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INTRODUCTION
The primary objectlve of the - Colorado School of Mlnes ERTS l

Program is to analyze ERTS~-1 data for identification and dls—'
crimination of geological and hydrological phenomena in central -
and western Colorado. To facilitate the achievement of this’
objective,tthe research has been“subdinided into the following"
‘tasks:

Task I. Analyze ERTS l data for 1dent1flcatlon and dlscrlmlnatlon
4:.
A. lithology and surface composition
B. geologic structure
C.-'geomorphlc phenomena
D. mineral resources
E. water resources
F. volcanlc phenomena

Task II. Determlne the atmospherlc affects on remote sensor data.

Task III. Investigate and evaluate:
A. the RBV and MSS data for task I, A through F
B. - processing and enhancement technlques as applied to
~ ERTS-1 data

Task IV. Educate graduate'students and give experience to re-
search personnel in the use of satellite remote sensor
data. :

Task V. Submission of a final report (Type III) which will dis-
cuss in depth the history of the overall project and
all significant scientific and technical theories,
procedures, techniques, equipment, tests and project
results. i



TOPICAL RESULTS
During the report perlod 1nvest1gators have done. detalled 1nter~
pretatlon, analySLS and evaluation of ERTS-1 data for Varlous
areas in central and western Colorado. . The first areas inter-
preted were areas in which the investigators were familiar.
Ground control for the interpretation and analysis was provided
by high~ and low-altitude photography, field data obtained
during the summer of 1972, and previously existing geologic maps
~and publications.

- Analysis of 9- inch positive- transparenc1es of ERTS-1 -imagery of. L

central and western Colorado shows an’ encouraglng success in T
_locally dlscrlmlnatlng between- recognlzed sedlmentary formations

within the thick sedlmentary sequence." The dlscrlmlnatlons are -

‘.‘generally p0551ble because of tonal changes on the 1magery L e e

_representlng dlfferences in spectral reflectance of the rocks
themselves or re51dual solls developed on them. Topographlc
relief caused by differential erosion of resistant/non-resistant

beds is the second most important factor in lithologic dis-

crimination, - Selectlve vegetatlon growth occa81onally helps 1n» §51~~3-Jf

lithologic dlscrlmlnatlon, but 1n general vegetatlve cover 1s a

- ‘hinderence.

Lithologic discrimination of rock units within both the .Precambrian
crystalline and Tertiary volcanic terrains of the state has

met with much less success. These rock types are, for the most
part, restricted to the more mountainous portions of the state

where climatic conditions are favorable for heavy timber growth.

The rocks within these terrains have very low spectral contrasts
which makes discrimination difficult even where not covered by
timber. It islgeneﬂ%lly true however, that mountainous areas
covered by timber are underlain by Precambrian crystalline or

or Tertiary volcanic rocks rather than.sedimentary strata -- a crude

form of lithologic discrimination.

' Geologic Structures

ERTS-1 imagery contains a wealth of structural geologic information.



Large fold structures -- upllfts and basins -~ can be ea31ly

defined by l) topographlc express10n, 2). gross dlstrlbutlon of

rock types, and 3) dips of sedimentary strata. Local foldlng along
the edges of the major uplifts and within sedimentary basins

can be detected where the outcrop pattern of the'Sedimentary

strata is enhanced by spectral contrasts’betweenzadjacent formations;

the smaller folds are also commonly reflected in topography.

ERTS-1 imagery provides information on the nature-and domains of
regional fracture'systems as a result of interpretation and analysis
_of ERTS-1 llneament data.  The lineaments are deflned by vegetatlon

‘A_allgnments and topographlc expre551on, prlmarlly the latter.

',Comparlson of ERTS _images “from August 1972 and January 1973 -

'lndlcates ‘that sun elevatlon angle- 1s an extremely 1mportant L
;con51deratlon in the appllcatlon of ERTS 1magery to reglonal “u-fxnﬂ
f:fracture analy51s.n The low angle solar 1llum1natlon An - the - January
imagery (27 ) produced dramatic topographlc shadow1ng thereby ‘"
enhancing topographically-expressed structures. Snow cover in the

. January scene improved the contrast between shadows and background.

i,

Many cases have been observed where structural and lithologic ." .
'lnformatlon not recorded in the hlgh sun—angle August 1magery"'

T (59° ) is present on the January 1magery.

The abundance of the linear data capable of being extracted from
ERTS-1 images prompted use of statistical analysis techniques for
determining the location and distribution of significant trends.
Linear data are plotted on overlays on the 9-inch positive
transparencies. Each scene is divided into 16 equal subareas and
the number and azimuths of all linears are measured for each |
subarea. The quantitative data are punched on computer cards and
submitted to analysis by computer program. The program computes
..a strike frequency analysis and prints a strike frequency graph,
determines freguency maxima, and calculates statistical confidence
values for the maxima. Significant trends are selected from the

computer analysis.

To test the analysis technique, the linear data from the area



covered by ERTS—l 1mages 1154- 17143—4 5.6, 7 were analyzed Eight
statlstlcally significant trends were found for the whole area.
Most of these trends are parallel to known tectonlc strikes and
reglonal fracture patterns. '

‘Geomorphlc Phenomena

Geomorphic features are enhanced and more easily interpreted on
simulated color-IR composites. A striking example of this enhancement
is seen by comparing B/W transparencies and the color-IR composite

of the Canon City area. The hogbacks (Paleozoic section) north

and northeast of Canon City-arefviyidly depictedvon the color - - ."x
composite_but'arehrelatively rague.on'the_B/W'transparenoies.f The -
_reason for this. difference appears to be ‘due- to.both'greater tonal
',contrast and color contrast between’ the hogbacks ‘and the surroundlng """
area on the comp051te 1mage.. The color IR comp051te does an oo
'excellent job of dlscrlmlnatlng general vegetatlon type and varia-

- tions. This ability results in- hlgh detectability and enhancement of
drainage systems due to characteristic variation associated with

slope and moisture.

*Atmosoheric'EffeCts--

Atmospherlc measurements included spectral,- total dlffuse, and
direct radiation at two locations. A Bendix Model 100 Radiant Power
Measuring Instrument (RPMI) was used at the Eleven Mile Reservoir
site and an ISCO spectral radiometer was used at the Granite Hills

site.

On 22 February 1973 the Bendix instrument was taken to Loveland Pass
(elevation 3,655 m) to test performance consistency by comparison with
data collected on 16 February. Considerable variation in Band 4
(.8-1.1 micron) data collected 16 February was attributed to water
vapor absorption and it was expected that the higher elevation.of

the Loveland Pass site would minimize this effect. Data were
collected during the early morning, but jet contrails generated
significant cirrus clouds and invalidated late morning data.

The remainder of the day was spent searching for a suitable high



altltude measurement site that was not located beneath a jet route.

An excellent 51te was selected about 8 mlles WNW of Falrplay at 3 551 m
(11,650 ft). elevatlon. A 51mllar trip was made to the Falrplay

site on 27 February 1973. High cirrus clouds (natural) prevented
making valid measurements. The site was photographed and accurately

located on the Mount Lincoln quadrangle.

In late April-edrly May Mr. R. L. Hulstrom (Martin Marietta Corp. -
Denver Division) will present a paper to the Pan American Institute
of Geography and History, Republic of Panama, on the results of
studies of the effects of the atmosphere on remote4sen51ng performed

under thls contract An abstract of the paper 1s glven below.“

'ATMOSPHERIC MEASUREMENTS AND ANALYSES
~ IN SUPPORT OF REMOTE SENSING

by -

R. L. Hulstrom
- ABSTRACT

‘The remote‘sensing of'objects on the earth's surface from

.aircraft and spacecraft platforms is hampered by the intervening
atmosphere. The intervening atmosphere affects remote sensing in many
ways. This paper will consider the solar radiation-reflected region of
the spectrum .3 to 3.0 micrometers (um). If the ground feature is
being remotely sensed by recording the solar radiation reflected

from its surface, the atmosphere will play an important role in this
type of remote sensing because it affects both the incoming solar
radiation that irradiates the feature and it affects the reflected
"signature" of the feature as it travels up through the atmosphere to
the aircraft or spacecraft. The major atmospheric effects are:

(1) attenuation of the direct solar beam by molecular scattering,'
aerosol scattering, and selective absorption by atmospheric
constituents such as 02,.03,_H20, and COZ; (2) a downward sky

radiation onto thedground feature, created by molecular and aerosol



scattering of Sunlight- (3) attenuation of the radiation reflected
from the ground feature as it traverses the atmosphere, by molecular
and aerosol scatterlng, and absorptlon (SLmllar to the effects on
the direct,. 1ncom1ng solar beam, and (4) the backscatterlng of
radiation into the remote sensor which can be though of as

"noise." The resultant impact of these effects is that of causing
inaccurate classification/recognition of ground features by using
the spectral "signature" approaches. Such approaches of automatic,
computer-redognition-and mapping using multispectral scanner/

spectroneter data generated by aircraft, ERTS, and EREP are

. widely used by the remote sensing communlty.i.Because of -the greater .

T’.ground area covered the 1mpact of atmospherlc effects on satellite

Y

remote sen51ng is generally more severe. than aircraft remote senSLng

'.:1However, atmospherlc effects should be con51dered<and corrected for™

- _ln both ‘cases.

Thisﬁpaper briefly‘describes the basic. concepts of atmospheric . . =~
transmission and resultant effects on the remote sensing process.
The major empha81s is on the appropriate atmospherlc field

measurements, . 1nstrumentatlon,-and analyses of field measurements

~-that should be considered in order to’ allow subsequent correctlons_

for atmospherlc effects to be made. The measurements, - technlques,
methods, instrumentation, and analyses will be discussed in detail -
with specific examples shown. The examples are taken from the ongoing

research activity in central Colorado which involves aircraft, ERTS,

- and EREP remote sensing projects. Remote sensing projects  in this

area include the Colorado School of Mines, Colorado State University,
Martin Marietta Aerospace, University of Michigan, and the United

States Geologic Survey. In support of these projects a complete

atmospheric corrective measurement program has been applied to the

area and will continue for ERTS and EREP applications.

Processing‘and’Enhancement‘Technlques

Good success has been obtained in making color composites from 9"
x 9" B/W transparencies using colored Diazo film. The Clark systems
multispectral projector Model 5005 is used to establish the band/color/



1nten81ty combinations which seem to best enhance the features of
lnterest. Many comblnatlons can be examlned :apldly w1th this
system although the resultlng format (lmage as progected onto a
‘ground glass screen) is not suitable for detailed analysis. The
best results using the colored Diazo film has been in simulating
color-IR images. The initial relative color intensities.. to be

used with each band was established with'thefmuitispectral projector.
The exposure of the Diazo film is contfolled,,within limits, by
regulating the operating speed ef the Diazo machine. First genera-
tion composites were made using relatively thin Diazo film exposures
that appeared to have the most tonal variations. However, it was

found that superior. rendltlons result from us1ng relatlvely dense

4e‘exposures.~ Most - of the composites used elther Band 6_oxr Band 7:

but a very good comp031te was constructed uSLng both’infrared bands

'"Q:(MSS 6 +. 7). Trouble was encountered in. making a compos1te for the -

ERTS track over the Gunnlson area for use in stereo viewing. The.“
_B/W transparenc1es were qulte dense resultlng ln very dense exposures.
"Adjustment of the Dlazo machlne speed would not compensate adequately

for the dense transparenc1es.

-t‘Prellmlnary studles of the color additive: v1ew1ng technlque u81ng

the I%s v1ew1ng system indicate that 'ERTS-1 1mage 1nterpretab111ty o
can be 1mproved To . date, only qualitative evaluatlons of the -

| technique have been made for color composites progected on the = -
viewing system screen. Future detailed evaluations will be made on

photographic prints of the screen.

Ground SupportﬂDuring'Satellite Overpasses

Two field crews were on station during the 16 February 1973. ERTS-1
overpass. In addition to the atmospheric measurements previously
mentioned, spectral reflectance measurements were made of the Pikes
Peak Granite with the ISCO spectral radiometer. Additional spectral
reflectance data of the Pikes Peak Granite were obtained with

the Bendix M-100 instrument about four hours after the overpass.

- Snow reflectance was measured in the vicinity of Eleven Mile

‘Reservoir with the Bendix instrument but cold temperatures



prevented proper 1SCOo operatloq. Both the 15th and 1l6th of February
were cloud free and ehcellent ERTS data can be expected for these

overpasses.’

PROJECT STATUS

Progress of ERTSél_satellite and support data analysis, interpretation,
and evaluation is proceeding along a-prodﬁctive'course'end should

be completed on schedule. Current funding appears to be adequate

for meeting the stated objectives of the CSM/ERTS-1 project.

NEXT REPORTING PERIOD """

' Durlng the next reportlng Perlod ERTS—l satelllte and” support data‘f,ﬁ5"“

L will continue to be “analyzed, interpreted, and ‘evaluated. Work w1th_f7:ﬁ‘

~:the different methods of" produc1ng color compOSLtes of ERTS—l

' !1magery will be. contlnued with the goal ‘of. produc1ng stereo palrs

: for geologlc 1nterpretatlon.v Video 1mage proceSSLng (color coded
density slicing) of ERTS-1 imagery will be studied for potentlal
appllcatlons to geologlc analy51s.

:"Q The effect -of angle of solar 1llum1natlon on the geologlc utlllty

of ERTS l 1magery will be 1nvest1gated in more detail; the contrlbutlon

~of snow cover to the shadow1ng enhancement will be - studied.

Ot e,

Daniel H. Knepper, Jr.

Acting Principal Investigator
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