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Problems

No llCCL%i CCTs have been received during this reporting period.
The black and white prints have been of poor quality for. the daytime
thermal and visible data. This latter problem has been brought to
NASA's attention.

Accomplishments

The USGS scanner acquired data last October on an east/west
line of latitude 43 027' in Wyoming. The swath width of the line
was approximately 4.25 miles. Data from a portion of this line--
from 1050 21' to 105 6 29'--were digitized, and a noise rejection
filter was applied. An albedo image was formed by combining three
bands of visible data. This was the first attempt at creating an
albedo image in this manner, and the resulting product appears
r_onstant with ground measurements. The albedo image along with the
day and nighttime thermal data was used to construct a relative
thermal-incr.tia image. This image, registered to a topographic
base, shows there arc thermal property differences in the vicinity
of the contact between the Fort Union and Wasatch 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
geologic formations. This thermal-inertia image will also be com-
pared to a satellite thermal-i:-ert-ia map as appropriate data are
made available.

Another set of data was processed from the October Wyoming
mission. The longitude of the flight- line is 106 0 57'30", and the
portion from 44 054' to 44 057' latitude was processed. An algorithm
for geothermal heat-flux mapping was applied to these data to the
underground coal fires known to be present in the area. The re-
sulting heat-flux map showed significant topographic heating effects
as well as the coal fire areas. The topographic problem will re-
quire further investigation.

Significant Results

The significant result's 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
aircraft data.

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

Ken Watson was an invited speaker at the Thirteenth Interna-
tional Symposium on Remote Sensing of the Environment held April
23 at the University of Michigan. The title of his talk was
"Regional thermal-inertia mapping to discriminate geologic materials".
A copy of the summary is submitted with this report. Susanne Miller
presented a poster session titled"The use of thermal data to extend
geologic reconnaissance from satellites" at the symposium.

E. Recommendations

We need satellite data to complete this contract.

P.	 Funds Expended

Total expenditures to date: $71,328

G.	 Data Utility

About 70 black and white screening 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.
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TO DIS41:ININATL' GHOLOCIC MATERIALS

Kenneth Watson

U.S. Geological Survey

Denver. Colorado

SUMMARY

The launch of the IlCAfi-I satellite in April 1978 introduced a new era in
geologic exploration by satellite. For the first time, thermal data appro-
pr.iate for recannaissancc u,e and available over large regions of the globe
are being acquired. Prior to this' time, the primary sources of thermal data
were either from aira::al;- or from weather satollites. Aircraft data are very
restricted in geographic cove ago, and of limited availability and accessi-
bility to' the scier:Lif:ic cormuni ry. Dieteorological satellite data have peen
acquired at too Low a spatial and thermal resoluticn or at inappropriate tines
for most regional geologic applications.

Thermal-infrared data provide unique geologic information, complemenLing
tnat obtained from Lmdsrit reilvctancc data. Thermal inertia, a prooerLy de-
rived from in<asurcmenLs o: thr sur:ac.e-temperature response of materials to a
known hearing flu::, it dependent on the density, the waLor con Cent, and the
composition of geologic materials. Thus it provides an adait_ional dimension
by which to discri.mi.nate units by rer.oto sensing means. Also, because this
property is derived from measurements c' 3er the diurnal cycle, its value is a
weighted average over the thermal ';kin denrh, thus providing information be-
neath that surface which is sensed by refl ectancr. measurements. This skin
depth varies between about 5 and 15 cm for materials ranging from dry soil
to outcrop.

2
Thermalinertia of geologic materials corrTlates in a roughly linear

fashion with bulk density;	 hcw.ver, notable exceptions exist.	 For example,
rocks high in quartz c nteut have high thermal. inertias; dolor„ites generally

` have	 thermal	 inertias rout;tily tt:,, ice	 those of liriestonc-s;	 frost	 i gneous	 rocks
have thermal. inertias very simi.la- to aach other,	 and the. moisture content of

4. soils has a very significant effect on thermal inertia (an 8% increase in
moisture of sandy soil results in a 6'/, dens;.ty increase and a 75 	 thermal
inertia increase).	 Thermal property measurements can thus be used to dis-
criminate certain lithologic tyhcs,	 to map alterat:ion iissociated with silici-
fication or dolo;citiration, 	 to di.ffercnt-iaLc soils with varying ..ioisLurr_
contents and porosities, 	 and to di.scriniinm.a geologic units which are obscured
by the presence of surface cover such as thin soil or desert varnish.

1

As with Lnndsat data, 	 optimal usage of thermal data requires digital
3 processing.	 Ilowevor,	 two additional Pnc'turs make the analysis more complex..

i
The first is that the surface temperature is depeneent not only on tite
incident: solar flux but also on other. fluxes such as the downward-sky thermal
radiation and the atmosohcrlc convective heat- L-ransfcr--tho latter two of
which are not observab L•, from satellites.	 The second factor is that the

” ? surface Lcaaperacurr is a respon:.c Lo the p,:uvious histcry of the surfac-
fluxes--unli.kc reflectivit y mcasurc:;cnts which are. i.naLantaneous values 	 in-
cicpendr_nt of the previnun	 flux.o^	 Accounting fox	 those two factors requ`  os
three additionr.l cons t:rninLS	 fe-r Lhc Optimal extraction of pcologi.c infoi 	 i-

#; ti.on from Lhermal data:	 (a)	 ccll.ection of repeti u.vc thermal data, 	 (b)	 Ic1op-
^: merit of a thermal model,	 nnci	 (•_)	 availability of regional meteorologic - 	 rma-
tion.'
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Day and night thermal data can be used to estimate Cho amplitude of the
diurnal surface-l•..mperature variation, and daytime reflection data can be
used to compute the absorbed solar flux, 'Chose data can then be maChe-
r.'iatically combined to obLai.n an estimate of the thermal inertia. A quantity
dafined as (1.-A)/DV, where A is Clio reflectivity and DV is the clay-night
temperature difference, is called the relative thermal inertia. Under clear,
stable meteorological conditions, and in areas of slight topographic relief
and vegetation cover, this quantity has been related to the thermal inerrAn
of the geologic materials using a simple thermal model. Various parametric
forms relating this relative value to actual thermal inertia have been
developed, and our current re;^_arch indicates Chat a non-linear relationship
is required. The use of i linear 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 cunvectivo
heat transfer have only been considered in rudimentary form. Regional
m&teorol.ogical vari:aLi.ons introduce an ultimate constraint on the applica-
biliL• y of the technique; because the critical data necessary to account for
these effects are rarely collected in a routine fashion ever 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 studies. Unique enhancements of Lopographic features have be In
previously reported, including display of various types of geomor phic infur-
maL-ion at different scales, depending on the time of day. 3ub ' 1e, :;tcuc-
turally conLroll.ed moisture zones have been detected on Lhenral images, and
detection of geothermal heat fluxes ranging from effusive volcanism and hor
springs to fer-ures with no visible anomaly has been reported.

Further extensions of the use of thermal d,-.La for geologic studies wil.l
bn based on the devclopaient of more complove thermal models, Cif_ routine use
cf topographic and regional meCeorological data in the analysis, and incor-
poration of satellite data acquired at additional times in the diurnal cycle.
These, studies should ultimately lay the ;;round work rue. Che develop:!,ent of
future thermal satellite systems with similar crossing Limes and thermal
characteristics but wLth lii p;her ground resolution (comoarabie Lo Clio present
Landsat system) and truly worldwide data coverage.
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