly is exposed in the deeper valleys); loessic deposits
thicken and glacial drift thins toward the Mississippi River, as dissection
increases and slopes steepen. Small scattered areas of karstic (sinkhole)
topography. Mostly woodlands and pastures, on slopes tooc steep ta be
farmed; some croplands on gently sloping interfluves and narrow alluvial
lowlands. Fields are commonly small and irregular.

3. Highly dissected uplands south of the Mexico Plain. Between the
Missouri River and the Mexico Plain is a closely dissected area with
local relief commonly >60 m, increasing to locally ca. 90 m along the
Missouri River. Boundary with Mexico Plain is abrupt. Much exposed bedrocl;
local loessial cover, thickest (commonly >6 m) on bluffs near Missouri River: -
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Figure A2.2 Chief landscape units in NE Missouri study area.




maps.
this

little or no glacial drift. Slopes generally steep, few gently sloping
interfluves. WMostly woodlands and pastures, some orchards. North part
of western half of unit is underlain by commercially strippable coal.
A few small areas of karst topography. .
4. Moderately dissected hillland west of the Mexico Plain. Rolling
hills with moderate slopes, drained to south by Chariton River; local
relief generally <30 m. Cover of loess 2/3 to 3 m thick over till and
other unconsolidated materials 22-30 m thick. About 607 cropland, on
moderately to sloping uplands and narrow valley lowlands; remainder
(slopes too steep to farm) is woodland, pasture, and strip mines. Fields
generally large and rectangular. Much of area is underlain by strippable
coal or already stripped of coal; those stripped are in various stages of
revegetation. :

5. Alluvial lowlands along Mississippi, Missouri, and Illinois Rivers.
Essentially flat, moderately well drained to poorly drained alluvial and
lacustrine clay, silt, sand, and gravel with generally high water table.
Mostly 5 to 8 km wide (extreme width 24 km). Depth to bedrock more than
30 m. High risk of flooding limits unprotected areas to woodland and
pasture; grain farming behind levees. Rffects of March~June 1973 flooding
are very evident--flood scars, standing water, and water of Missouri River
still very muddy.

Figure A2.3(B) shows the coverage of this study area by published geologic
(The references shown are listed in the "References cited" section of
report.)

Fipure A2,3--NEAR HERE

“A.2 FEvaluation of Skylab photo coverage of the area

Figure A2.3(A) shows the coverage of this study area by SL photos. Following

is a detailed evaluation of the quality and utility of these photos.
Mission/  Date

Track Photegraphed Most Useful Bands (Roll and Frame Neos.), and why:

SL2 6/10/73 S190B color (roll 81, frames 185-188) are most useful
Pass 6 of all 8L photos of this area; cloud free, >60%
Track 19 _ stereo overlap, very good color balance, and very

good distinguishable detail. 'S190A color (rell 10,
frames 142-144) unenlarged transparencies are fairly
sharp, but en)argements are very fuzzy; good color,

but details not as recognizable as on 5190B. S1S0A
red (roll 11, frames 135-137) and CIR (roll 9,

frames 142-144) are somewhat less useful; red
enlargements too contrasty but show much cultural
detail; CIR emphasizes vegetation, but lacks resolution
necessary for distinguishing finer detail.
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Mission/ Date :
Traclk Photographed Most Useful Bands (Roll and Frame Nos.), and why!

5L3 6/10/73 Only about 15% overlap in all bands, and >50%
Pass 48 _ obscured by scattered clouds and cloud shadows.
Track 1 81903 color (roll 88, frames 216-218) best for

"seeing around" clouds; good detail visible and
land-use noise minimized by uniformity of vegetative
cover. Woodlands in strip-mined areas, on steeper
slopes, and along upper reaches of streams contrast
well with cropland vegetation (this contrast is
obscured in SL2 photos by land-use noise). S5190A
color (roll 46, frames 194-195) and CIR (roll 45,
frames 194-195) both show fairly well the vegetation
differences mentioned above; color has better
rendition of detail than CIR.

8L4 51908 color (roll 92, frames 114-117) are most uscful
Pass 82 of this track; although >50% snow—coverad, they are
Track 1 helpful for checking local relief and density of

. dissection; some areas of karst topography can be
seen. 9190A color (roll 64, frames 289-291) and
* CIR (roll 63, frames 289-291) are the only other
useful bands, although both are so overexposed that
only the larger terrain features can be seen; color
shows well the karst area north of 5t. Louis.

ST.4 11/30/73 8190B color (roll 90, frames 23-25) is only useful
Pass 54 roll of this track. Much is unusable because of
Track 19 ‘ clouds and haze, but remainder has excellent

sharpness of detail, color balance, and exposure.
Land-use pattern is not as distracting as in spring,
but variations are more evident than in summer;

very good distinguishability of culture and land-
surface detail. S190A coverage is much more

obscured by clouds, usually with .nder or overexposure;
enlargements generally are poorly processed and '
out of focus. '

A2.3 Interpretive procedure and results

The interpretive mapping was done on transparent overlays to enlarged
transparencies (2 X and 4 X) of the better-quality SL photos of the area
{SL2 Pass & (Track 19) 51908 and S5190A color, CIR, B/W red, and B/W farther IR
bands). The enlargements were first viewed singly on a light table without
magnification, and then using 7 X and 20 ¥ comparators. After location of
major features and urban areas, and cursory examination of 1:250,000 topographic
maps of the area, the same frames were studied stereoscopically, using an 0ld
Delft scanning stereoscope, under 1.5 X and 4.5 X magnification. Most delineation
of landscape-unit boundaries was done while examining frames in stereo, referring
to topographic maps (1:24,000, 1:62,500, apd 1:250,000 scales), geologic maps
and reports, and U-2 and WB57 airphotos for ground control.
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Figure A2.4a illustrates a typical overlay map for a 4 X enlargement of
a 8190A color-infrared transparency; and Figure A2.5a shows an overlay map
for a 2 X enlargement of a S190B color tramsparency. Figures A2.4b and A2.5b
are strip maps prepared as overlays to several S190A or S190B frames covering
the entire study area.

Figuré AZ2,4a-—NEAR HERE
42, 4b—--NEAR HERE
A2.5a-—NEAR HERE
A2, 5b—-NEAR HERE

When drawing boundaries between major land-surface types a hierarchy of
distinguishability emerged. Tirst, major river lowlands were differentiated;
second, the Mexico Plain was delimited from the more strongly dissected areas
surrounding it; then finer distinctions were made within the major units based
on variations in land-use patterns, differing soil-moisture conditions,
differences in vegetal color and reflection, and information gleaned from
examination of various kinds of ground control and Skylab photos from other
flights. :

A2 .4 General evaluation

The most useful photos were the 2 X enlargements of SL2 Pass 6 (Track 19)
S190B color, and the & X enlargements of S190A color, CIR, and B/W red. The
SL4 photos would have been very useful had they been properly exposed and the
enlargements not out of focus. Also, the SL3 Pass 48 (Track 1) photographs
would have been more useful with 60 percent overlap, because stereoviewing
would have lessened the obscuring effect of the scattered clouds, permitting
viewing the ground "through" them. Although stereoviewing did yield more
information on the land-surface features than viewing singly, all the SL photos
provide too little stereorelief to permit good estimates of the local relief,
In other words, greater exaggeration of relief would have been very helpful,
because relief is a major factor in geomorphic mapping. The amount of local
relief almost always was underestimated (both with the 0ld Delft stereoscope
and with the Kern plotter), and had to be corrected by checking with 7 1/2-
minute or 15-minute topographic maps. At best, in the sharpest photos viewed
under 4.5 to 5 X magnification, relief could be estimated within about 10 m;
usually, however, without familiarity with local ground conditions, local relief
could not be estimated more closely than about 30 m. Steep slopes are
recognizable partly because of land-use changes, but their relief uspally was
underestimated; on the other hand, gentler slopes were seldom noticeable,
especially if no significant change in land use occurs at the breaks iIn slope.

A major problem with mapping on the SL2 Pass 6 (Track 19) photos is their
great amount of land-use '"noise"-—information mainly from farming praciices
that distracts from or obscures information on geomorphology. The stroag
contrast of mewly-plowed fields with adjacent fallow or vegetated fields
distracts from the subtle tonal differences that indicate changes in topography,
soils, or natural vegetation. In many cases, the boundaries of landscape units
were mapped incorrectly on the SL2 Pass 6 (Track 19) photos, but later corrected
after checking photos from later missions. Als: rhe distribution of woodlands
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is less reliably informative on topographic detail than it is in some other
areas. In regions of generally well-watered productive soils, such as central
Illinois (see Appendix article A5), the woodlands are mostly restricted to
valley slopes too steep to farm, although narrow 'riparian'" woodlands also are
present along streams subject to frequent flooding. In northeastern Missouri,
woodlands occur not only along the steeper valley slopes but also in areas of
infertile, highly acid, or poorly drained soils (which can be present in upland
summit areas)--thus, their distribution does not necessarily indicate the
pattern of steep valley slopes.

Another conclusion reached in evaluating the mapping in northeastern
Missouri concerns the limit of our mapping capability. With S190B enlargements
(at approximate scale of 1:475,000) of optimum photographic quality, map scale
should be no larger than 1:250,000; with good quality S190A vniargements, map
scale should be no .arger than 1:350,000. The maximum scale of accurate mapping
depends primarily on the amount of detail distinguishable in the photos; thus,
with the infra-red films (with lowest resolution) the largest feasible map
scale is about 1:1,000,000. These scales reflect both the detail discernible
from the Skylab photos and the general accuracy of our mapping methods.

Greater mapping accuracy could be achieved with better photogrammetric equipment,
but this was not available for most of our work. With best-quality S190B
photographs and the best stereoplotters, mapping accuracy would not warrant a
scale larger than 1:200,000.
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A3.0 SIOUX FALLS STUDY AREA, SOUTH DAKOTA AND IOWA
A3.1 Geomorphic setting

The Sioux Falls study area is basically a plain mantled
with glacial drift. The drift commonly is less than 30 m thick, but in one
place exceeds 145 m. Several major topographic features controlled by the
underlying bedrock surface have influenced the directions of glacial flow
and the distribution and type of drift. The James River lowland (map unit 1
on Fig. A3.1) provided a channel for the main southward ice movement. Bordering
this lowland are moderate hichlands of bedrock thinly mantled by drift: the
Coteau des Prairies on the east (map unit 2); which extends from North Dakota
to northwestern Iowa; and two much more local topographic features, Turkey
Ridge (map unit 3) and James Ridge (map unit 4).

The exposed drifts are of three major age groups (Tables A3.1 and A3.2):
Illinoian, early Wisconsin, and late Wisconsin. The late Wisconsin drift is
by far the most extensive; its drift plain makes up >607% of the area. Three
morphogenetic types of this drift are recognized: ground moraine, end moraine,
and stagnation moraine. The older drift plains, however, cannot be subdivided,
both because of the effects of weathering and erosion, and because the surface
exposures are not extensive enough to show major differences in morphology.

Figure A3.1---NEAR HERE
Table A3.1--NEAR HERE
A3.2--NEAR HERE

The Illinoian drift plain is conspicuously light toned in the color
photos because of the thick, pale yellowish gray loess mantle that is widely
exposed in the uplands. It also is light toned in the CIR and B/W IR bards
because the loessial soils are well drained. The Illinoian drift plain also
is somewhat higher than the adjoining younger till p.ains; local relief is
greater, commonly more than 30 m; and its stream pattern is denser and well
integrated. It has a distinctive topographic grain of parallel, narrow,
similar-sized ridges alined northwest-southeast, that probably originated from
wind erosion and/or deposition. It is crossed by several wide valleys that
contain glacial outwash terraces of Wisconsinan age, namely, the valleys of
Big Sioux River, Skunk Creek, Split Rock Creek, and Beaver Creek. Along the
northern margin of the I’linoian drift plain a few smaller south-trending
outwash channels of Wisconsinan age also can be identified on the Skylab photos.
The southern boundary of this drift plain is mostly quite distinct on the
SL photos, but the western and northern boundaries in places are indistinct
and gradational with the adjoining Wisconsinan drift plains.

The early Wisconsinan drift plain adjoins the Illinoian drift plain to
the north. In Skylab color photos it is evenly dark-toned, highlighted by
a series of light-toned discontinuous ridges that trend northwest-southeast
and lie near and parallel to the boundary with the Illinoian drift plain.
Dark-toned flat lowlands separate the ridges. The drainage is moderately well
integrated and local relief is less than 20 m. The boundary with the late
Wisconsinan drift plain generally is indistinct on all Skylab photos.
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Table A3.1. Distinguishability of landscape units in the Sioux Falls study area on S190A and S190B photos from various Skylab missions.
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Table A3.2.

Characteristics of landscape units in the Sioux Falls study area identifiable on

Solor—infrared and S190B photos
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The late Wisconsinan drift plain is mostly dark toned in color photos,
though in places somewhat variable in tone. Within the James River lowland
it is mostly gently undulating to nearly level, with local relief less than
10 m, although in small areas relief attains 20 m and even (rarely) 30 m.
Streams are relatively few and undrained depressions numerous.

The late Wisconsin drift plain has the least well integrated drainage
system and the widest morphological variety: ground moraine, end moraine,
stagnation moraine, and outwash plains and channels. The differences between
ground, end, and stagnation moraines can be noted in topography, drainage,
land use, and tonal variations on different bands. Ground moraine has a
dark, even tone, a manifestation of its low local relief, poorly integrated
drainage, and widespread poorly drained soils. End moraines usually appear
on the photos as discontinuous areas of medium dark tones with light-toned
elongate mottles; topographic maps show the end moraines as discontinuous
gently rolling low hills with fairly well integrated drainage. Stagnation
moraines have very poorly integrated drainage, which shows on the photographs
as an over-all dark tone, locally on the steeper, better-drained slopes mottled
with randomly shaped, sized, and spaced lighter tones.

Other features mapped from the photos are outwash channels and plains,
steeply sloping gullied river bluffs, urban areas, and geologic linears; also,
in areas with adequate S190B coverage, river terraces.

A3.2 Coverage by Skylab photos and topographic and geologic maps

Coverage of the Sioux Falls 12 x 2° quadrangle is limited to the following
flights: SL2 Pass 6 (Track 19), SL2 Pass 7 (Track 33), SL3 Pass 31 (Track 30/16),
S8L4 Poss 54 (Track 19), SL4 Pass 85 (Track 19), and SL4 Pass 83 (Track 30) and
is shown in Fig. A3.2(A). SL2 Pass 6 (Track 19) covered only a little of the
SW corner of the study area. One hundred percent cloud cover over the northwest
third of the quad restricts the otherwise excellent SL2 Pass 7 (Track 33)
coverage to the eastern two-thirds of the quad. SL3 Pass 31 (Track 30/16)
covered the northwest half of the area (although there are scattered clouds in
the extreme northwest corner and haze over 75% of the remaining area); the S190B
(with high resolution B/W film) has 60% overlap and is much more useful than
the S190A which has only 10% overlap. SL4 Pass 54 (Track 19, November, 1973)
covers only a tiny part of the SW corner; SL4 Pass 85 (Track 19, January, 1974),
shows more of the southwest corner but is 607% snow-covered, and the snow-covered
areas are badly overexposed; SL&4 Pass 83 (Track 30) covers much of the study
area, but it has 100% snow cover and is so overexposed that it is essentially
useless. Useful coverage was therefore limited to SL2 Pass 7 (Track 33), SL3
Pass 31 (Track 30/16) S190B (although S190A was studied without stereo to
compare film qualities), and SL4 Pass 85 (Track 19, January, 1974). Obviously,
our comparison of different bands at different seasons could have been much
more complete if the SL3 Pass 31 S190A films had had more stereo overlap, and
if SL4 snow-covered photographs had been properly exposed.

Part B of Fig. A3.2 shows the coverage of the Sioux Falls 19 % 2" quadrangle
by 7 1/2-minute topographic quadrangle maps, and part C shows the coverage by
published geologic maps.

Figure A3.2--NEAR HERE
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A3.3 Interpretive procedure

To familiarize ourselves with the area we first compiled a land-surface-
form map of the Sioux Falls 1° x 2° quadrangle from available 7 1/2-minute
topographic quadrangle maps (Fig. A3.3). We examined SL2 Pass 7 (Track 33)
S190B frames 81-315 to 81-317 (unenlarged) with a Kern PG-2 stereoplotter;
this phase of the study produced a map of analytic geomorphology at 1:250,000
- scale (Fig. A3.4). Then S190A and S190B enlargements were studied with an
01d Delft scanning stereoscope, and analytic geomorphology was mapped on
transparent overlays (at photo scale). Copies of these overlays were sent
to the South Dakota State Geological Survey where they were analyzed for
accuracy of boundary delineation and map unit classification. With this
additional "ground control" the final copies of the overlays were produced
(Figs. A3.5 and A3.6).

Figure A3.3--NEAR HERE
A3.4--NEAR HERE
A3.5--NEAR HERE
A3.6--NEAR HERE
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ORIGINAL PAGE IS £y
OR-ROOR-QUALITY

ATTRIRUTES TDENTIFTARLE ON SEYLAR m'n'rnr'mxvc

= LANDFOR! CHARACTERISTICS §0711, CUARACTERISTICS SURFICIAL-
a Stream dissection GEOLOGIC
UNITS { Gravel
_Land-surfa‘ce Local relief Surface Soil DEPOS}?S Topographic | Shallow ground availabili
form symbolls) (meters) Density | Pattern] Interfluves Color Drainage limitations |water availabilqt. quality
1 Ala, v, VE <10 - NA - Dark Poor-fair Alluvial clay, silt, 3 3

sand, gravel

1o Ala, V, Vf <10 Low NA - Dark Poor-fair Alluvial sand and 3 3 3
. gravel, some silt
1c At, Ala, Alb <20 == . INA - Medium Fair-very Alluvial sand and 3 3 3
good gravel, some silt :
2g Ala, Alb, <30 Low Deranged| Wide, flat Dark Very poor- Ground moraine. 3 1-3 1,2

Bla, Blb fair : Clayey till--
£ : . unsorted clay, silt,
sand, gravel, and

boulders
2s ¥2b, Clb, C2b 15-30 Low Do. Very wide, Dark w/ |Very poor- Stagnation moraine. 253 1-3 1, 2
- ¥ irregular light very good Clayey till-- i
topography mottles unsorted clay, silt,
: sand, gravel, and
boulders
2e Cle, C2c 15-30 Low ° Do. Rounded Medium w/| Fair-very End moraine. 2, 3 1-3 1, 2
p light good Unsorted clay, silt, !
mottles sand, gravel,
boulders
2m Ala <20 Medium |Den- Flat . Dark Fair-very Loess, commonly 3 1-3 1. 2
dritic good several m thick, .
over somewhat
leached till like
above
3c Cle, C2c <30 Medium | Trellis | Rounded Dark- Poor-good Unsorted clay, silt, 2 2 2
medium gravel, boulders
bce C3e, C3d, 30-60 Medium |Trellis| Some rounded, | Medium- Fair-very Unsorted clay, silt, 1 1, 2 3.2
D2d, D3d some flat light w/ | good sand, gravel,
light boulders
. mottles
Gel o jiC2e 20-45 High Pseudo—| Many flat- Light Fair- Loess, commonly 1 2 Ly:id 1
rectan-| topped, excellent several m thick, 3
gular rounded edges over weathered and
leached clayey till
4d c2d 20-45 Medium peranged| Rounded Medium Fair- Do. 1, 2 ;2 1
excellent
4dl cad 20-45 tigh Pseudo-| Some flat- Very Do. Do. X 2 1;:2 1
= rectan-| topped ridges | light 3
gular
7a Ble, Cld, <30 Very Semi~ Few to no rJDar!-: Excellent Variable 1 1 1
Dlc, D1ld, Dle s high par- gently slopin
(gullied) allel interfluves
75 c2d, D2e, 30-60 Do. Do. Do. Medium Do. Variable, commonly e | 1 1
D2d, D2e like 4cl; bedrock
i: exposed locally
7c D3c, D3d, >60 Do. Do. Do. Medium Do. Do. 1 1 1
D3e, Dée
- C2c, C2d 15-45 Low Radial | = Medium- Excellent Kame--sand, gravel, i 3 2
: light boulders -
P':_‘ cial Symbols . §

U = Urbanized (built-up area)
M = Quarry
W = Lake or pond
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Figures A3.4, A3.5, and A3.6. Explanation for analytic geomorphology maps of the Sioux Falls, S. D., study area.

O—

ENVIRONMENTAL-GEOMORPHIC/GEOLOGIC LIMITATIONS (Rating system:

l=severe limitations; 2=moderate limitations;

3=few limltations.)

i Gravt.zl oot Constriuction Drainane Waste Disposal Special
pund availabilicy/ availability/ Ease of Soil Eredibilicy | Sanitary | Sewsge § Septic or at
pbility quality quality BFlope stability | Foundations l:xcavation [Roads }Surface ](internal) landfills | lagoons tanks
: 2,-3 1 Y2 1,2 3 3 1,58 2 i ¢ 3, 2 173 1-3 1-3 Commonly subjel
near streams;
table in man
3 1 1, 2 2, 3 3 3 3 3 2, 3 3: 2 1, 2 3 Do.
3 1 12 oy 3 3 3 3 3 23 15:2 1, 2 3
1, 2 1 2 1-3 3 3 1,2 1,2 2, 3 2,3 2,3 1, 2 | poorly draine
places.
1, 2 1 2 1-3 3 3 1-3 1,2 z2,3 23 2, 3 s Dot | Do.
3.2 1 2 1-3 3 2, 3 3 3 A - 1, 2 T 2, 3 Yy 2
p iy . 1 2 2 o3 3 2, 3 1, 2 3s.3 3 233 1, 2
2 1 2 e -3 3 2 3 b 2 2.3 2;-3 1,2
1 1,2 1 2 2,3 3 1 3 1, 2 12 2, 3 2.3 41,3
2 1 1 2 2, 3 3 2.5 3 1,2 2 2 2 253
2 1 1 2 2,:3 3 2;3 3 T2 3.2 2 2 2, 3
2 1 1 2 2,3 3 7,3 3 1,2 ¥ 2 2 2 2, 3
1 1 253 2, 3 1 3 2, 3 p 2 2 2
1 3 253 2:-3 1-3 1 3 2,3 1 2 2 2
1 3 3 3 2y 3 1-3 1 3 2,3 1 2 2 2
| 3 1 152 23 3 1 3 3 2 1 1 3 Good source of
i
j
e




Sioux Falls, S.

D., study area.

Explhiwation for Fias. 34, 3.5 awd A3 EQLDOUT FRAME.

ns; 2=modcrate limitations; 3=few limitati

ons.)

Waste Dispos

al

mape
1 b1 Remarks
Soil Eredibilicy | Sanitary | Sewege I Septie SP:‘:’-:t:};igu:::s
(internal) andfills | lagoons | tanks
1,2 1, 2 13 1-3 1-3 Commonly subject to flooding Young valley lowlands--flood plains and lower streum terraces of Holocene
near streams; high water and in places of Wisconsinan age.
table in many places.
3 2,3 1,2 1, 2 3 Lo, ' Glacial outwash terraces, channels, and plains of late Wisconsinan age.
3 2,3 1,2 1, 2 3 Stream terraces, mainly of Wisconsinan age.
1,2 2, 3 2,3 2,3 L, 2 Poorly drained depressions in | Ground morazine of ldte Wisconsinan age. Nearly level to gently rolling
places. plains, some poorly drained depressions, marshes, ponds, and lakes.
1, 2 Z 3 2,3 2,3 1,2 Do. Stagnation moraines of late Wisconsinan age. Gently rnlling plains; many
poorly drdined depressions, marshes, ponds, and lakes.
1,2 1,2 42' 3 1.2 End moraines of late Wisconsinan age. Low ridges, mostly gently sloping,
‘ in places discontinuous. ’ :
1,2 2,3 2,3 2,3 1,2 Gently rolling ‘drift plain of early Wisconsinan age covered with late
Wisconsinan loess; drainage generally well integrated.
1,2 - 2,3 2,3 1,2 Topographically similar to Illinoian drift plain (4cl) but much darker
toned and slightly subdued relief.
1,2 1, 2 2,3 2, 3 1, 2 ¢ Highest end moraines of late Wisconsinan age (surrounding Turkey Ridge).
1,2 1, 2 2 2 253 Illinoian drift plain. Weathered clayey till mantled generally with
several m of late Wisconsinan loess. Well dissected upland plain.
Lynd 3, 2 2 2 2, 3 .
1,2 1,2 2 2 2,3
2',3 1 2 2 2 Bluffs. Onits 7b and 7c generally have, at top, several meters of loess
over weathered clayey till of Illinocian age over Sioux Quartzite (exposed
locally). ;
2, 3 b § 2 2 2
2s 3 ) ! 2 2 2
3 2 1 1 3 Good source of sand and graveld Glacial kames (gravelly hills).

84 (p. 85 ouitied)




A4.0 NORTHEASTERN NEBRASKA-WESTERN IOWA STUDY AREA
A4,1 Geomorphic setting

The northeastern Nebraska-western Iowa study area consists of two primary
landscape units: on the east, an ancient drift plain, glaciated repeatedly
in early and middle Pleistocene time, and subsequently mantled with loess and
related deposits (commonly 2 to >30 m thick) and also considerably dissected
by streams. Some of the higher stream divides appear to be remmants of end
moraines of the former glaciers. On the west, beyond the glacial limit, are
loess-mantled plains that grade westward into the eastern fringe of the Nebraska
Sand Hills. Summit elevations of the loess plains are at different altitudes,
possibly because of Quaternary tectonism. The higher plains tend to be much
dissected, although gently sloping to nearly level interfluves and summit
plateaus are preserved in many places (the larger ones are shown as unit 2 on
the analytic geomorphology maps); they appear to be remmants of ancient loess—
depositional surfaces of low relief.

Comparatively young wind-erosion features range from deflation hollows
and plains (near the Sand Hills) to parallel deflation furrows that trend
northwest-southeast. The latter are conspicuous on SL photos in some places
east of the Sand Hills, particularly in the northwestern part of the main
part of the study area (Fig. A4.3).

A4.2 Useful coverage

The only coverage of the western part of the study area, in the Broken
Bow 1° x 2° quadrangle, that is stereoscopic, relatively cloud-free, and of
fairly good photo quality is by SL4 Pass 83 (Track 30) S190B (frames 93-095
to 93-097). These photos are somewhat cverexposed but were used to prepare
Fig. A4.2. (The S190A photos from this flight are so badly overexposed as
to be unusable.)

The eastern part of the study area has high-quality coverage by both S190B
and S190A photos from SL2 Pass 6 (Track 19); also the northwestern part of its
northern half (parallel with the SL2 Pass 6 coverage) is covered by cloud-free
photos from SL4 Pass 85 (Track 19, 1-18-74). The SL3 Pass .7 [Track 30/44)
flight crossed the area from southwest to northeast, but the photos were
taken at the height of the growing season and have only 10-15% overlap (hence
are non-stereoscopic), so are much less useful than the others.

-

A4.3 Interpretive procedure and results

A land-surface form map (Fig. A4Z.l1) of tle Fremont 1° x 2° quad-
rangle was first prepared from 7z-minute toporraphic quadrangles by
the method described in section 7.7, to serve as a convenient basis
for evaluating the results from interpreting SL photos to map the
geomorphology of part of this quadrangle, as discussed in connection
with Figures A4.3a and A4.3b.

Figure A4.1 neér here
88
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This study area (and some adjoining areas) was used as a training area
for various interpreters on the project and for determining the most feasible
methods of mapping and map-unit classification. All the methcds discussed in
section 7.3 were used, and photos from all SL flights and bands over the area
were examined. We prepared analytic geomorphology maps of most of the Fremont
and Sioux City 1° x 2° quadrangles and of parts of the Broken Bow, Omaha,
0'Neill, and Nebraska City quadrangles. These maps are not included here,
partly éecause of space limitations and partly because much of the early
interpretive mapping was relatively generalized and its detail and accuracy
do not warrant reproduction at the 1:250,000 scale of the base maps we used
(Figure A4.2 is an example). However, we hope later to revise and compile the
information from these maps for a regional map at 1:500,000 scale, as a project
under the USGS EROS Program.

Figure A4.3a is a geomorphic-map overlay to a 2 X color enlargement of
S190B frame 81-170 from SL2 Pass 6 (Track 19), covering the vicinity of Omaha,
Nebraska. It was prepared by viewing adjoining S190B stereopairs from this
flight through an 0ld Delft scanning stereoscope unde: 4.5 X magnification.

It illustrates the basis of the strip map (Fig. A4.3b) that combines the
results from analysis of five S190B frames from this flight (shown at the
scale of the 2 X enlargements).

The znalytic geomorphology map of part of the Broken Bow 19 x 2° quadrangle
was prepared entirely by viewing and interpretation in a single process using
a Kern PG--2 stereoplotter (Fig. A4,4Y. It was made to test the feasibility
of relatively detailed geomorphic mapping from somewhat overexposed S190B
color photos (unenlarged) of entirely snow-covered terrain. In spite of the
overexposure of the photos and relatively high sun-elevation angle, the chief
terrain det.ils could be distinguished--commonly more successfully than with
snow-free phoiros (on snow-free photos, distracting noise from land-use patterns
commonly hinders geomorphic inteupretation). Because of the washed-out
character of the SL4 photos, their illumination in the Kern plotter had to
be reduced to the minimum possible.

Figure A4.2--NEAR HERE

Figure A4.3a--NEAR HERE
A4.3b--NEAR HERE
Figure A4.4-NEAR HERE
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Frgere A4.2. ANALYTIC GLOMORPHULCGY MAP

P

EXPLANATION

Valley lowlands (flood plains and low stream terraces)

Undifferentiated valle lowlands

Holocene flood plains

Lowest terraces of Wisconsinan age

Upper terraces of Wisconsinan age

Sand dunes, undifferentiated

Loess-mantied plains beyond the glacial limit

Loess plains, flat to gently sloping, without appreciabl entrenched
stream valleys; local relief 75 - 150 ft (23 - 45 meters).

T I RS H R AR BEITRL A TR I B e LI S0

Loess plains, moderately dissected with man §ent1 sloping interfluves
and many valieys; local relief 75 - 150 ft {2 - 45 meters).

Loess plains, moderately dissected, with few to many gently sloping
interfluves; local relief 150 - 225 ft (45 - 68 meters).

Glacial-drift plains of middle Pleistocene age

Drift plains with loess mantle of variable thickness, moderately dissected
with many gently sloping interfluves; local rellef 75 - 150 ft (23 - 45 m).

Like above but local relief 150 - 225 ft (45 - 68 meters).

Bluffs, highly dissected, no gently sloping interfluves; local relief
75 - 350 it (23 - 105 meters).

Urban areas

Main geologic linears

72
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ATTRIRUTES JDE! FIABLE ON SKYLAR PROTOnRnRsTUS £l
LAKDFORM QUABAC SOIL _CHAPACTERISTICS SURFICIAL- -
ﬁ?ﬁs m dissection GEOLOGIC Crovel
o Land-surface | Local relief Surface Soil DEPOSITS Topographic | Shallow ground aviilabl
torm symboll) (meters) Density | Pattern) Interfluves Color Drainage limitations |water avatlabllity qualig
1 Ala < 15 —-— -— —— Light= Poor to Alluvial s'lt, clay, k] ] 2,3
dark good sand, gravel
1f Ala <5 -—- -— -—- Medlur= | Fair to Do. 3 3 2.3
dark poor
1t Ala, < 15 -— - — Light Fair Do. 3 2,3 3
Alb, Bla medium to good
21 Ala, Generally Sparse Pendritic Very wide, Mosfly Poor to Late Wisconsinan 3 1,2 1
Alb < 15 gently sloping|light, in good loess, locally over
to nearly levd] places older loess, and in
modium to places east of
dark Columbus=-Norfoii,
over glacial drift
31 Ba, Generally Sparse- Do. Rounded to lostly Fai: to Do. ;3 2 1
Rlb < 20 medium flat light good
bel Cle Generally Medium Do. Many flattish Light= Good Do. 2 1;2 1
< 30 interfluves medium
4dl Cld, Generally Fairly Do. Some flattish Do. Good Do. 1.2 L2 1
Dld < 30 high interfluves .
5cl C2c, 30-60 Do. Do. Many flattish Do. Good Do. 1,2 1,2 1
D2c interfluves
5d1 cad, 30-60 High Do. Some flattish Do. Good Do. Y, 1,2 1
D2d interfluves
Sel D2e 30-60 High Do. |Few flateish Do. Good s 1,2 1.2 1
interfluves
ocl Dic > 80 High (flendritig Many flattish | Medium- Fair to Late Wisconsinan 1,2 2 1,2
interfluves light good loess, commonly over
older loess, and in
places over glacial
drift.
6d1 D3d > 60 High Do. Some flattish Do. Good Do. 1,2 2 1,2
interfluves
bel D3e > 60 Hign Do. |Few or no Do. Do. Do. 1.2 2 1,2
flattish
interfluves
7a Cle < 30 High A5 Do. Do. Do. Do. 1 1 1
7b C2e, C2d; 30-60 Very - Do. Do. Do. Do. 1 1 T
D2c, D2d high
ic c3d, D3d, > 30 Very —-— Do. Do. Do. Do. 1 1 1
D3e high
8u Blb, B2b, Commonly Low -— -— Light Very good Eolian sand 1.2 3 1
Clb, Clc > 15,
generally
< 30
8m Blb, Clb Generally Low — — Do. Do. Do. 2 3 1
< 20
8i Generally Low - -— Do. Do. Do. 2,3 o 1
< 15
8id Generally Low —— -— Do. Do. Do. 2,3 3 1
< 1§
Bie Generally Low - -— Do. Do. Do. 2,3 2 1
< 15 J E
8d < 15 Low ——— — Do. Do. Fairly continuous 3 3 B

cover of eclian
sand

Special symbols

UsUrbanized (built-up) areas

'Hr"-geo}ugic linear

14
“mgeolegic linear (eolian)
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ENVIRONMENTAL-GEOMORPHIC/GEOLOGIC LIMITATIONS (Ratinp system.

l=gevere limitations;

Zemnderate limitations:

3=Crw limitations.)

Gravel %ock Constrictinn rainape wacte Disposal
) Special proble
availability/ availability/ Ease of Seil Erodibility | Sanitary | Sewage | Septic ar attribute
(3% quality quality ilope stability | Foundatiuns kexcavatlon |Roads |Surface |(internal) idfillo § Lacoons tanks«
2,3 ; 4 1-2 1-3 3 3 1-3 1-3 1-2 1-3 2-3 1-3 Commonly subject to £
i near stroams: high wa
in many nlaces.

2.3 1 1-2 1-3 3 3 i-2 1-2 1=2 1.2 2-3 142 Large parts are subje
flooding, except whe
tected by flood=cont

3 1 2,3 2,3 3 3 2-3 3 2-3 2 2 2.3

E 1 1 3.3 2.3 3 3 1-3 1,2 2,3 2 2 2

1 1 2,3 2,3. 2v3 2,3 3 2,3 1,2 2 2 2

1 1 1-3 2 3 2 3 33 1,2 2 2 2

1 1 1-3 2 3 ) (%4 3 2,3 p § 2 2 2

1 1,2 1-3 2 3 152 3 2,3 1,2 2 2 2

1 1,2 1-3 2 3 1,2 3 2,3 1 2 2 2

| 1,2 1-3 2 R 1,2 3 2,3 1 2 2 2

1,2 1 2 2 3 1,2 3 2 1,2 2 2 2

1,2 1 2 2 3 1,2 3 2 1 2 2 2

1,2 1 2 2 3 1,2 3 2 1 2 2 : 2

1 1 1-3 2 - 8 | 1,2 3 2,3 1 1 1 1
1 1,2 1-3 2 2:3 1 3 2,3 1 1 1 1
1 1.2 1-3 2 253 1 3 243 1 1 5 1
7 1.2 3 3 1 2 2 3 Poorly consclidated sa
s e ! 2 . liable te wind erosiond
1 1 1 2 3 2 3 3 1 2 2 3 Do.
1 1 1 2 3 2,3 3 3 1 z 2 3 Do.
3 1 1.2 2 3 2,3 3 3 1 2 2 3
1 1 1 2 3 2,3 3 3 1 2 2 3
1 1 1,2 2 3 3 3 3 1,2 2 2 3
FOLD UL FRANEZ
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northeastern Nebraska studv are s
.

fons; Zemnderate limitacrions: d=fowv limitations.)

iinape wivie Disposal
Special problems Remarks
Soil Erodibilicy | Sanitary | Sewage | Septic ar attributes
(tnturqul) andfills § lacoons tanks
1-3 1-2 1-3 2-3 1-3 Commonly subject to flooding Valley lowlands, undifferentiated. Flood plains of Holocene age and
i near stroams; high water table] lower stream terraces.

in many nlcces.

1-2 1=2 1,2 2-3 L2 Large parts are subject to Flood plains of late Holocene age (including but not restricted to
flooding, except where pro- modern flood plains).
tected by flood=-control levees

3 2-3 2 2 253 Stream terraces, mainly of Wisconsinan age, including some glacial
outwash terraces.

1.2 2,3 2 2 2 Gently undulating uplaud plains, underlain by loess of late Wisconsinan
age, locally by older loessic deposits, and east of Columbus-Norfolk,
by glacial drift of middle and early Pleistocene age.

2.3 1,2 2 2 2 Gently rolling hills, generally covered by loess, locally (east of
Columbus-Norfolk) over glacial drift (middle and early Pleistocene).

2,3 1.2 g 2 2 Hilly wolands with local relief generally < 30 m, many near. ' level to
gently rolling interfluves; mantled by loess, in places (east of
Columbus-Norfolk) over glacial.drift (middle and early Pleistocene).

2.3 1 2 2 2 Like above, but'fewer flattish interfluves.

2.3 1,2 2 2 2 Moderately deepiy dissected uplands with many flattish interfluves;
surficial deposits like above.

2,3 1 2 2 2 Like above; some flattish interfluves.

2,3 1 2 2 2 Like above; few to no flattish interfluves.

2 1,2 2 2 2 Deeply dissected uplands, gererally mantled with late Wisconsinan loess,
in places over older weathered loess, and/or glacial drift (middle a.d
early Pleistocene).

2 1 2z 2 2 Do.

2 1 2 2 2 Do.

2,3 1 1 1 I Bluffs < 30 m high.

5 3 1 1 1 B Bluffs 30-60 m high.

Ly

2,3 1 1 1 1 Bluffs > 60 m high. 5

3 1 2 2 3 Poorly consolidated sand, very| Dune fields, mainly of U-shaped (longitudinal) dunes, commonly higher than

liable tc wind erosion. 15 m; active dunes, and blow-outs in places

3 1 2 2 3 Do. Dune fields with mixed low dune forms (< 20 m) partly longitudinal, partly
irregular, commonly poorly developed, mostly stabilized.

3 1 2 2 3 Do. Irregular dunes, generally < 15 m high, mostly stabilized.

3 1 d 2 3 Like above but dunes commonly indistinct and scattered on plain with
discontinuous cover of eolian sand.

3 3 1 2 2 3 Irregular dunes, generally indistinct (eroded), < 15 m high, stabilized.
2 ] 3 Deflation hollows and plains, commonly with scattered low cCanes,
3 1,2 N generally < 15 m high.
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A5.0 MAPPING ILLINOIS GEOLOGY FROM SPACE—/

Jerry A. Lineback
Illinois State Geological Survey

A5.1 Geology of central Illinois

Skylab 2 photographs were taken on Pass 7 (Track 33) in a diagonal band
across Illinois on 11 June 1973. This band extends from Rock Island to Terre
Haute, Indiana. These photographs have been put together in a mosaic and
geological interpretations based on S190B color photographs as presented in
Figure A5.1, at the same scale as the 2 X enlargements

Figure AS5.1--NEAR HERE

Geologic units shown are:

¢ — Cahokia Alluvium, silt, sand, and fine gravel deposited in
modern flood plains, often overlies outwash.

sm — Strip mines, spoil piles and disturbed areas due to coal strip
mining and in places to rock quarrying or gravel pits.

hm — Henry Formation, Mackinaw Member, gravel, sand and silt; glacial
outwash deposited along major rivers leading away from the area
of Wisconsinan glaciation; also terrace remanents of valley
train deposits of this glaciation.

ec — Equality Formation, Carmi Member, clay and silt; lacustrine
deposits in glacial and pro-glacial lakes of Wisconsinan age.

wt — Wedron Formation, undifferentiated Wisconsinan tills.

wte — Wedron Formation, tills with morainic topography, elevated,
rolling and with better soil drainage.

gt — Glasford Formation, undifferentiated tills of Illinoian age;
includes Vandalia, Radnor, Hulick, and Kellerville Till Members.

gh — Glasford Formation, Hagarstown MemLer, gravel, sand and gravelly
till in kames and esker-like crevasse filling deposits on the
surface of the Illinoian till.

The moraines and other geologic features are labeled, as are the major
towns and airports. For orientation, interstate highways are also shown.
Several features will be discussed individually.

1
—jDr. Lineback has published a similar but somewhat more detailed report

on the utility of ERTS-1 images and Skylab photographs for mapping geology
in Illinois (Lineback, 1975).
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Wisconsinan moraines

Several Wisconsinan "end" moraines appear on the photos and have been
labeled. Moraines are not as evident on the S190B photos as on S190A photos,
particularly the color IR photos. One possible new moraine extends southwest
of Champaign towards Sullivan. The Shelbyville Moraine is marked by a prominent
front, but its backside is poorly differentiated.

Surface features of the Wedron tills
Parallel drainage on moraines

Unique fine parallel lines appear on the backside of several
moraines in east central Illinois and are not observed elsewhere. They are
best developed on the backside of the West Ridge Moraine south of Champaign
and on the Arcola Moraine around Glacial Lake Douglas. These features are
presently small stream courses which may occupy grooves left by the glaciers.

Micromoraines?

Closely spaced, sub-parallel, curving, and narrow ridges of drift
occur southeast and south of Champaign and may represent micromoraines.

Circular and linear features

Circular and linear features, forming a radiating pattern, occur
between Champaign and Decatur. This pattern is the surface expression of a
sandy till that crops out in this area. This till had been recognized previously,
but is unnamed and its surface extent was unknown. The presence of these
features permits the mapping of the approximate limits of this till member
of the Wedron.

Depressions

Several large depressions are present northwest of Clinton. Why
features of this scale are restricted to this one spot is not known. The
depressions are filled with dark, poorly drained soils. It is not known if
they contain any lacustrine material.

Large circular feature

A large circular feature of unknown origin is reflected in the
drainage pattern along the Kaskaskia River south of Champaign and west of I-57.

Glacial lakes

Several glacial lakes have been mapped. The smooth floor of Glacial Lake
Douglas stands out in a striking manner. These lake basins contain clay and
silt deposits of the Carmi Member of the Quality Formation. Eagle Lake, north
of Sullivan, can also be seen. Several small areas of dark, poorly drained
soils have been mapped along the front of the Shelbyville Moraine south of
Mattoon. These depressions contain thin lake sediments and were probably
proglacial lakes at the front of the Shelbyville end moraine.
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Alluvium in major valleys and old drainageways

Cahokia Alluvium is mapped in the major valleys. In many of these valleys,
the recent alluvium is a thin cover over outwash deposits. Terraces, remanents
of the older valley fill, can be recognized only in a few places such as
northeast of Terre Haute and north of Peoria. A large area of outwash
deposits (hm) occur east of the Illinois River south of Pekin. Sand dunes
cover much of the terraces and give them a mottled appearance. The terraces
are cut by younger glacial drainageways and by Cahokia Alluvium.

Several wide valleys with presently underfit streams in them can be
seen leading away from the Wisconsinan ice margin between Pekin and Decatur.
These streams carried outwash and meltwater from the Wisconsinan ice sheet.
Several remanent valleys (due to drainage changes) can be identified,
particularly east of Lincoln and south of Pekin.

The meander pattern of the rivers in the larger valleys can be easily seen
and should make interesting material for a study of stream meanders.

Illinoian drift

Light colored soils occur on Illinoian drift just south of the Shelbyville
Moraine with darker soils occurring farther south. The outwash apron of the
Shelbyville Moraine is very narrow, so the origin of this difference in soil
color is unknown. Thickness of loess and gley deposits is about the same.

Subparallel, narrow, low ridges are present on the surface underlain by
the Tadnor Till Member of the Glasford Formation. The boundary of the Radnor
Till (annot be easily mapped from the S190B Skylab photo.

Ridges of gravelly drift (Hagarstown Member) can be seen at several places.
The Taylorville ridge can be seen to extend under the Shelbyville Drift south
of Decatur. Smaller ridges are present on the Radnor Till.

Strip mines

Extensive strip mining west of the Illinois River has significantly altered
the surface of the area. Areas of active stripping are marked by bare soils,
sharply defined spoil piles, and water filled trenches. Recently mined areas
are marked by smooth bare soils due to the leveling of spoil piles for
reclamation. Vegetated areas indicate reclaimed mines or older unreclaimed
mines covered by a natural growth of vegetation. Strip mines are identified
by signs of active mining and by dense forest or other vegetation that
interrupts normal agricultural patterns.

Linear features

Linear features, shown in red, of a variety of possible origins are
present in the area mapped. Those shown generally appear as unusually straight
stream segments, although some appear as linear dark or light soil patterns.
Bedrock joint patterns are often invoked to explain these linear features.

The streams on the Wisconsinan Drift do not generally reach bedrock. The
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streams in western Illinois are commonly incised into bedrock. Although the
exact origin of the linear features is unknown, many of these linears are
believed to have their origin in the movement of glaciers. Those in western
Illinois follow the general pattern of inferred ice movement and the linear
features may have formed as streams, incipient on the deglaciated surface,
flowed along grooves formed in the drift by the movement of glaciers.

Skylab 2 S190A

A geologic interpretation of two frames from the S190A multispectral
cameras on Skylab has been prepared (Figs. A5.2a and A5.2b). They are from
SL2 Pass 7 (Track 33) and cover the area from Champaign to near Rock Island.
The S190A frames cover a larger area than the S190B and have lower resolution.
However, features needing synoptic overview, such as glacial moraines, show
up better on the S190A photographs. The color IR photo is most valuable in
mapping soil patterns. The color, and red ba 41 black and white, are also
useful. The other bands are less useful fcr geologic mapping.

Figure A5.2a--NEAR HERE
A5.2b--NEAR HERE

Many of the features seen on the S190B photographs can also be seen on the
S190A. Strip mines are more difficult to distinguish. Areas underlain by
possible lake deposits of Illinoian age north of Springfield are more easily
seen. Hills of gravelly Hagarstown Member of the Glasford Formation can be
seen south of Decatur. Additional units mapped on this series of photographs
include pe = Peoria Loess; pl = Parkland Sand (dunes); gv = Glasford Formation,
Vandalia Till Member; gh/k = Glasford Formation, Hulick and Kellerville Till
Members; and br = bedrock.

A small area of dark soil on a upland surface marks the Glasford
disturbance, a bedrock cryptovolcanic structure. This domal bedrock structure
is now used as a gas-storage pool.

The border of the Radnor Till (gr) can roughly be distinguished on the
S8190A color IR photograph. The Teneriffe Silt (t) a pro-Radnor Lake deposit
occurs north of Springfield and shows as dark colored soils. The dashed line
north of Decatur marks the boundary between the unnamed till rember of the
Wedron Formation, with the circular and linear features on its surface, and
the Tiskilwa-Delevaun Till members to the west.

A5.2 Geology of southern Illinois

One S190B frame (SL2-81-192, Pass 6, Track 19) taken over extreme southern
Illinois was selected for interpretation (Fig. A5.3). The following map units
were determined.

Figure A5.3--NEAR HERE
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ya - Younger alluvium (Cahokia), present flood plains, many
meander scars.

oa - Older alluvium (Cahokia) in.cut-off channels of the Mississippi
and Ohio Rivers (Cache River, for example).

gt - Glasford Formation, till of Illinoian age.
TK - Tertiary-Cretaceous, partly marine.
T - Tertiary, silt and clay.
K - Cretaceous, silt and clay.
P - Pennsylvanian, shale and sandstone.
UC - Upper Chester, shale, sandstone, and limestone.
LC - Lower Chester, shale, sandstone, and limestone.

UV - Upper Valmeyeran (Mississippian), St. Louis and Ste. Genevieve
Limestones.

MV - Middle Valmeyeran (Mississippian), Ullin and Salem Limestones.
SD - Silurian and Devonian, mostly siliceous limestones.
0 - Ordovician, limestones.

The flow patterns of the Mississippi and Ohio Rivers is well shown. The
Thebes Gorge, where the Mississippi River cuts across a bedrock high, is well
shown. Land use patterns permit distinguishing the siliceous Silurian and
Devonian rocks from areas underlain by limestones of the Ordovician and
Mississippian. Discontinuous lines indicate outcrops of Chesteran and
Pennsylvanian limestones and sandstones. The Ste. Genevieve fault and a couple
of other faults show as linears. The glacial boundary, dashed line south of
Carbondale, marks the boundary between agricultural flatlands and the forested
uplands formed by the outcropping of Pennsylvanian sandstone. An unexplained
semicircular feature is present north of the fault along the east side of the
photo. Strip mined areas can be mapped, but some older "reclaimed" areas may
have been missed.

A5.3 ERTS images and Skylab photographs for geologic mapping

ERTS images generally provide insufficient resolution for detailed geologic
mapping. Linears, major drainage patterns, some glacial moraines, and some
large scale features can be mapped. Skylab photcgraphs provide gocd resolution
while providing the synoptic overview so valuable to geologic mapping. Many
significant surficial geologic features can be seen and mapped. Skylab
photographs can be used directly in preparing geologic maps of an area or
used as an aid in compiling geology from many sources. S190B photographs
provide the best resolution, but certain features cai. be seen better on the
color IR photographs taken by the S190A camera.
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Skylab photos cover only a portion of Illinois on a one-time basis. ERTS
images are repetitive and many images for the same area can be accumulated.
For example, 20 ERTS images have been found that show sediment plumes in Lake
Michigan for a study of lake currents. ERTS images are valuable fcr studying
dynamic geologic problems such as the currents in Lake Michigan.

All space images for geologic purposes are season dependent. The best
photos for mapping surface features have been taken in the spring, after the
ground has been planted and before corn and soybeans have grown much. The most
significant results have come in the period of March to June. ERTS images can
be computer processed to enhance certain features, but at present this has
limited application to geologic mapping.

A5.4 Conventional geologic map from Skylab photos

Figure A5.4 is an overlay to and interpreted from a 2 X enlargement of
SL2 Pass 7 (Track 33) S190B color photo 81-366. It is a conventional surficial-
geology map. My knowledge of the geology of the area was used to prepare the
map. The units shown are:

Figure AS5.4--NEAR HERE

wb - Wedron Formation, Batestown Till Member
wbe - Batestown in the form of end moraines

wu - Wedron Formation, unnamed member, till with circular and linear
features on its surface

wg - Wedron Formation, Glenburn Till Member
wge - Wedron Formation, Glenburn Till Member in end moraines

ed - Equality Formation, Dolton Member, deltaic deposits prograding
into Glacial Lake Douglas

ec - Equality Formation, Carmi Member, lake deposits in
various glacial lakes

gv - Glasford Formation, Vandalia Till Member

¢ = Cahokia Alluvium
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A6.0 ANCILLARY STUDIES OF GEOLOGIC LINEARS INTERPRETED FROM SKYLAB PHCTOS

Roger B. Morrison and Richard K. Rinkenberger
A6.1 Introduction

Ancillary to the main objectives of the project, geologic linears were
mapped in a few parts of the Great Plains-Midwest. Detecting and mapping
geologic linears from space images is a new, important preliminary step in
developing knowledge about the tectonic pattern (and certain details of the
erosional history), even in so structurally stable a region as the Great
Plains-Midwest. Establishing the validity and origin of all the detectable
geologic linears, however, will require much additional ground and subsurface
exploration, involving many man-years of effort. The preliminary mapping of
the linears can point to strategic places for making these additional s*tudies.
Thorough analysis of the geologic linears holds great promise of contributing
significantly to the knowledge of details of structure and stratigraphy of
bedrock and surficial units in this region, especially in areas lacking
extensive exposures and detailed data on subsurface stratigraphy. Such an
analysis has important application to exploration and development of resources
of petroleum, coal, ground water, and other minerals.

In its widest, non-genetic sense, the term '"geologic linear" is used here
for any linear feature, straight or curved, that likely is of geologic or
geomorphologic origin. Several types of geologic linears are visible on SL
photos of the areas studied in the Great Plains-Midwest: (1) those that
reflect known or possible faults or large joints, (2) those due to wind scour
(deflation) and/or deposition, (3) those caused by glacial erosion and/or
deposition, and (4) those of indeterminate origin. Linears caused by faults
and joints are indicated by straight or slightly curved valleys or escarpments,
and/or by tonal differences (indicating soil or vegetation differences)--either
bands lighter or darker than background, or lighter on one side than the other.
Such linears (visible on SL photos) range in length from tens of miles to less
than a mile. Wind-scour linears are common in parts of the northeastern
Nebraska study area, where they generally occur as groups of parallel ridges
and furrows, invariably alined northwest-southeast, generally having less than
20 m of local relief, and ranging in length from several miles to less than
a mile. (In the Broken Bow quadrangle, which extends into the eastern edge
of the Sand Hills of Nebraska, some areas of sand dunes show subparallel
alinement of dune crests and inter-dune depressions--but linears of this type
were not mapped.) Glacial linears are present in places on the Illinoian
drift plain of western Illinois. They are low, subparallel drumlinoid ridges,
alined northwest-southeast and mostly less than 20 m high. They are evident
mainly from differences in soil color/tone or in land use.

In the northeastern Nebraska study area, Morrison mapped on a conservative
basis the geologic linears that were clearly identifiable by stereoscopic
viewing with a Kern PG-2 stereoplotter or an 0ld Delft stereoscope (Figs. A4.2
and A4.3). In the Illinois study area, Lineback similarly mapped several types
of geologic linears (Figs. A5.1 to A5.4). However, more intensive analysis and
mapping, specifically for all possible geologic linears, was done by Rinkenberger
on two different S190A frames. One frame covers part of northeastern Missouri
and a small part of western Illinois (Fig. A6.1), the other covers the vicinity
of Omaha, Nebraska (Fig. A6.2).
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A6.2 Criteria used for identifying geologic linears

The following types of criteria were used for identifying and mapping
the geologic linears:

1. wvalley alinements (straight or curved);
2. ridge crests;
3. soil changes as evidenced by color, CIR, or B/W tonal changes;

4. certain persistent and sharp changes in topography; e.g., tops
or bottoms of escarpments; marked changes in patterns of relief
and dissection of uplands;

5. alined changes in vegetation clearly not primarily caused by land-
use features such as field and pasture boundaries; :

6. combinations of the above.

Care was taken to eliminate (not map) cultural linears such as highways,
railroads, and agricultural boundaries, as well as spurious features such as
contrails of jet planes (and their shadows) and boundaries of areas wetted by
local rainstorms. Assisting this elimination was the control provided by
topographic maps, highway maps, repetitive SL flights over the same area, and
ultrahigh airphotos.

Commonly the linears are indicated by differences in color (hue, chroma,
and value on color and CIR photos) or tone (on the B/W photos), which reveal
one or more of the criteria listed above. Thus, some linears are lighter
toned, othars darker, than background; others are variegated along their course,
still others are manifested by lighter tones on one side of the boundary on
which they are drawn. Some geologic linears show clearly, others are indistinct.

A6.3 Methods of examination

The geologic linears mapped in the northeastern Nebraska snd Illinois
study areas (Figs. A4.2, A4.3, A5.1, A5.2, A5.3) were detected in the course
of mapping analytic geomorphology or surficial geology by the wethods described
in sections 7.2, 7.3, A4.3, A5.1 and A5.2. The chief means of examination were
magnifying stereoscoves and (for the Broken Bow quadrangle, Nebraska) a Kern
PG-2 stereoplotter.

In the more intensive studies made by Rinkenberger specifically for
geologic linears, the SL photos were examined in the following ways:

1. (The chief method.) Inspection of 4X transparency enlargements of
various S190A spectral bands, by naked eye (without a stereoscope or
magnifier) on a light table. The linears were mapped on transparent
overlays to the photos. Each transparency was viewed: (a) from
different angles (vertical to highly oblique), (b) with different
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intensities of backlighting, (c) at different directions to the line
of sight, (d) at various distances from very close to 6 feet, and
(e) under a reducing glass.

2. Similar viewing of 2X enlarged transparehcies of S190B color photos.

3. Method (1), reinforced by superposing a transparency of another
spectral band of the same S19JA frame (e.g., B/W red band with B/W
green band), and slightly shifting the two transparencies in relation
to each other, in various directions, to obtain linear edge enhancement.

% Like above, but combining transparencies from different SL flights
(but, of ccurse, covering at least parts of the same scene). Because
of small scale differences in the photos, commonly slight adjustments
were needed to register each quadrant or so of the basic scene.

5. Viewing by methods (1) and (3), but using diazo transparency copies
in 5 colors (brown, ved, magenta, green, and blue) of each band of
the 4X S190A transparencies--i.e-, viewing the diazo color transparencies
both singly or in superposed combinations of different bands of the
same frame, with the different bands in different colors in various
combinations.

6. Viewing negative transparency 4X S190A enlargements by methods (1)
and (3).

7. Viewing 4X transparency S190A or 2X S190E enlargements under 1.5 and
4.5X enlargement by an 01ld Delft stereoscope.

In the NE Missonri-western Il!:nois study area (Fig. A6.1), the linear
study was confined to one S190A frame: SL4 Pass 82 (Track 1) frame 290 (magazine/
roll nos. 61-66). All the geologic linears distinguished on different S190A
bands of this frame were plotted on a single overlay to the 4X enlarged scene
(Fig. A6.1). Most of the linears were detected from the B/W red and B/W green-
band transparencies of this winter scene, which is entirely snow-covered except
the woodlands. A few additional linears were zdded from examination of SI190A
4X transparencies, covering most or parts of this scene, from SL flights at
different times of year. No distinction was made between sharply defined and
subtle linears, nor between the various criteria by which the linears were
distinguished.

Figure A6.1--NEAR HERE

In the Omaha and environs study area, mapping of the geologic linears was
confined to another single S190A frame from SL2 Pass 6. Four separate overlays
were prepared, one for 4X transparency enlargements of each of the following
photos of this frame: color 10-133, CIR 9-133, B/W IR 8-125, and B/V red
11-125 (Fig. 6.2 a, b, ¢, d). Also, the degree of prominence of the linears
was distinguished; the very prominent ones are shown by lines of alternating
very long and short dashes, the prominent ones by solid lines, and the least
prominent by short-dashed lines. In addition, colors were used to show the type
of criteria by which the linears were identified: green was used for definite
valley alin.:ments; red for tonal bands, either lighter or darker than background;
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Figure A6.1. Geologic linears in northeastern Illinois-western Illinois,
interpreted mainly from all S190A bands (as a composite) from SL4L Pass 82
(Track 1) frame 290. Lighter lines are the more important linears,
black lines are minor linears. @ = registry marks for photo 65-290.




and blue for boundaries between light- and dark-toned areas. (Red is combined
with green where a valley alinement is combined with or alternates with a
tonal band.)

Figure A6.2--NEAR HERE

A6.4 Conclusions from Rinkenberger's intensive analysis

On both study areas, viewing method (1) yielded most of the linears
distinguished--i.e., viewing the transparency enlargements on a light table
without magnification and non-stereoscopically. Viewing through a reducing
glass commonly sharpened the definition of the more subtle (but relatively long)
linears. Viewing under magnification, preferably stereoscopic, occasionally
enabled a few more of the shorter linears to be identified--but the more
prominent and longer linears generally were less visible than with the naked
eye or a reducing glass. However, magnification up to 10X did aid in
distinguishing cultural linears (e.g., highways) from geologic ones.

Viewing the 2X S190B color transparencies (method 2) generally enabled
only a few more of the smaller linears to be distinguished than were identified
by method 1. Also, the S190B photos are only one band (color, in these study
areas) and thus lack the advantages of using viewing methods (3) and (5).
However, they provide control for recognizing (and eliminating) cultural linears,
because of their superior resolution.

Winter snow-covered cscenes proved better than late-spring or summer ones
for identifying most linears, mainly because of less vegetational "noise'" due
to differences in agricultural land use ind in natural vegetation, but also
because differences in soil-drainage are minimized. Snow-covered B/W red and
B/W green-band scenes were the most useful of all.

Short and Lohman (1973, p. 14) commented on the effect of sun-illumination
direction in shadow eniiancement of linears of various orientations; they observe
that NE-SW linears are enhancaed in space images, but NW-SE linears commonly are
almost invisible. Our observations from SL photos do not entirely support
this conclusion: NW-SE linears commonly are as distinct as NE-SW ones. This
may be because shadow enhancement commonly is negligible in the SL photos,
because the photos generally were taken when the sun was near its zenith.

A6.5 Comparison with results from analysis of Landsat (ERTS)-1 images

Landsat-1 multispectrzl images have proved better than Skylab photos for
detecting major linears, 2specially those likely of tectonic origin. This is
because the moderate resciution of the Landsat images reduces extraneous ''noise";
also the repetitive coverage provides many more images, taken at various times
of year, with various conditions of soil-moisture and vegetative cover. However,
the smailer linears cannot be detected on the Landsat-1 images.

SL photos, on the other hand, are superior for detecting the intermediate
and minor linears. For exanple, minor wind-scour and drumlinoid linears cannot
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Figure A6.2, part A. Geologic linears in the vicinity of Omaha, Nebraska, plotted on 4 X
enlargements of various S190A bands of the same ucene (frame) from SL2 Pass 6 (Track 19).
This part of the figure is from the color "band" (0.4-0.7 pm), frame 10-133.

@ = registry marks on the photo.
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einity of Omaha, Nebraska, plotted on 4 X

Figure A5.2, part B. Geologic linears in the vi
(frame) from SL2 Pass 6 (Track 19).

enlargements of various S190A bands of the same scen:2
This part of the figure is from the color-infrar
@ = registry marks to the photo.
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Figure A6.2, part C. Geologic linears in the vicinity of Omaha, Nebraska, plotted on 4 X
enlargements of various S190A bands of the same scene (frame) from SL2 Pass 6 (Track 19).
This part of tie figure is from the B/W red band (0.6-0.7 wm), frame 11-125.
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Figure A6.2, part D. Geologic linears in the vieinity of Omaha, Nebraska, plotted on .
enlarger:'erts of various S190A bands of the same scene (frame) from SL2 Pass 6 (track 13%)

This part of the figure is from the B/W "farther" near-infrared band (0.8-0.9 pm)
g8-125.
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be seen on Landsat-1 images whereas they are clearly evident on the better SL
photos. Thus, a worthwhile ''zoom effect" can be obtained by first analyzing
Landsat-1 images, then SL S190A photos, then SL S190B photos, and possibly
then ultrahigh airphotos and conventional airphotos.

A6.6 Generual conclusions

The synoptic, fairly high-resolution overviews of large regions provided
by SL photos are superb tools for identifying geologic linears, particularly
if these photos are used in comhination with Landsat MSS images. Our attempts
to use the SL photos to map geologic linears in a few parts of the Great Plains-
Midwest (together with the earlier effort over much larger parts of this region,
using Landsat-1 MSS images) have shown these linears to be much more numerous
than previously was suspected. The better resolution of SL photos compared
with Landsat MSS images enables distinguishing minor linears that are invisible
on the Landsat images, and also commonly permits identifying the probable
origin of the linears. For example, many linears likely caused by faults or
ioints can be distinguished from wind-scour and glacial linears. However, a
large percentage of the possible geologic linears (determined from inrensiwve
analysis such as Rinkenberger's) can be identified only vaguely; moreover,
the origin of at least as large a percentage of the total geologic linears
cannot be decermined by interpretation of SL photos. As pointed out in the
Introduction to this chapter, many man-years of effort, involving both surface
and subsurface exploration, will be required to establish the nature of all
the detectable geologic linears. Mapping the linears from space images and
airphotos can point to strategic places for making the additional studies.
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