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EVALUATION OF INFRARED IMAGERY APPLICATIONS

TC STUDIES OF SURFICIAL GEOLOGY - YELLOWSTONE PARK

by

Kenneth L. Plerce

ABSTRACT

Infrared imsgery, in the 3-5 micron band, was obtained during afternocon

and post-sunset hours of August 1966 by the H.R.B. Singer Corporation on
contract to the U. 8. Geological Survey. Analysis of these data reveals
that known thermal features such as hot and cold springs, glaciers and
snow fields and lakes are readily identified on day and night images 5ut
that areas of known "hydrothermal"” alteration are not detectsble by the
system employed. |

Surficial deposits such as talus and frost rubble are generally
light toned but commonly darker than outcrops warmed by solar radiation.
Sharp constrasts were noted between forest and grassland areas. Attempts
were made to use the imagery in mapping surficial deposits in seversl
areas but results were variable due to the overriding effects of outerop-
forest-grassland contrasts. Recommendations for future migsions are

presented.



INTRODUCTTON

This report is an evaluation of 3-5 micron infraied iﬁagery taken
over most of Yeilcwstone Park in mid-afternoon (3-U p.m.) and an hour
or so after sunset (8-11 p.mf) during the period August 13-15, 1966.

Excepting thermal areas (hot springs, hot gas vents, and hot
groﬁnd)'and possibly some outerops of limestone, no features of geologic
significance were noted on the IR Imagery that are not more definitively
shown on the black-and-white aerial photographs.

| Gefald M..Richmbnd and I afe currently studying the surficial geology

ofithe Park. The imagery was examined to see if and how it portrayed
fentures of the surficial geology alresdy known from recent field studies

in the Park,

i}



Several times during the last few million years, glaciers
accurulated in the Yellowstone area and covered most of the Park,

The last such glaciation, the Pinedale, occurred 25,000 to 8,000
years ago. Preceding.this was the Bull Lake glaciation, 80,000 to
30,000 years ago, and several pre-Bull Lake glaciations. Because the
Pinedale glaciation covered almost all the area covered by the
previous glaciation, most of the surficial deposits are of Pinedsle
age or younger. Deposits directly associated with glaciers include
till, outwash, kame deposits, rock glaciers, Deposits associated
with glacial climate include talus, frost rubble, stream gravels,
fan'gravels, solifluction deposits, avalanche debris, lake sediments,
and colluvium. About 95 Percent of the areas of the Park is mantled
by surficial deposits.

The imagery was exsmined to see if and how it portrayed the
surfieial geoclogy already known from recent field studies in the Park.
Also, the imagery was compared with black-and-white photographs of the
same drea to see which showed the nature of the features most clearly.
In this report the numbers, such as (21-6), refer to the location on
the imagery by Mission and Run. Except for the_discussion of foregt-
grassland contrasts, no discussion of vegetation and topographic

features is presented here.
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. 'Geologic features directly shown by the imagery

o ! Included in this section are features of geologic significance
%where a characteristic of the material itself is directly sensed on

4 %the IR imagery.

| As a heat sensing device, the IR imagery éhows-the hot spring

6 1and hot gas vents areas well. Areas of warm or hot ground heated
‘srom below are also shown, as the area near 01d Faithful (20-2)
Epresently studied by Lee Miller of the University of Michigen. The

9 ‘imagery (19~3) shows at least one sizable area of hot -spring activity

mdinot shown on the recent topographic maps of the Park. This area is

3 Eabout one mile south of White ILake and about 6 miles northeast of

1 EFishing Bridge.. It is about 1 1/2 miles long in a north south

13 %direction and up to one-half mile wide. The area does show up well

1« on the aerial photographs of the region, and as indicated on Boyd's

i+ map (1961), has been previously recognized.

1%

"i‘ P8, GUVERSS N N WG ERT D et O ALELTI




1Y

9.126%

24

The imagery indicates that there is no detectable thermal

activity in Brimstone Basin or along the Brimstone alignment

.located east of Yellowstone Lake. Fleld inspection shows extensive

- this allgnment, and that cool, HéS rich gas is escaping at the surface l

through gas vents and cool springs. Thus, the activity'along the

Brimstone alignment seems fundamentally different from the hot spring
activity cammon in other parts of the Park. Rock alterabion by

swlfuric acid (formed by the H,5 gas and water) has not produced

| .
x~Wenough heat to be shown by this IR imagery. IR imaging over the

"hydrothermal” alteration of the bedrock and surficial materials along

|

|

|
|

|
f

BrimstOne area just before sunrige might detect this heat of alteration4

A direct overflight of the Brimstone alignment is needed; in the presenﬂ

1magery; this allgnment is along the edges of the imaged strlps

Hot springs beneath Yellowstone Lake, such as those near lake
$utte (19-3) do not show on the imagery. Afternoon imagery near
West Thumb (20-4) shows hot waters flowing for 100 feet or so out
Lver the surface of the lake before'they merge with the lake water.
Early morning IR imagery designed to plck up these differences might

be able to trace this water contrast for a greater distance.

'“”‘ Glaciers and snowbanks within cirques  show as dark on the TR

imagery; and are obviously cool (fig. 1, fig. 12). Apparently, the
ER 1magery does not distinguish between snowbanks and glaciers,
’except by their form and topographic position.

b -

x
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fsouth facing slope in Sylvan Pass is generally warmer than the north

:facing slope due to the sun-oriented slope effect.) Because of the

llocate talus and outcrops and hence define the relatlve tone of

outerop and talus. Talus in the cirques and on north- and east facing

.sun, the talus may be locally as light (warm) as the adjacent rock

|outerops (fig. 1), but is commonly darker (fig. 1). Shortly after

Outcrops, talus, and frost rubble are generally revealed as

light tones on the imagery. For the slopes most recently warmed by the

isunset outcrops appear lighter than talus. For example, the

northeast facing slopes of Sylvan Pass (fig. 1) show the talus as }

medlum gray and the vertical cliffs as light gray. (Wote that the

‘small scale of the imagery, it is commonly not possible to accurately

slopes does not show up well on the imagery, although outcrops
commonly do (fig. 1).

Bare rock, locally mantled by rock rubble is exposed almost
continuously in the canyon of Yellowstone River. The area shows on
the 9-10 p.m. imagery as light gray (fig. 2).

Tn forested regions of the Park, some areas of thick till and
thick kome sediments have a general tone on the imagery slightly dafkef
than nearby forested areas where £111 does not mantle the bedrock.

Robert Christiansen (personal communication, 1967) noted such an area

'along the Gibbon River. A similar relation is very weakly suggested

'on the imagery of the upper Gallatin Valley area (fig. 7), where a till -

aren appears darker than a bvedrock area. Both are forested regions on

'a bench underlain by Yellowstone Tuff.

e = e e s e R
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v The imagery of the Sylvan Iake area (fig. 1), shows a similar

[

lfeature, but is complicated by the fact that the surficial deposits of

| .
3 kame gand and gravel also occur. in a valley bottom, where the valley

| effect, as discussed next.

5o On the evening imagery, the lower parts of the valleys appear 3

!darker than the higher slcpes and ridges. Several features may be |

’ !responsibie for this: 1) cold air settles to the lower parts of the

o

ivalleys, é) during the iater paxt of the.day, solar heating is more
? Ld:.mln:\.shed down in tne valleys than it is on the nigher slopes, and t
10 - \3) accumulations of surficial material -- till, alluvium, and ‘

" \colluvmum -~ are generally thicker in the lower parts of the wvalleys.

12 !Only the last feature is closely related to the surficial geology,

13 Ebu.t is probably at most a minor factor on the IR Imagery.

1 VEgetatlon Contrasts Shown by the IR Imagery i

e There is a prominent tone contrast between forests and dry

s ?graSslands, and the sense of tlhis contrast is reversed between the

'3-4 p.m. and 8-11 p.m. imagery. As used in this paper, dry grasslands

" or simply grasslands refers to grasslands where the soil is not wet,

and has about the same moisture content as the forested fegions.

?(The contrast between wet grasslands or SWamDPS and adjacent dry
t
grasslanis and forests is discussed at the end of this section.)

Because the forest grassland contrast is one of the main variations
|
: |

shown by the imagery, it lS discussed at fair 1ength here. This =
;forest-grassland contrast in some places also defines contacts

petween surficial materials. . i

7 17, ¥, GOVERNL ENT PRIVTING OFFICE @ 1959 O - 51117

287100



-1287

b On the afternoon imagery, the grasslands ‘appear 11ghter than the '
|

s and conifer forests of .10-. 15 (Budyko, 1956, p. 36). This is also !
' !

!adjacent forests (fig. 5). The albedo of grasslands is also higher

j than that of conifer forests, for meadows have a value of J15-.25

con 1rmed by aerial photographs of the Park region, where forests are
6 ‘always darker than grasslands. In terms of absorption, the solar |
; absorptlon coefficient of a pine forest is .86 and or high dry grass

. is .67-.69 (Brooks, 1959, p. 58). Thus although the forest absorbs

¢ more solar radiation than the grasslands during the day, the IR
o éimagery shows it does not re-emit as much IR radiation,

. In contrast with the 3-4 p.m. imagery, on the 8-11 p.m. imagery

L fthe gragslands are relatively dark and the forests are light gray. In

15 ' places this might be Primarily due to evaporative cooling in wet areas,

ta ‘but much of the grasslands are no wetter than the adjacent forests, j
- a8 indlcated in the following exémples:

C L. Near West Yellowstone (fig. 3), the grassland in blocks of

s | recently timbered forest is dark gray, but the adjacent

forest is light gray.

o 2. A lerge, grassed-over burn in the valley of Chipmunk Creek
v is medium gray, whereas the adjacent unburned forest is

| light gray (fig. h)f

3. Hayden Valley {fig. 2), a large sagebrush and grass lowland

F is dark compared to the adjacent forests.

‘4. In the northern and drier part of the Park, dry hillside grassr
' lands are darker than the adjacent forests, such as in the
error Plateau ares (flg '5) of in the Antelope Creek ba51n (PL-4),

t - — - —- —
——— o L - R B R ————
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The forests show up lighter on the 8-11 p.m. IR imagery because

they are warmer. This is a general relationship that is substantiated

and adjacent clearings, as in the following examples.

.

forest and natural grasslands ("parks"), Pearson found (1913,

i
: . . . l
' by actual measurements on nocturnal or minimum temperature in forests I

During October in a Ponderosa pine stand near Flagstaff,

Arizona, G. A. Pearson (1913, table 3) determined that the
mean minimum temperature was 3.1°F cooler in a cut-over area

then in the uwcut forest. In another study area of open

p. 1619) that on clear nights the forest was commonly 10°F

warmer than the adjacent parks. (In the later case, he

gttributed most, but not a2ll, of the éooling of the parks to
movement of ceold air from the mountain sides over the tree
crovms and iﬁto the parks.)

For a pine forest broken by clearings near leipzig, Rudolph
Geiger (1950, fig. 159, after H. G. Koch).has constructed a
diagram.of the diurnal change in temperature zlong a transect?
crossing through the forest and clearings. This diagram :
cleafly shows the cooling of the clearings after sunset, _
and the increase in the temperzture differential between the i
forest and clearings until at sunrise the clearings are abouti

4°C¢ colder than the forest.

Coon G HNRENT PRINTING OFFLCw 0 19ty 4 = 511171
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Ex

5 1 would be difficult to determine these features to be landslides upon

Locally landslides are common in the Park, and because landslides

T

‘ are commonly poorly drained moist areas, they might be expected to
| | o
, show up well on the IR imagery. Iandslides and_especially the lakes

within them, can be outlined on the imagery (figs. 8, 9 10), but it

. the basis of the IR imagery alone. Most of the landslides are ;

i
L
| readily apparent on the black-and-white aerial photographs.
[

Recammendations :

In order to better evaluate the imagery and the significance of

i sbout selecied areas, rather than blanket coverage of the Park.
. Lower altitude imagery would make it possible to identify more i
. specific features, and compare their IR characteristics. For exampl,e,i
| talus, bare frost rubble, 1ichen-coﬁered frost rubble, and outcrops
" might be located and compared on lower-altitude ilmegery.

Imagery of the same place, flown at Y-hour intervals, would tell
. much more about the diurnal temperature curves of the materials and
" the curves estimated in fig. 14 could be revised and refined. A
: flight just before sunrise might prove of more wvalue than the
. 3-4 p.m. and 8-11 p.m. flights, for the slope effect would be
greatly reduced and thermal information more related to other
: geologlc features might e brought out. Imagery taken at noon might i

be more valuable than at 3 p.m., where the slope effect is so dominant

as to obliterate other features. !
|

18 U, 5. GOVERNMNT PHINEING OFFICE ;1959 O - 51117
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the tonal contrasts, it would be advantageous to obtain more informatién
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General tone of tll mantled aorea One, west facing moraine front of
slightly darker than adjocent grea  Pinedale age. Shows because of ,Upper Gollatin
underigin by Yellowstone tuff vai
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Figure 7. Upper Gallatin Valley (21-7 10:30 Py)

Moraines of both Pinedale (pd) and Bull Lake (bl) age occur at the
mouths of the valleys, but are poorly and inconsistently shown by the
imagery, Where shown, the moraines are indirectly indicated by such
features as trees, southwest facing slopes, greater exposure of mineral
soil, and elevation above wet, cool, bottlands. There is a suggestion
that the general tone of the till mantled area is slightly darker than
the adjacent area, mostly underlain by Yellowstone tuff,
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Figure 10. Landslides near Gardiner. (20-6, 4 PM)

Low-altitude IR 1magery flown in the afternoon. Lumpy landslides
(earthflows) associated with bentonic Cretaceous shales are shown in
the upper half of the figure. Note the glacial streaming in the lower
part of the image.
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Figure 11. Heghen Lake area. (21-8, 11 PM)

Moraines of Bull Lake age are piled up against Horse Butte and form The
Narrows in Hegben Lake. The dark belt across the center of the image, a grass-
land belt between forests, crudely approximates the fom of the moraines.
Moraines of lower (b1} and upper (Qbu} Bull Lake age are not distinguishable
on the imagery. (General geology after Richmond, 1964, map) .
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