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ILLUSTRATIONS

Figure L. Airborne pessive ultraviolet imsging system.

2., Curves showing relative sensitivity of the S~11 photo=-
-eathode and trassmittence of the Corning T-60 filter.

3. Index mep showing location of HASA test sites.

4, Ultraviolet imagefy of Meteor Craber, Arvizone taken from
an altitude of 3500 feet-above the terrein under marginal
Lighting conditions.

5. Conventionel aerial photograph taken at about the same time
as the imegery end shoving part of the seme area shown in
figure he.

6. Conventional aeriel photograph of the entire area shown
in figure 4. Photograph was taken in 1954

7. Geologic msp of the sedimentary test site near Cane
Springs in northwestern Arizone (Lintz and Bremnan, 1965).

8, Ultraviolet imegery and conventionel eerial photogrephs
taken simulteneously of part of the Cene Springs area showing
the conbacht between Cerboniferous Limestones and unconsoli-~
dated surface material.

9. Ultraviolet imagery and conventlonal aerisl ﬁhotographs
taken simultaneously of part of the Cane Spfings ares shoving

Permian sandstones end overlying surficial deposits.



10.

11.

12,

13,

14,

15.

Ultraviolet imagery of the Kaibab Limestone in the
Came Springs area taken on January 8 and 9.
Ultraviolet imagery of part of the Cane Springs area
showing the northeast trending fault in the Kaibab
Limestone.

Cane Springs area.

a. Ultraviolet imagery showing banded appearance of
basalt lava and underlying older alluvium of Tertiary
age.

b. Conventional air photograph of the same area.
Ultraviolet imagery taken from an altitude of 5000 feet
over the Imperial Valley near the northwestern shore of
the Salton Sea.

Ultraviolet imagery taken from an altitude of 15,000 feet
near the south shore of the Salton Sea.
Ultraviolet imagery along the southeastern shore of the

Salton Sea.

APPENDIX

Appendix A. Plot showing variation in density of negétive

slate 354 of Meteor Crater, Arizona.



INTRODUCTION

The aircraft phase of the ultraviclet program is designed to
produce ultraviolet imagery of geologic and terrain features for
identificatign and direct comparison with imaéery obtained with
other sensors operating at longer wavelengths. The instrumentation
consists of an optical-mechanical line scanner (fig. 1) mounted in
NASA's multi-sensor equipped aircraft, a Convair 240. This aircraft
is operated by the Flight Research Projects Branch, Manned Spacecraft

‘éenter in Houston. The scanner has since been modified and e&uipped
with an ultraviolet sensitive photomultiﬁiier detector featuriné an
S-11 photocathode; a Corning 7-60 filter limits the spectral response
of the system to wavelengths shorter than 40504 (fig. 2). The
system is a so-called passive imaging system which uses the sun as a
source of ultraviolet energy.

.To date, reasonably satisfactory imagery has peén obtained over
the following NASA test sites: Pisgah Crater, Meteor Crater, '
Sedimentary test site, Twin Bﬁttes, and the Salton Sea (fig. 3).

The Pisgah Crater imagery has been discussed in another report
(Hemphill, et al, 1965).

Imagery of the Twin Buttes was obtained in Mission 18 last
January and is to be sent for evaluation to the cooperating

Ainvestigator for this area, John Cooper, U.S. Geological Survey,
Denver. This report discusses imagery obtained on Hission 18 of

Meteor Crater, the Sedimentary test site, and the Salton Sea.



METEOR CRATER (Test site 28)

Seven flights were made over the crater between 0952 azd 1039
hours on Jemuary 8, 1966. Altitude shove Lerrain was 3500 feet for
all flights. According to the Mission 18 flight log (1966), high, thim
broken cloud cover mede lighting conditions only somewhet bebbter than
merginal for color photogrephy.

The first four runs (slate mumbers 352,353, 354, and 355) produced
imegery with the most conbtrast and ;shades of gray (fig. ). The most
highly reflective maverials are weconsolideted -debris eround the mergin
of the crater and within the rim. Also highly reflective is the pale
reddigh brown sendstone neayr the bese of the Mo&nkopiiFomation of
Triassic ege (Shosmaker, 1959, p. 7); this sendstone contrasts merkedly
with overlying dark reddish brovn siltstone as well ag the underlying
Kaibab Limestoune of Permian age. Alluvium of dry sitream washes &1;;0.
sppears light in fone., The darke-toned thin line which oppears in figures
he and ke below the rim of the east and southeast walls, marks the cone
tact between vertical bedrock rim walls , and the unconsolidsted taius
slope beneath. ‘

For comparison, figure 5 shows & convenbicasl serial phobogreph
of the same area teken at about the same time. The area commen to
bO‘bI.l the imsgery and the photograph is cutlined in figure he. Light~toned
Teatures are indicgted ﬁhroughcut much of f;he convéntional pﬁo‘cograph

including the arvea of Ksibadb Limestone outerop to the eost of &



In the ultraviolet imagery in figure 4c, however,vthe light~toned
areas are generally }imited to the sandstone outcrop. This suggests
that this material, at least loéally,.has a relatively high
reflectance in the ultraviolet, thus permitting the sandstone to be
selectively imaged in the ultraviolet, while the outcrops of other
rock types are reduced to below the noise level or are undistinguishak
on th; imagefy in the absence of spectral contrast.

Figure 6 is an aerial photograph of the whole area shown in
figure 4. However, because this photograph was taken in‘1954 and not
at the same time as the UV imagery, direct comparisons are limited.

On all the imagery shown in figure 4, changes in tonal contrast
may be noted which appear to be independent of ultraviolet reflectance
properties of ground features in the field of view (Appendix A).
These tonai contr%sts change abruptly at discrete scan lines in the.
imagery and may be due to random noise in the electronics of the
system. However, at least some of the changes are due to adjustments
in gain and other instrument controls by the operator during the
overflight.

On figures 4a, 4c, and 4d, a marked change in contrast may be
noted in the direction of flight directly over and just beyond the
crater. This change could be due to operator manipulation of the
flight deck controls during the overflight; it could also be due to

operation of the instrument in the automatic gain control (AGC) mode.



The -AGC is a device that permits e relatively comstant oubput
signsl despite a comparabively wide varia’siz;n in amplitude of the
input sigpel. With a minimum of monitoring or humsn intervention, an
AGC permits imeging of featv.rés with a wider range of reflectance
prbperw’sies then would be otherwisge possible within the dynemic rauge
of the system and recording film being used. The sensditivity of the
system is automatically varied invez-'sely with the amplitude of the
input signal. In areas vkere ultraviolet reflectance is high, such as
in the vicinity of the crater, the AGC mey be, im effect, integrating
the total ultreviolet ref;lectmce from several features in the same or
adjacent scen lines, theveby distorting the tonal density of images of

individuel features in and adjescent to the crater.



SEDIMENTARY TEST SITE (Test site 51)

Two runs were made over the sedimentary site (fig. 7), one
a2t 1335 hours on Jenusry 8, 1966 and cnother at 10:30 on Jenpuary 9,
1966 (iission 18 flight log, 1966). Despite overcast sky and generslly
poor lighting conditions, 1m.aéery teken on January 8 shows more contrest
end terrain debail ‘than imagery taken the next dsy when the sky was
clesr. Pigures 8 and 9 shov imegery from two parts of the site taken on
successive days, together with conventional air photogrephs taken ab the
same time as the imsgery. PFigure 8 shows the contact between Callville
and Pekoon (?) Limestomes of Carboniferous nge on the north snd surficiol
deposits of Quaternary avd Recenbt age to ‘the south. Figure 9 shows the
Coconino Sandstone of Permian age and overlying surficial deposits. The
preponderance of well defined detail, tonal contrast, aﬁd a more extensive
groy scale in figures 8a and 9z, strongly suggests that instrument
settings on January 8 were in a more closely optimum adjustment than on
January 9 when weather and lighting conditions vere improved. Adjustment
of £light deck comtrols ead configuration of the electronic dats condition-
ing equipment in the sce.mzer' is apparently very critvical and constitutes
g more significant factor im obteining high contrast imagery than
weather conditions that prevailed et the time of the overflight.

Although the scanner appavently was "peaked” for near maximum
perfom;a.nce during ‘bi:ne January 8 overflight, this. created a problem in
some areas where ultraviolet reflectance was high, es for example, the

Kaibab Limestone as shown in figure 10.



Detail to the west of the Kaibab Limestone outcro§ ; Tigure 10s,

is obscured, provedly as a direct result of the integrating effect
of the AGC civcuitry described above in the discussion of the Meteor
Creter imegery. This was not a problem in the lov contrast imagery
taken on January 9 (fig. 10b).

The northeast trending fault in the Keibab Limestone shows more
clearly in the lov contrast imagery (fig. 11b). However, this is
believed to be a coincidence dug to thg fect that the vést facing fault
scarp has a more pronmounced shadow in thé Jenuary 9 imegery becuase this
imager,}f wes illuminated by a morning sun. Shadows were not pronounced
on January 8 because of the overcast sky (fig. 1la).

In figure 128, a dark toned baselt and underlying dark and light-
toned beds of older Tertisry alluvium in the southern part of the site,
present a pronounced. banded appearance on the ultraviolet imagery.
According to Lintz, et al, (1965), the Tertiary alluvial deposits are
composed of pebbles, cobbles, and boulders of Pre-Canbrian mebamorphic
rocks and Paleozoic limestone. A conven'm'_.onal air photo taken at the
seme fime is shovm in figure 10b; alternating light and dark-toned

‘

natterns are less: apparent on the photograph than on the imagery.



SATLTON SEA (Site 27)

Fifteen runs were made over the Salton Ses sres on January 11
and 12 at altitudes of 5000 and 15,000 feet gbove the terrain
(Fliéht log, Mission 18, 1966). Figuvre is shows imagery taken at
an altitude of 5000 feeb over the Imperial Valley nesr the northe
western shore of the ses. Desplte-the fact that the sky was cloudy,
and the ultraviolet reception was described by the flight operstor as
“minimal®, imagery shown in figure 13 i3 remarkebly clear end free of
noise. Tonal contrsst is excellent.

Figure ih shows a cultivated sres near the shore of the Salton
Sce. This imagery was teken from an eltitude of 15,000 feet on
Jenuary 12 when visibility was described as excellent (Flight log,
Mission 18, 1966). Figure 15 is imegery of the southeastern shore of
the Selton Sea, also from 15,000 feet. Both sets of imagery are
remarkably clear For such extreme altitude; gray scale shows marked
contrast between culbiveted fields. Also clearly shown is the tonal
variation aﬁp&rently caused by -turbidity vhere the Alamo River empiies
inte the sea.

Agricultufal signif;cance of ‘the Selton Sea imegery is being i
evaluated by A.B. Park and his assoclgtes at the Depariment of

Agriculture.



CONCLUSIONS AND RECOMMENDATIONS

Imsge contrast of scome features appear to be enhanced in the
uvltraviclet as compared o the same features on conventional serial .
photographs. Also, the tonal contrast s.hown on the high altitude
imagery of the Saliton Sea, though a first attempt, wes surprisingly
good. Although significence of ultraviolet imasgery (>3500A) in
discriminsting some geologi‘c maberials connot be evaluated on the
basis of the limited tests completed to date; the progrem is continuing
and repeated flights over the{se and other test sites should improve
our ability to predict ultraviolet reflectivity end imege tonal density
in terms of specific geologic and terrain feabures , a8 well as
atmosphere, altitude, end lighting limitations.

The test program to date suggests modifications in airborne
éperation of the ultrs;violet line sconner. It is recommended that trial
flights be made with and without the AGC circuitry in operation.
Operation vithout the AGC should permit fe}aatures to be imsged in terms
of their own individual ultraviolet veflectance properties, and
hopefully, would eliminate tonal anomalies in areas vhere ultraviolet
reflectivity is high, such as at Meteor Crater. It is also recamnende:d
tﬁét necessary menipulation of galn, bias, and other settings on the
flight deck conbrol console be conducted before' a run begins, and that
the controls be “frozen”, so to speak, during 'the run. Ideally, the
same runs should be repeated with a v‘enriety of com;iml-se‘ctfmgs° df

course, setbings for each run would be recorded in the flight log.



Imagery obtained in future flights over the Meteor Crater test -
site could be improved if flight lines were oriented esast-west
instead ofnorth-south. Two east-west flights were included on Mission
185 however, the ultraviolet imagery obtained was of too low contrast
{0 be interpreted. Also, the run was of insufficient léngth to include
several definitive outcrops of the Kaibab Limestone and Moenkopi
Formation, and a well expressed fault to the east of the crater. At
least one east-west flight, eight miles long éentered on the crater,
is suggested.

Laboratory studies in support of the aircraft program are planned
and will include measurement of the distribution of spectral reflectance
of selected test site rocks and surface materials, particularly those
materials which appear to exhibit high reflectance in the ultraviolet,
.such as the sandstone near the base of the Moenkopi Formation in the
Meteor Crater area.

The line scanner is a two channel or so-called "double ended"
instrument. Plans to install a second photomultiplier on the channel
not now being used have been temporarily slowed because of unfore;een
technical préblems during installation. A second channel is badly
needed however, and fortunately it is expected that these installa-
tion probiems will be overcome shortly.

The new photomultiplier willvfeature increased sensitivity at
shorter wavelengths in the near ultraviolet. Also operation of a
second channel will permit sumultaneous imaging %t longer wavelengths

in the visible for direct comparison with the ultraviolet imagery.



Interpretation would be facilitated because both ultraviolet and
visible imagery would be recorded by the same system on the same
medium, either film or tape. Use of conventional alr photogrephs
provided:heretofore as a basis of comparison, is not satisfactory,
mainly because of the grest dilsparity between the 9x9 inch formet sad
large scale of the photograph, and the smsll scale 35mm formab of the

imagery.

10
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Figure 1 - Passive ultraviolet imaging system. Ultraviolet energy
reflected from the earth's surface, is reflected by &
rotating mirror, A, through a light-gathering optical
system, B, and focused on an ultraviolet-semsitive photo-
multiplier, C. The photomultiplier output is emplified
D, and modulates a glow-tube, E, whose line-scan motion
is synchronized with the rotating mirror. Line scan image
is recorded on photographic film, F. Lateral coverage is
obtained by the rotating mirror; forward coverage is

obtained by the forward travel of the aircraft.
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Figure 3 - Index map showing location of NASA test sites.
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Figure 4 - Ultraviolet imagery of Meieor Crater, Arizona taken
from an altitude of 3500 feet above the terrain under
marginal lighting conditions. Slate or run number 352
is shown in 4aj 353 in 4b, 354 in 4c¢, and 355 in 4d.
All runs shown here were made during a 30-minute period
during mid-morning of January 8, 1966. Arrows indicate
the direction of flight. In 4c, features that apparently
are highly reflective in the ultraviolet, and therefore
contrast with surrounding features are indicated by
letter symbols. Symbol a indicates a pale reddish brown
sandstone near the base of the Moenkopi formation
(Shoemaker, 1959); b notes light-toned alluvium deposited
in dry stream beds; ¢ indicates debris from the Coconino
Sandstone and Kaibab Limestone that surrounds the outer
margin of the crater; d shows talus within the rim; and
¢ notes talings from exploratory shafts sunk in the
floor of the crater. Area shown in the conventional
aerial photograph in figure 5 is outlined in 4c.
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Figure 5 - Conventional aerial photography taken at about the same
time as the imagery shown in figure 4c. Area common to
both is outlined in figure 4c. Contrast between the
sandstone bed near the base of the Moenkopi formation(a)
and the Kaibab limestone to the east is more pronounced
on the ultraviolet imagery shown in figure 4c.
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Figure 6 - Conventional aerial photograph of the entire area shown
in Figure 4. Photograph was taken in 1954. Letter
symbols are the same as described for Figure 4c.
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Figure 8 - Ultraviolet imagery and a conventional aerial photo-
graph taken simultaneously of part of the Cane Springs
area showing the contact between Carboniferous lime-
stones to the north and unconsolidated surface material
to the south.

de

b.

d.

Ultraviclet imagery taken at about 13:35 on
January B.

Conventional air photograph taken at the same
time as a.

Ultraviolet imagery taken at about 10:30 on
January 9.

Conventional air photograph taken at the same
time as c.

Despite poor lighting conditions on January 8, optimum
control settings on the scanner permitted taking higher
contrast imagery than on January 9 when lighting conditions
had improved.
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Figure 9 - Ultraviolet imagery and conventional aerial photograph

taken simultaneously of the Cane Springs area showing
the Coconino Sandstone and overlying surficial deposits.

b.

Ce

Ultraviolet imagery taken at about 13:35 on
January 8.

Conventional air photograph taken at the same
time as 2.

Ultraviolet imagery taken at about 10:30 on
January 9.

Conventional air photograph taken at the same
time as c.
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Figure 10 - Ultraviolet imagery of the Kaibab Limestone in the
Cane Springs area taken on January 8 (a), and on
January 9 (b). Detail to the west of the Kaibab
Limestone in 10a is obscure, apparently due to
circuitry limitations in the scanner. In 10b,
control settings of the scanner permitted imaging
detail in this area; however, overall detail in this
flight is low in contrast.
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Figure 11 - Ultraviolet imagery of the Cane Springs area
showing the northeast trending fault in the
Kaibab Limestone.

a. Ultraviolet imagery taken at about 13:35 on
January B.

b, Ultraviolet imagery taken at about 10:30 on
January 9.

Despite lower contrast, fault shows more clearly on

January 9 imagery, because of a more favorable position
of the sun.
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Figure 12 - a. Ultraviolet imagery of the Cane Springs area
showing banded appearance of basalt lava and
underlying older alluvium of Tertiary age.

b. Conventional air photograph of the same area
shown in a.

Both the imagery and the photograph were taken at
about 13:35 on January B.
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Figure 13 - Ultraviolet imagery taken from an altitude of
5000 feet over the Imperial Valley near the
northwestern shore of the Salton Sea.

Tonal contrast between cultivated fields is
considered to be excellent, despite poor
lighting and atmospheric conditions.
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Figure 14 - Ultraviolet imagery taken from an altitude of
15,000 feet near the south shore of the Salton
Sea. Despite extreme altitude, tonal contrast
between cultivated fields is remarkably good.
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Figure 15 - Ultraviolet imagery along the southeastern shore
of the Salton Sea. Red Island, composed of
rhyolite obsidian, is shown at a; Mullet Island
at by c marks a tonal variation which may be caused
by turbidity where the Alamo River, d, empties into
the Salton Sea. Unidentified areas that are highly
reflective in the ultraviolet are shown at e and at
f on the northern tip of Red Island.
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Appendix A.

Plot showing var

354 of Meteor Crate

with a Joyce-Loebl micre

CS) and a Technical Operations Laboratory Isode

Model 565. Measurable variation in tonal contrast,

apparently unrelated to geologic or terrain conditions,
may be noted throughout the central part of the plot;

cause of this wvariation is not known.

Abrupt change parallel to scan line south of the crater
outline may be due to operator manipulaticn of flight-
deck controls; it may also be due to operation of the

instrument in the automatic gain control (AGC) mode.
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