“Made available under NASA sponsorship ; |
In the interest of early and wide 2= E79 1095 1.

semination of Earth Resources Survey R -/ %) 3 A (;)\ 7

Program informaticn and without liability
for any use made thereof.””
Evaluation of ERTS-1 Imagery for Mapping
Quaternary Deposits and Landforms
in the

Great Plains and Midwest l
(SR 238) -

Roger B. Morrison
U. S. Geological Survey
Denver, Colorado 80225

George R. Hallberg
lowa Geological Survey
lowa City, lowa 52240

1 May 1973

)

Type 1 Progress Report for Period 1 March 1973 -~ 30 April 1973

Prepared for:

Goddard Space Flight Center
Greenbelt, Marvland 20771

Publi cation autherized by the Director, U. S. Geological Survey

E73-10951) EVALUATION OF ERTS-1 IMAGERY e
FOR MAPPING CUATERNARY DEPOSITS AND N73-3029

LANDFORMS IN THE GREAT PLAINS AND
MILWEST Progress Report, 1 {Geological Onclas D
survey) 10 p HC $3.00 7 CSCL 08B 63/13 00951 \



NOTTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM THE
BEST COPY FURNISHED US BY THE SPONSORING
AGENCY. ALTHOUGH IT IS RECOGNIZED THAT CER-
TAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RE-
LEASED IN THE INTEREST OF MAKING AVAILABLE
AS MUCH INFORMATION AS POSSIBLE.



PRECEDING PAGE BLANK NOT FILMED
Type 1 Progress Report

ERTS-1

4., Evaluation of ERTS~-1 imagery for mapping Quaternary deposits and
Jandforms in the Great Plains and Midwest.

B, GSFC ID No. of Principal Investigator: IN LOL
C., Problems encountered£

The major problem which still impedes progress on the project 1s the
weather in the Great Plains and Midwest. Extensive cloud cover and atmospheric
haze degrade much of the imagery. Some of the potential study areas still do
not have couplete coverage by good imagery.

D. Accomplishments during the reporting period.

The P.I. presented a paper on March 6 at the symposium on ERTS-1
investigations at the Goddard Space Flight Center, summarizing the sig-
nifticant findings of the project to date., The co-investigator gave a short
talk about the project at the Midwest regional meeting of the Geological
Society of America, in Columbia, Missouri, on 13 April., After this meeting,
of Tice and field conferences were held with personnel of the cooperating
State geological surveys in Missouri, Nebraska, and ILowa.

The earlier phases of a six-phase program of analysis (outlined in the
1 January 1973 Type IT report and repeated here as Appendix A) are being
continued in the variocus study areas. TPhase-1 analysis consists of
interpreting landform and land-use characteristics and surficial geologic
materials from the ERTS imeges alone, without using additional data., We
adopbed & basic format for the phase-1 maps and map explanations, illustrat-
ed by the maps and map explanation included with this report.

For identification and mapping of landfoerms, topographic information
cbviously is needed. In szirphoto interpretation, this information is
cbbained most fully by stereoscople viewing., Unfortuvnately, the ERTS images
provide rather limited capability for such viewing, particularly in the
Great Plains-Midwest. True steregvision is not provided by the 10% end-
lap of consecutive frames along a track (the s=me scan lines zppesr in
the overlapping areas of both frames). Stereovision is possible where frames
from adjacent orbital tracks side-lap with each other; commonly LO to 60F of
s, frame has such side-lap coverage. However, the limiled parallax resulting
from the high orbital altitude, together with the low relief in most of the
Great Plains-Midwest, severely restricts the usefulness of stereoscoplc
viewing of ERTS images for geologic-terrsin interpretation in this region.
Consequently, landforms must bs interpreted largely from land uses.
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Land vses can be deduced from tonal (gray-level or density), pattern,
and "textural! varistions in the images. Landforms and landform associations
are interpreted primarily from sgricultural patterns, including not only
field patterns, but also the patterns of pasturelands, woodlands, and rural
roads. The size of fields and the regularity of their shapes {square or
rectangular vs. irregular) are controlled by the topography. Concentrations
of very large (greater than 160 acres) fields with regular shapes and sharp
boundaries generally indicate areas of very low relief and low drainage
density, such as broad flcod plaing and flat or gently undulating tabular
uplands. The distribution of woodlends provides much information on the
character of valleys and escarpments. In the areas of good soils, woodlands
are restricted to slopes too steep to be farmed, i.e., the steeper valley
sides. In the more arid parts of the region the steeper slopes commonly
are partly woodland or brushland and partly pastureland.

Tandform characteristics slso can be internreted indirectly from
snalysis of stream density, stream dissection snd dralnage patterns, and
stream-divide relations--agsin mainly as revealed by land-use patterns,
supplemented where possible by stereoviewing. Tt is important to make these
higher levels of landform interpretation because only throéugh them is 1t
possible to detect ancmalies that may point to the more ancient and obscure
features that we are looking for, such as "palimpsests” of ancient moraines
and buried river valleys. Detecting landform anomalies from ERTS images of
the Great Plains-Midwest is more difficult than in regions of higher relilef,
less vegetative cover, and less atmospheric haze,

Interpretation of the surficial geologic materials involves secondary
and tertiary levels of inference; hence, specific interpretaticns cannoct be
made at the phase-~1 level, but must await the higher phases of analysis,
including various kinds of "ground-truth" control. Nevertheless, some
general inferences cbviously can be made at the phase-l level, for example,
where the landform morphology indicates the underlying materials, as with
alluvial lowlands asnd sand dunes.

Examples of phase-1 maps are given below.

Peoria (fig. 1) and Decatur (fig. 2), Illinols, study areas.

These two study areas are adjacent 1° x 2° quadrangles in central
Tllinois and are trested here as a single area. This zrea contains several
of the classic type localities of U. 8. Pleistocene geclogy, such as thece
for the Sangamon Intergiaciation and the Peorila Loess. Tts northeastern
half (approximately) was covered by that last (Wisconsin) continental
glaciation, and the remainder by an older (Illinoian) glaciation. The pert
glaciated in Wisconsginan time generally is less dissected by streams than
the older drift plain scuth snd west of the Wisconsin glacial limit. ¥nd
moralnes are well pregserved on the Wisconsin drift plain, but poorly preserved
on the older drift plain. The whole area has a uearly continuous mantle of
loess over the glacial deposits, but the lcess is highly variasble in thickness.
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Figure 2. Phase-l Preliminary Map of the Decatur, Hiinois, Study Area
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Figures | and 2, Phase-| pretiminary maps of the Peorla and Decatur, [llincls, study areas.

EXPLANATION

lL.andform characteristics

Land-uge characteristics

Surficial-geologlc
materlals

-

Valley lowlands: flood plalns and fow terraces
along mnjor streams, Single heavy lines dencte
minor gureams with distinguishable veliey low-
landa.

Fleids are large and rugular, Malnly crop-
land with somse pastures, Some areas of
urban and jndustrial uses can be seen-—
many artificial impoundments, and a possible
strip-mine or large gravel pit.

Alluvium of latg Guater-
nary age. Higher ler-
races may he Joeas-
mantled,

Subdjvisions la through lc made from

image 1071-16102,

High terrace. Mottled to imtergradarional gray
tones may indicate sand dunes end minor swell-
amd-swale topography.

Fields are large and regular. The field
boundaries are often not sharply defined and
the inlergradational tones may Indicate sand
dunes. Cne large stand ol trees is present.

and silt.

Transition {rom unit la to unit le. Tones and tex-
wres indicate a mixture of areas like la, with
possible minor sand dunes, and other areas thet
are like ¢, with nearly level ground and fine-
grained surficial deposits.

Mixture of units la and l¢. Fields are large
and regular, In areas like lc the fields com-
monly have a wider range of tones on band 7
than In le. This may indicare differences in
soil-drainage characteristics or in the sur-
ficial matwcrials.

Alluvium, as above,
and possible eclian sand

Level or genily sloping terrace. The area has a
very uniform appearance, is higher than 1a, and
may be underlain by finer rextured marerial.

Fields are large and regular, They have a
very uniform gray tone on bend 7.

Alluvium, 2s above,
and possibly loess.

Highly dissecied area adjacent to the ]llineis River.
Streams are very closely spaced and aoly narrow
inter fluves remain.

Extensive woodlands; fields are mastly small,
irregular, and scattercd, although a few muxi=
erate to large size fields ocour on the narrow
inter{luves. Mainlv pasure and scme Crop-
lands.

Probable exiensive
loess veneer over drift
of Wisconsinan and old-
er age.

Moderarely dissccted plains, Streams are moder -
ately closely spaced and entrenched. The upiands
are fairlv broad and gentdy undulating, The den-
driric stream pattern is much betrer developed
than in unit 5. Topographically lower than unit 3
and probably stratigraphically lower as well,

O the uplands the fields are large 1o moder -
ate jn size and regular in shape; mainly crop-
tand and some pastures. Along the entrench-

ed strezms the fields are small and irregular
and mixed with extensive woodlands,

Plaing with broad undulating uplands. The streams
are moderately spaced but not deeply entrenched.
This unit is topearaphically lower than unit 5.

Fields large to moderare in size and regular
in shape. The {icld boundaries are generally

sharply defined. Some woodlands along valleys)

Prabakle extensive
loess veneer over drifr
of [llinnian and oider
age.

Moderately dissected plains. Topographically kigh-
er than units 3 and 4, probably younger drift depos-
its. Streams are moderatzly closely spaced aid
become entrenched at the boundary with units 3

and 4. The interstream areas arc broad and mark-
ed by probable corsiructicnhal swell-and-swale
tapography (units 5c and 3d). Scuthwestern bound-
ary is marked by abrupt entrenchment along major
streams and by an escarpment, revealad by sharp
changes in tone and land-use patterns.

Mildly dissected plaing. The boundary with unit 3
is the divide of the [llincis River. Tie streams in
this unit flow away from the [llinocis, and therefore
they are not as clozely spaced or as deeply en-
wenched as in unit 3.

IPields are large to moderate in size and reg-
ular in shape ‘and are generally sharply de-
fined. Mainly cropland and sume pastures.
Extensive woudlands along entrenched
streams,

Probable 2xtensive
laess veneer over drift
of Wisconsinan and old-
er age.

Undissected plain of low relief. Few widely spaced
streams in broad shallow vaileys,

As above, with uniform gray tones on band 7

As above, with possible
glacio-lacustrine depos-
irs,

Lipland constructional swell-and-swale morainat
topography, indicared by tonal differences in land-
use patterns, lattern used for exiensive arcas,
hcavy dash for small areas, and dots where gues-
tiocnable.

lields are large o maderate in size; some
kave jrregular shape. They are not as sharp-
ly defincd as in ather areas of enit &, and are
lghter in tone. The gray Wwues are sumerimes
imergradationnl or mottied.

Probahle exiensive
loess manrle over drifs
of Wisconsinan age.

JPossible escarpment at front of moraine, interpre-
ted from abrept tonal amd land-use changes (harbs
polnt up-scarph

Drainage pauern-arream divide refatjonships that
suggest possiblemorainai trends.

Mlinor streams with distlngulshable vailcy low-
lands {see unit 1),

Miner streams withour mappabie valiey lowlands,

lake or reservolr

Strip~mlned urean, Mapped from Imepe 10618154,

Promincit escarpments along vallevs,

Images used:

Peoria [Decatur
13F=16154 N70-18043
1070180413 1070-16050
1071-16102 107118102
JOHS - LEOB0 1UB&-16030

104818052




The various landforms and landform assemblages, ineluding moraineg, are
interpreted by phase-1 analysis of drasinage patterns and tone and textural
variations on the ERTS imagery. Areas interpreted as swell-and-swale moraines
and morainic systems are marked by somewhat mottled and intergradational
tonal patterns that are lighter than the surrounding areas. On the moraines,
fields are commonly poorly defined, smaller, and more irregular than in
other areas. Abrupt changes in tone and land-use patterns mark escarpments
along the fronts of prominent moraines. The moraines commonly trend across
minor drainages, which is indicative of constructional landscapes. (Many
minor stresms are mapped to show these relationships.)

An escarpment commonly marks the boundary between the Wisccnsin {younger
and higher) and Illincian (older and lower) drift plains. The images show
a2 sharp change in tones and land-use patterns at the escarpment, and,
upstream from it the major streams are more deeply entrenched. Deep dissection
near the Illinois River obscures the boundary west of the river in the
Feoria quadrangle.

In this guadrangle, a major buried valley (probably of an ancestor
of the Mississippi River) is indicated by analysis of variations in width
of the wvalley of the Illinois River. The valley lowlands along this river
_are very broad north of Peoria, but they become very nerrow-near Peoria.
South of this city they flare eastward to many times their width at Peoria;
furthermore, this broazd lowlard is flanked on the northwest by a prominent
bedrock escarpment, and a coal strip mine can be identified on the lowland
close to the escarpment, indicating that bedrock here is close to the surface.
These relations suggest that near Peoria the Tllinels River hasg cut through
a bedrock 'high," but south of Peoria the river valley coineides, on 1tis
southeast side only, with a buried bedrock valley. The trend of the buriad
valley probably is northeast from this area, in line with the flare of the
pregent valley lowland.

Other features of interest are the mapped strip-mine areas, The strip
mines are easily seen on all bands of the August imsgery, although they show
up best on color composites, Reclaimed strip-mined areas (north of the
Peoris gquadrangle but known to the investigators) are easily idenbtified.

Plans for the next reporting period.

Study and interpretation of the ERTS imagery for the wvarious study
areas within the project will continue, under the six-phase program of
analysis. In additicn, office and field conferences will be held with
personnel of some of the cooperating State geological surveys.
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E. Significant scientific results and their practical applications.

This project is testing the applicability of ERTS-1 imagery for synoptic
identification and mapping of Qusternary geologic and geomorphic units
("geologic-terrain” units) in the Midwest-Great Plains, including end
moraines of the last glaciation, terrace sequences along main rivers, and
the effects of ancient (middle and early Pleistoecene) glacial moraines and
filled valleys that have been buried beneath younger glacisl drift, loess,
or eolian sand.

The main landform associations gnd larger landforms are readily
identifiable on the better images and commonly the gross associations of
surficial Quaternary deposits also can be differentiated, primarily by
information on landforms and soils (obtained by analysis of stream dissection/
drainage and stream-divide patterns, land-use patterns, etc.). Maps showing
the Quaternary geologic-terrain units thaet can be differentiated from the
ERTS-1 images are being prepared for study areas (mostly 1° x 2° in size,
several in each State) in Illinois, Towa, Missouri, Kansas, Nebraska, sand
South Dakota.

Preliminary maps at 1:1 million scale are given of two of the study
areds, the Peoria and Decatur, Illinois, 1° x 2° quadrangles. These maps
exemplify the first phase of investigations, which consists of identifying
and mapping landform and land-use characteristics and geologic-surficial
materials directly from the ERTS-1 images alone, without input of additional
data. These maps show that commonly the boundaries of geologic-terrain
units car be identified more accurately on ERTS-1 images than on topographic
maps of 1:2%0,000 scale. From anslysis of drainage patterns, stream-divide
relations, and tone and textural variations on the ERTS-1 images, the trends
of numerocus moraines of Wisconsinan and possibly some of Illincian age were
mapped. In the Peoria study area the trend of a buried valley of the
Mississippl River is revealed, mainly by analysls of changes of stream-valley
widths. Strip-mined areas are easily detectable on the images, especially .
on color composites,

Category designation:

10, 2 a, 3 I.
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F. Published articles, ete. released during the reporting period.

Hallberg, George R., 1973, ERTS-1 satellite study of Quaternary
landforms and materials in the Midwest and Greet Plains: =a progress report
(abs.)}: GCeological Society of America, Abstracts with Programs, v. 5,
no. 4, p. 320.

Morrison, R. B., 1973, Mapping Quaternary landforms and deposits in
the Midwest and Great Plains by means of ERTS-1 multispectral imagery
(abs.): Abstracts, NASA Symposium on Signficant Results Cbtained from
ERTS-1, March 5-9, 1973, Goddard Space Flight Center, Greenbelt, Md., p. 39.
G. Recommendations. None.

H. Changes in standing order forms. None.
I. ERTS image descriptor forms. Nane.

J. Date request forms submitted. April 30, 1973.

K. N/A.
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Appendix A

The six-phase program of interpretation of ERTS-1 data that is scheduled
for this project:

Phase 1 consists of preliminary mapping of the pertinent geologic and
geomorphic features using only the ERTS-1 imagery.

Phase 2 involves compilation of available published and unpublished
ground truth dats (geologic, soil, topographie, etc.}, preferably on a map
of the same scale as that prepared for phase 1, without using ERTS data,

Phase 3 is a comparisen of phase 1 and 2 products, with additional
photointerpretation, to prepare an "enhanced information” map (at scales
ranging from 1:1 million to 1:250,000, as appropriate), noting any differences
and ancomalies,

Phase 4 consists of additicnal analysgis made from ERTS repetitive coverage
of the area, noting added information (at least the differences in
information content) gained from time-variant phencmena such as changes in
vegetation, soil moisture, snow cover, and plowing of croplands.

Phase 5 consisgts of appropriate field studies to obtain necessary additional
ground-truth datsa, particularly to evaluate ancmalies and interesting new
features found in phasges 3 and U,

Phase 6 is the delinestion of the new information detected from the ERTS
imagery.



