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Problens

No HCCM CCTs have been recelved during this reperting period,
The black and white prints have been of poor quality for the daytiwe
thermal and visible data, This latter problem has been breught to
NASA's attention,

Accomplishments

The USGS scanngr acquired data last October on an east/west
line of latitude 43°27' in Wyoming, The swath width of the line
was approx1mately 4, 25 miles. Data from a portion of this line--
from 105°21' to 105729'——yere digitized, and a nolse rejection
filter was applied. An albedo image was formed by combinirg three
bands of visible data. This was the first attempt at creating an
albedo image in this manner, and the resulting product appears
constant with ground measurements, The albedo image along with the
day and nighttime thermal data was used to construct a relative
thermal-incrtia image., This image, registered to a topographic
base, shows there arc thermal properxty differences in the vicinity
of the contact between the Fort Union and Wasateh Formations. The
next segment of flight line just west of the thermal-inertia image
will be processed and concatenated before further evaluation can
be made., The thermal-inertia image will be analyzed to see if
thermal property differences can be used to distinguish the two
geologie formatilons. This thermal-inertia image will alse be com-
pared o a satellite thermal-izertia map as appropriate data are
made available,

Anotheér set of data was processed from the OcLoher Wyoming
nission. The lgngltude og the flight line is 106°57" 30", and the
portion from 44 54 to 44 57' latitude was processed., An algorithm
for geothermal heat-flux mapping was applied to these data to the
underground ceoal fires known to be present in the area. The re-
sulting heat~flux map showed significant topographic heating effccts
as well as the coal fire areas. The topographic problem will re-
quire further investigation.

Significant Results

The significant results from this report period are: con-
structed a topographically registered relative thermal-inertia
image of a portion of the Powder River Basin, Wyoming, using USGS
airerafc data,

For further details, see the accomplishment section.
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Publications and Presentations

Ken Watson was an invited speaker at the Thirteenth Interna-
tional Symposium on Remote Scnsing of the Environment held April
23 at the University of Michigan. The title of his talk was
"Reglonal thermal-inertia mapping to diseriminate geologic materials".
A copy of the summary is submitted with this repert, Susanne Miller
presenked a poster session titled"the use of thermal data to extend
geologic recomnalssance from satellites" at the symposiunm,

Recommendations

We need satellite data to complete this contract,
Tunds FExpended

Total expenditures to date: $71,328
Data Utdility

About 70 black and white sereening prints have been received,
Of these, there is one day/night set of the Powder River Basin that
looks promising. The day thermal and visible prints are washed out

so the quality of the data cannot be determined., The CCTs of these
data have been ordered. o
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REGLONAL THERMAL-TRERTIA MAPIING
TO DISCRINIBATE GROLOGCIC MATERIALS

Kenneth Watson

U.8. Geological Survey
Denver, Colorado

SUMMARY

The launch of the HCMM satellite in April 1978 intvoduced a new era in
geolopic exploration by satellite. For the first time, thermal data appro-
priate for roconnaissancc use and available over large regions of the globe
arc being acquired. Prior to thig time, the primary sources of thermal data
were either from aiveralr or Zrom weather sartellites. Aireraft data are vexy
restricted in geographic coverane, and of Jimited availability and accessi-
bility to the scientific cormunicy. Meteoralogical satellite data have Leen
acquired 1t voo low a spatial and thermal resolutien or at inappropriate times
for most regional geologic apnlications.

Thermal-infrarcd data provide unique geolongic information, complementing
tnat obtained frow Lendsdt reflevctance data. Thermal inertia, a property de-
rived from medsurements or the suriace-iemperature rosporse of materials to a
known heating [lux, ic dependent on the densily, the water content, and the
composition of geologic materials, Thus it provides an adaitional dimension
by which to discriminate units by remote scnsing means. Also, because this
property 1ls derived from mersurcments ecver the diurnal cycle, its valuc is a
welphted average over the thernal -ikin depth, thus providing information be-
neath that suriace which is senscd by reflectance measurcments. This skin
depth varies between about 5 and 15 cm for materials ranging from dry soil
to outcrop.

Thermal inertia of geologic materials ecorrzlates in a roughly lincar
fashion with bulk density; hoewever, notable exceptions. exist. For example,
rocks high in quartz conteut have high thermel inertias; dolomites geonerally
have thermal ineriias roupghly twice those of linestones; irest jgneous rocks
have thermal inertias very simila- to each other, and the moisture content of
soils has a very significant effecet en thermal inertia (an 8% increase in
moisture of sandy soil results in a 6% dens.ty increase and a 73% thermal
inertia increase). Thermal proporty measurements can thus be used to dis-
criminatz certain lithologic types, to map alteration associated with silici-
fication or delemitvization, to difiercatiate soils with varying .wisture
contents and porosities, and to discriminale geologic units which are obscured
by the presence of surface cover such as thin soil or desert varnish.

As with Londsat data, optimal uvsage of thermal data requires dipital
processing. However, two additionmal foctors make the anolysis more complex.
The first is that the surface temperature is dependent not only on the
incident solar flux but nlse on ocher fluxes such as the downward-sky thermal
radiation and the atmogoheric convactive heat transfler--the latter twoe of
which are not observablr from satellites. Th2 secord factor is that the
sutrface Lemperature is o response Lo the purevious histery of the surfaco
fluxeg--unlike refleecivivy measurcmants which are instantancous values in-
dependent of the previous Tluxes  Accounting for these two factors requ’«es
three additionnl constraines f{or Lhe eptimal extracticn of geelogic infaiin-

tion from thermal data: (a) cellection of repetitive thermal data, (b)Y ~ s«lop-
ment of a thermal wmodel, and (2} availability of regional meteorolopic i: ema-
tion. )ﬂf.
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Day and night thermal data can be used to egtimate the amplitude of the
diurnal surface-t.pperature variation, and daytime reflection data can be
used to compute the absorbed solar flux., These data can then be mathe-
viatically combined to obtain an estimate of the thermal inertia. A quantity
defined as (1-A}/DV, where A is the reflectivity and DV is the day-night
temperature difference, is called the relative thermal inertia. Under clear,
stable meteorological conditions, and in arcas of slight topopraphic relief
and vegetation cover, this quantity has been related to the thennal inertia
of the geologic materials using a simple thermal model. Various parametric
forms relating this relotive value to actual thermal inertia have been
developed, and our current reizavch indicates that a non-linear relationship
ls requirved. The use of a lincar and proportional law can be satisfactory
in certain cases where large thermal-inertia differences exist, The additional
complexity introduced by topographic relief, vegetation cover, and convactive
heat transfer have only been considered in rudimentary form. Regional
méteorological variations introduce an ultimate constraint on the applica-
bility of the technique; because the critical data necessary to account for
these effects are rarely collected in a routine fashion cver many areas.

The most promising initial use of thermal-inertia mapping will thus be
limited to those data sets acquired during nearly optimum meteorological con-
ditions. '

Thermal data provide information in addition to thermal property values
for geologic studics. Unique enhancements of topographic Features have been
previously reported, including display of various types of peomorphic infor-
mation at dififerent scales, depending on the time of day. 3Subcle, struc-
turally conirolled moistuve zones have been deteccted on theriral images. and
detection of geothermal heat fluxes ranging frem effusive volecanism and hotr
springs to fer~ures with no visible anomaly has been reported.

Further extensions of the use of thermal data for pgeologic studies will
be based on the developnent of more complete tharmal models, tha routine use
c{ topographic and regional meteorological data in the analysis, and incor-
poration of satellite data acquired at additional times in the diurral cycle.
These, studies should ultimately lay the ground work For the developuent of
future thermal satellite systems with similar ceressiag times and thermal
characteristics but with higher pround resolution (comparable to the present

Landsat system) and truly worldwide data coverage.
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