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‘APPLICATION OF REMOTE SENSOR' DATA
TO -
GEOLOGIC ANALYSIS OF THE BONANZA TEST SITE

COLORADO

Semiannual Report, 1 October 1972 - 31 March 1973

INTRODUCTION

This report summarizes the research activities of the Coloradb
School of Mines faculty and students and the Martin Marietta
Corp. scientists for the pefiod 1 October 1972 to 31 March 1973.
During this pefiod, Professors Keenan Lee and D. H. Kﬁepper,
Research Associate D. L. Sawafzky, and gradﬁate‘students

R. W. Butler, R. J. Eichler, J. C. Fis\hverv., and L. H. Jefferis
of CSM, and research scientists R. C. Hulstrom, J. R. Muhm

and K. E. Worman of MMC carried out research under the project.



ACQUISITION OF REMOTE SENSOR DATA

No aircraft support missions were requested during the report
period. A flight request has been submitted to NASA/JSC for

a P3 mission in June 1973.



PROGRESS REPORT ON GEOLOGIC REMOTE SENSING APPLICATIONS

Regional Geologic Mapping

Bonanza Test Site Geologic Compilation Map

A geologic map of thelBonanza Test Site is nearing comple-
tion. Using published larqe-séale gedloéic mapsﬁfrom various
sources, the geology of the area is being compiied on a base
scaled at 1:250,000.

Sources of previously published geologic mapping include:
U.S.G.S. Bulletins, Professional Papers.and Geologic Quadrangle
Maps; Bureau of Mines Reports; Colorado School of Mines Quateriies
and Rocky Mountain Association of Geologist Gﬁidebooks.

Published and unpublished C.S.M. and C.S.U. theses
were also invaluable in the preparation of this compilatibn
map. Thesis mapping includes a large portion of remote sensing
data interpretations.

This compilation map will be used to evaluate ERTS,

Skylab and remote sensing underflight data.



Detailed Geologic Mapping

General Statement

Research carried out during this period concerned the
final analysis and evaluation of remote éensor data obtained
from Missions 101, 168 and 184. Evaluation of the éapabilities
and limitations of the remote sensor data has been based
on comparison with geologic field data collected during three
summers' work. At present, tﬁe'final report is in the process

of being completed.

Review of Previous Work

Work previously completed on the project includes:
1) field mapping of the Buena Vista quadrangle, central Colorado.
2) acquisition and interpretation of NASA remote sensor data.
3) field checks of the accuracy of the interpretations'carried
out during step 2.
4) comparison of field and 1aboratofy interpretations (steps

1 and 2).

Current Research

At present the final evaluations of the remote sensor
data are being completed. In addition, a final geologic map
has been constructed from all available data. The contribution
to this map from remote sensor data.is considerab;e, and
represents a large savihg in field time. Results of a rock
discrimination study in an area where the bedrock is predominantly 

of Precambrian age have been especially significant in the



compilation of the geologic map. This rock discrimination work

is discussed more fully below.

Rock Discrimination Study

Geologic Summary:

In the area of interest (approximately the SE 7%' quadrangle
of the Buena Vista 15' quadrangle), five major units crop out.
These include:

1) A Precambrian biotite gneiss, a remnant of the original
country rock of the area..

2) A Precambrian éuartz monzohife'thét-intruées'ﬁhe biotite
gneiss.

3) A Precambrian.léuco~granite that intrudes both the biotite
-gneiss and the quartz monzonite.

4) A series of Tertiary volcanic rocks that fill a NE-SW
Paleovalley, and form a dome in the southern portion of
the area.

5) Alluvial deposits of Quaternary age, which fill the
bottom of the Arkansas Valley.

Rock colors for the Precambrian units provide the basis for

discrimination on aerial photographs, and were thus studied

in the field to determine the color differences. These colors

are tabulated in Table 1.

Table 1

Precambrian Rock Colors from the Buena Vista Quadrangle*

Rock Unit ~ Color Description Munsell Code
Leucogranite moderate yellowish orange 10YR 5.5/4
Quartz Monzonite grayish orange 10YR 6.5/4
Biotite gneiss dark yellowish brown 10YR 4.5/3

*Colors measured on weathered surfaces using Geological Society of
America Rock Color Chart.



Field and Laboratory Work:

Four figures are included to show the increased knowledge
of the distribution of the various Precambrian rock units.
These units presented a problem in field mapping because the
contact was quite irregular, occasionally’gradational, and the
black and white prints used for mapping displayéd little(of the
color difference that exists between the biotite gneiss and
the intrusive units. In addition, little difference exists
between the units in terms of topographic expression or texture
on aerial photograbhs. Disérimination of these units wés_ |
possible solely on the basis of color differenées.

Figure 1 demonstrates the amount of information gathered
from a few weeks of working in the southern portion of the
study area. The contacts were drawn after a number of traverses
of the area, and no attempt was made to walk out the contact
between biotite gneiss and quartz monzonite. The contact was
purposely generalized to separate areas of dominantly quartz
monzonite from areas wheré biotite gneiss was dominant.

After obtaining and interpreting color photography from
mission 168 it became évident that information about the
contact was available whiéh had not been evident on the black
and white photos used in the beginning of the study. Re—'
examination of thé high-altitude Mission 101 photography
indicated the same type of information was available. Figure
2 indicates the results of the high-altitude (scalé 1:110,000)
color and color infrared photography interpretation and Figure

3 shows the results from interpreting the low-altitude



EXPLANATION FOR FIGURES 1 - 4 = -

Quaternary Alluvium ’ . Q
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(scale 1:20,000) color and color infrared phOtds. I£ is
evident that more information was available from the large-
scale data; however, a considerable amount of easily
extractable data was available from both types of photography.
Figure 4 was drawn after field checking the remotel
sensor data interpretations shown in Figures 2 and 3. All
information available was used to construct Figure 4, and it

was used to evaluate all previous interpretations.

Conclusions

Results of theAstudy indica£e2thé uséfulhess of color and
color infrared photography for rock discrimiﬁation in areas
where topographic expression and textural differences are
" not present between the rock units. In this study both
large- and small-scale photography ﬁrovided considerably.more
information than large-scale black and white panchromatic
photos. The choice between large- and small-scale photos would
have to be made on the basis of mapping scale.

Examination of thermal infrared imagery and SLAR imagery
was also carried out for this portion of the study area, and
yielded no usable information an the discriminaﬁidn of the

Precambrian rocks.

- 10 -



Surficial and Engineering Geology

Introduction

Research activities to date have consisted of the
compilation of field and laboratory daté to produce geologic,
engineering geologic, hydrologic, and slope maps of the test
site. Evaluation of the imagery over the test site obtained
by Mission 205 was performed'with respect to uséfulness and
potential applications to surficial mapping. _In'addition,
research on the.LSAP experiment (propoéed in ﬁemﬁte Sensing
Report 72-7) céntinued during the-repofting period.

~The test site is in the eastern portion of the Bonanza
Test Site, approximately 3 miles north of Colorado Springs
and immediately east of thevU. S. Air Force Academy. The
site covers 48 square miles in parts of Pikeview and Falcon

NW 7%' quadrangles (Fig. 5).

Remote Sensing Evaluation

High-altitude color photography from Mission 205 was flown
over the Colorado Sérings area in June,-l972, and included
RC-8 o-inch format color transparencies of approximately
1:105,000 scale and Hasselblad 70-mm format color trans-
parencies of approximately 1:380,000 scale. Both camera
systems were flown simultaneously, and the quality of the
resﬁlting photography was excellent, although slight attenua-
tion by haze and light smog was encountered. The color
photography was most useful in discefning minute tonal changes

that were very difficult, if not impossible, to detect on the

- 11 -
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lower quality U. S. Geological Survgy of U. S. Forest Service
black and white photography at 1:20,000 scale. Discrimination
of very low relief, windblown sand areas from.the Dawson
Formation and colluvium in the east part of the test site

was facilitated using the color photography, particulariy the
larger scale RC-8 photography. Comparing maps génerated from
the color photography with a soil map comﬁiled from U. S.
Soil Conservation Service data, it is evident that color

" photography is very useful in maping major soil associations
such as the Kettle-Pring-Peyton associations of the Stapleton-
Columbine associations in the test site. Detailed soil unit
discrimination should be possible using laréer-scale (less
than 1:48,000 scale) photography.

High-altitude color inffared photography, also from
Mission 205 and flown simultaneously with the color photography,
was also evaiuated. In the test site, a small amount of additional
information may be obtained by using high-altitude color in-
frared rather than high-altitude color photography. Areas
of high sand content, such as in the west central part of the
test site, may be more easily delineated because the sand has
a higher reflectance in the infrared than the undérlying
Dawson Formation. Discrimination between the sandstones and
shales of the Dawson Formation and theboverlying windblown
sand deposits is very tenuous at this scale in areas where the
sand is not present in a distinctive topographic character, such
as a dune form, but instead forms a veneer -over the Dawson.

This sand veneer, as observed in the field, is generally less

- 13 =



than 3 feet thick. Discrimination of the windblown sand deposits
from the Dawson Formation, in areas where distinctive topographic
form is absent, is further complicated by the fact that the
Dawson Formation is often unconsolidated and assumes thé same
texture on a photograph as the sand deposits. Since the
windblown sand deposits in the test site were derived pri-
marily from the Dawson Formation, these two map units are

very similar in color and lithology. Accurate discrimination

of these units, then, cannot always be made without field
investigations. The lack of physical diversity between the
Dawson Formation, windblown sand,'pédiment gravels, énd terrace
alluviums, generally inhibits photo mapping in the test site
unless the distinctive topographic forms of these respective
units are present. Enhancement of these low-relief topo-
graphic forms was not found to be adequate with this small-
scale stereo photography.

Due to the unusually high amqunt of snowfall in the test
site from November, 1972 throuéh March, 1973, the LSAP exper-
iment proposed for the test site in RSR 72-7 was delayed to
late April or early May, 1973. During this past report period,
simulated LSAP studies were performed in the laboratory using
plastic relief maps of the Colorado Springs area at 1:250,000
scale. These studies indicate that the illumination angle
necessary for optimum enhancement of the sand dunes in the
test site is about 10 to 15 degrees, and the optimum illum-
ination azimuth appears to be from the west, such that shadows
are cast across the east-facing slip faces of the parabolic

dunes.

- 14 -



Plans

The LSAP mission proposed in RSR 72-7 will be flown in
late April or early May, 1973. The first phase of this
project will be to fly a test strip over the test site to
evaluate photographic parameters in order to 6btain the best
quality photography during tﬁe LSAP mission. The second phase
will include exécution of the proposed LSAP mission in
early May. The third, or interpretive, phase of the project

will be conducted during the summer.

- 15 -



‘Eracture‘Studies

Introduction

Investigation continued on e&aluation of the recognition and
mapping of faults and regional fracture patterns from linear
features on photographs and scanner imagery. Emphasis in this
phase was on developing a method for producing computer-
cqmpatible data; modifying existing computer programs, and

making the first computer-assisted analyses of the linears.

Data Collection

All iinear features on a positive imaée are traced onto a
clear overlay. On high-altitude or orbital imagery, the’
objectivity of tracing all inears is more jusfifiable than
on low-altitude imagery where cultural features such as
landlines constitute a large part of the data. However, in
the final analysis, trends due to these sources can be easily
interpreted and discarded if desirable. |

Azimuths of the linears and segments of curvilinears are
measured with an azimuth-indexed turntable. Data are recorded
for 16 equal areas of the image on data formé compatible

with computer card format.

Computer Program

The computer program accepts azimuths for input and produces.
printer lists and plots for analysis. The first'plotlié an
absolute strike-frequency graph on l-degree intervals (Fig. 6).

The range of the graph is 180 degrees from N.90W. to N.90E.

- 16 -
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The second plot is an empirical frequency grapn similar to the
first (Fig. 7). It is constructed by smoothing the absolute
frequency data over a 3 percent interval of the 180-degree
.range. This graph is used in the statistical significance test.
The two plots are followed by two tables. The fifst
(Fig. 8) is a table of significance levels for the.values of
empirical_freqnency. The significance'1evelsnare'calculated
from the binomial distribution, the number of azimuths, and-
the smoothing factor. 1In general; levels gerater than 0.5
are significant and values above 0.9 are very significant.
The last table (Fig. 9) contains azimuths and values of

the maxima in the empirical frequency data.

Computer-assisted Analysis

The azimuths of the maxima of maxima in the table are the
main trends of the linears (Fig. 9). Maxima frequencies,
and therefore their significance values, are interdependent;
that is, large numbers of one trend can conceal trends of
small number. This is acceptable so long as the trends are
all of the same origin. It may be desirable to recognize and

discard data of landlines or roads and reanalyze the remainder.

Preliminary Results

The method was applied to an ERTS MSS image of a part of
the Bonanza test-site. Less than 5 percent of the linears
could be directly attributed to cultural features. A few

percent are due to structures in sedimentary rocks and most

- 18 -
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are from igneous and metamorphic terrains. Eight significant
trends were found, and they are parallel to known regional
structural trends. The trends are strongly aréa-dependent,

each being found in usually less than half of the 16 subdivisions

of the imaged area.

Plans

A number of modifications.and applications will be made
to the method of analysis. The computer program will be modified
to accept the 1eng£hs of linears~as weighting factors of th¢
frequencies. This will increase thebsiénifiéance 6f'lcng,
isolated linears with respect to short, closely spaced ones.
Applications will be made to imagery at larger scales and
to geologic data. ‘Through autocorrelation of empirical
frequency graphs of the imagery and the geologic maps of an

area, an evaluation of geofracture mapping from imagery will

be made.


























































































