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PREFACE
Objectives:t the objectives of the project were to qualitatively
assess the value of the HCMM thermael imagery as espplied to regioneal
geologic interpretation of structures and lithologies in northern
Oalifornia, The study was based on the probable seasonal soil
moisture changes as a function of the bedrock type. An additional

objective was to delineate known geothermel ereas in the region.

Scope of the Work: HCMM images were reviewed to attempt to relate

recognizable thermal characteristics with known geclogic features

end to compere the date with published geologic maps.

Conclusions: The regional geologic enalysis hes demonstrated theat

the interpretability of the HCMM imeges for geologic purposes is
overwhelmingly influenced by surface topography and vegetation cover;
but the imeges might be most useful in arid or semi-arid regiomns where

the underlying rocks are not masked by thick soil or vegetation.

Recommendations: Piture work should concentrate on the improvement

in the scale end resolution of the imeg-s and to improve the quality

of the products furnished.
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INTRODUCTION

The objectives of the project was to qualitetively assessthe value
of the HCMM thermal imagery ees aprlied to regionel geologic interpretetion.
The estudy focused on the seasonel vearistion in the thermal characteristice
of geologic structures and lithologies, of natural soil moisture as related
to the underlying geology end of known geothermal ereas,

The study aree, located in northern Californie, encompesses ebout
80,000 Kz and includes & variety of complex topographic and geologic
terreins, & number of distinct climatic regimes end a diverse vegetative
cover, A thorough exemination of specific geologic featurec provided the
conceptual fremework, which allowed an evaluetion of the general regionel

relationships within the ares,

METHOD OF STUDY
Deta Aveileble:

l. The project received about 500 separatc imeges of which less than
5% were of usable quelity. The photographic quelity of the HOMM
imeges varied conciderably in graytone characteristics, so that it
wes possible to meke onl crude comparisons between imeges taken
e different times of the year. Cloud- and fog-cover on many of
the images, particularly the Nite IR, further reduced the use-
fullneses of the HCMM data for geologic interpretation. The earliest
imegces evailable were from the spring of 1978 end were obtained near
the end of a two-year drought in Celifornia; hence, these images
may not reflect the thermal characteristics representative cof

normal weather conditions. Among the various types of images, the
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Day Visible and Nite IR proved to be most useful for purposes
of lithologic, structurel and drainage analysis. Except in a few
cases, the Day IR, Thermal Difference and Apparent Thermal Inertia

imeges yielded only very limited emount of additional information,

2. NASA Aircraft underflights: The project utilized previously
obtained NASA Aircraft photography during the course of the in-
vestigation. These photos were of & 30 - 40 mile wide east-west

test strip centered along the 39°00' perallel in northern California.

The pre-launch deta from the underflights were examined in detail
in order to establish photogeologic criteria for the various
lithologic &nd structurel details within the various micro-

climatic regions. During the course of the project, comparison

of the HCMM images with the underflight photography was used

extensively. <

3. Lendset imagery was available for the entire region and wae used 4
3

extensively for pinpointing recognizable vegetaion changes and

as & check on specific geologic features or characteristics to

be examined on the HCMM imagery.
Equipment:

The equipment used to examine the HCMM images was of the simplest type.

In addition to the usual photo interpretive equipment, such as light tables
and binoculer microscope, the imeges were projected onto a iranslucent frosted
glass screen mounted in e moveble frame, The projector was a standard 'over-
the-counter' type 3 1/4" x 4 1/4" clessroom lantern slide projector. The
area to be studied was cut from one copy of the positive transparencies and
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mounted between glase plates, A second copy of the image was filed for
reference purposes,
The imeges could be effectively enlarged to a scale of about 1:500,000;

however, because of the loss of resolution at thies scale, & working scale

of 1:1,000,000 wes established.

Correlation of Geologic Datat
The Principel Investigator hac geologically mepped & small part of
the project area, but he hes limited deteiled knowledge of other parts of
the area, For those regions unfamiliar to the Principal Investigator, the
information obtained from the HCMM images was compared with published geologic

maps and with Lendsat images,

SCIENTIFIC RESULTS

Introcduction:

The predominiant geologic end topographic trend in northern lalifornie
is north-northwest (Pigure 1) and it is apperent thet this trend effects the
regionel thermal cheracteristics as depicted on the HCMM imegery. Super-
imposed on the general trend ere several distinct geomorphic provinces, each
province exhibits a unique topogrephic expression and unique microclimatic
cheracteristics. Th:principle terrestriel influence on the thermal character-
istics observed on the HCMM imagery was found to be topogrephy. The diurnal
thermal variations interact with a given topogrephic regime to produce the
local microclimatic effects most readily observed on the HCMM imagery. The
more subtile thermal effects due to structure, lithclogy end soil moisture
can be recognized only when the effects of topography have been deterrinea

and taxen into account. Consequently, each of the several geomorphic
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provinces were analysed seperately.

Figures 2 and % are Day IR and Nite IR images ootained on Mey 31 and
May 30, respectively, and Figures 4 end 5 were obteined on October 6 and
October 5, 1978 respectively. These images will be referred to through-

out the remeinder of this report.

Northern Coast Ranges:

The present land surface in the northern Coest Range (Figure 1) varies
in elevation from sea level along the coast to & maximum of about 2600 meters
at the crest of the range. Along the eastern slope, the elevetion decreases

to about 300 meters. The ennual precipation rangee from ebout 100 cm along

the coast to sbout 80 cm near the crest and about 50 cm slong the leeward
side of the renge. 1In general, the kind end amount of vegetation changes
with elevation end precipation. Along the coast, the vegetation consists
chiefly of redwood end conifer forests, with localized brusn end gresslands.
On the western slopes, the vegetetion changes to conifer forests and these
forests constitute the bulk of the vegetation within the northern Coast
Range, Brush and scrub oask predominate on the leeward slope.

The geology of the Coast Range is complex and bedrock exposures are
rare, Thus, the thermel cheructeristics in this erea are influenced
chiefly by topcgrephy and vegetetion. The influence of geology upon the
the thermel spectrum is limited; however, a few geologic features are never-
theless discernable on the Nite IR images,

The bedrock in the Coeast Range consists chiefly of metasedimentary

end sedimentary rocks of Mesozoic age that locally have been intruded by

serpentinite. In some arees, the Mesozoic rocks are overlain by Tertiery
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HCMM, Nite IR, kay 30, 1978, # A-A0034-10201-3




Figure 3
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HCMy, Nite IR, October 5, 1978, #A-A0162-10040-3
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Figure 5

HCHM., Day IR, October 6, 1578, #A-A0163-21160-2
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volcanic flows. All of these rocks have undergone structurally complex

deformation and represent the melange belt along the Pacific Coast. The

principal structural elements are northwest-trending faults and fractures,
subparallel with the present trend of the San Andreas Fault,

Attempts to segregate sp.cific rock types, or groups of related rock
types, on the HCMM imeges were lergely unsuccessful; however, lineations
related to the northwest-trending faults and fractures are clearly discern-
able (Figures 3 end 5). Inasmuch es these lineetions coincide with known
topogrephic expressions of faults and fracture systems, it is thought that
the representation on the HCMM imeges is more directly related to topography
than to eny unique thermal properties related to the faults, Analysis of
the HCMM images taken at various times of the year do not disclose zany
thermal characteristics that could be releted directly to rock types or
structurel elements,

The northern Coast Range contains one of the world's largest producing
geothermal fields -- the Geyserg; however, no evidence of thermal areas
could be detected on the HCMM images received by the project, regardless
of the time of year the images were obtained.

In summary, the ability to detect differences in rock types or geo-
thermal ereas within the northern Coast Range is of extremely limited
value. Although some linear elements could be detected, it was thought
that these lineaments are more directly related to the topogravhic effecta
on the imagery than to any inherent thermel properties related to structure

or to rock tyre.
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Sacremento Valley:

The lend surface within the Sacremento Velley ranges in elevetion
from 350 meters above sealevel around the margins of the Valley to about
30 meters near the axis of the Valley. The annual precipitetion ranges
from 40 to 50 cm and the srea is classified as semiarid. Ths vegetation
elong the margins of the Sacremento Velley consists of graesslends with
locel areas dominated by scrub oak and/or dense brush. Ths centrel part
of the velley is irregeted end intensely cultivated.

A ridge and velley topography, developed on homoclinally dipping
interbeds of marine sandstone end shale of Mesozoic age, dominates the
southwestern margin of the Velley. In contrest, the topography along the
northwestern margin is represented by & gently east-dipping surface developsd
on late Tertiary to Recent elluvial fans, The centrel part of the Velley
is a relatively smooth south-sloping surfece developed on thick elluvial
meterial deposited by the Sacreswento River during Pleistocene to Recent
time., The eestern margin of the Valley is defined by the trend of the
Chico Monocline and the land surface rises ebruptly at the monoclinel axis,
East of the monocline, the topogrephy ie & relastively smooth west-sloping
surface into which deep cenyons have been incised. The bedrock across the

monocline is interbedded baseltic- to andesitic-lava flows, pyroclastic

end lahars (volcanic mudflows)., The northern end of the Valley is rimmed
by en irregular hilly topogrephy developed on sedimentary end metesediment-
ary rocks of Paleozoix to Mesozoic ege,

Within the region of ridge and velley topogrephy along the southwestern
margin of the Valley, the messive sendstone beds that underly the ridges cen

be cleerly delineated from the intervening shele bede that underly the
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valleys on some of the Nite IR images (Figures 2 and 4), This can best be
seen on images teken during the spring growing season. Analyses of several
images teken during thie time period suggest that the different -soil
moisture conditions between the more porous sendstone beds end the pertly
impermeable shale beds me account for some of the tonal differences observed
on the HCMM imagery; however, these effects are not easily separated from
the tonal differences erising due to topogrephic expression. FRurthermore,
the tonal expression was not apperent on every imege taken during the time
period. Depending on the quality of the image reproduction, the weather
conditions prevailing at the time the image was obtained and the previous
weather history, the certainty of interpretation was seriously affected,
Subtle tonal differences were observed on the alluvial fans that border
the northwestern margin of the Valley. When compared with the geologic meps
of the area, these tonal differences appear to be related to two episodes
of alluvial fan development. The older fans (Plio-Pleistocene in ege)
appear to exhibit a graytone slightly darker (cooler) then that observed
on the recently building fens. These tonal differences werqhore pronounced
on the Nite IR images teken during the late summer or early eutumn (Figure 4),
Inesmuch &s no obvious difference in vegetation or topogrephy exist between
the two generations of fen development, the tonel difference is attributed to
retainec soil moisture, The older fan materiel is more indureted and probebly
reteins more moisture throughout the summer than does the reletively loosely
compected sand and gravel on the more recent elluviel fans, Agein, no con-
sistency of this phenomenon could be observed on all HCMM imagery, even
within a few days tine span,

Along the northeastern margin of the Sacramento Velley, the exis of the
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Chico Monocline is defined on many of the Nite IR images as a sharp linear
tonal change from medium- to light-gray tonal value west of the axis to very
light-gray to white tones on the east (Figures 2 end 4). This tonal change
may reflect subtle charges in the surface moisture resulting from the down-
dip or downslope migration of groundwater relessed along many fractures

et the crest of the monociine. Landset images and air photos do no indicate
any marked vegetation changes elong the axis, Previous field investigations
by the Principal Investigator during late surmer months disclosed that a
distinct set of fractures exist along the axis and very locally they appear
to be the loci of surface water sesps, This observation cennot adequatlely
account for the continuous linear tonal chauge observed on the HCMM images
becevse the seeps are too snall and too locelized to be expresses at the
scale of the imagery.

As indiceted previously, no lithologic chenge is apperent on either limb
of the monocline end this is substantiated by eir photo and field observetionms.
Further, no definitive thermel cherecteristics releted to bedrock could be
found on the HCMM imegery in mdjecent ereas not effected by folding. The
tonal chenge mey reflect, to some extent, the abrupt change in topographic
relief and to the angle of exposure of the west-fecing slope, because the
elope is relatively wermer during the dey (Figure 3) and cooler et night
(Pigure 2 end 4), Thus, the linear feesture seems to be related to & combin-
ation of factors - - soil moisture and topocgrephic exposure,

One of the objectives of the project was the possible recognition of
buried stream channels beneath the alluviel deposits within the central pert
of the Sacremento Valley. This objective was not ruccessful; partly because

the intensively irregated ground mesked any subtle naturel moisture veristions
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that might heve existed and partly beceuse of the small .cale end resolution
of the imeges. An attempt wae made to evaluate the thermal characteristics
of the irrigation patterns to determine whether or not the various episodes
of irregation during the summer might be related to plant stress and hence
possibly reflect subsurface moisture conditions. This investigation was
unsuccessful.

A smell igneous intrusion within the Sacramento Valley (Marysville
Butte) is clearly evident on some of the HCMM images, On e few images, for
exemple Figure 3, it was possible to differentiucte the igneous core (dark-grey
tone) from the surrounding upturned Mesozcic and Tertiery sedimentary rocks.
However, it was not possible to differentiate specific rock types within the
sedimentery sequence nor to detect smail faults that are known to transect

the Butte,

Modoc Pleteeu:

The lend surfece within the Modoc Plateau ranges in elevation from ebout
350 m elong the axis of the Chico Monosline to about 2500 m, with & maximum
of ebout 3000 m et the top of the higher volcenic pesks. The vegetation
congiste chiefly of conifer forests with intersperced brushlands, In the
higher elevations, the region receives ebout 100 cm of precipitetion, mostly
in the form of winter snow., The eastern and western mergins of the plateau
receives sbout 50 cm of precipitetion.

The Modoc Flateau, in northeastern California, ie made up of thick and
widespread andesitic to besaltic lave flows, pyroclastic deposits end lehars
of Pliocene age and volcenic cones of Plio-Pleistocene ege. The most prom-

inent volceno is Mt. lLessen which wes lest active in the lete 1920's, The
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region contains several hot spring sreas and locelly extensive geothermal
areas, The region underwent extensive glaciation during the Pleistocene
and hence many of the landforms reflect glacial erosion during that period.

Attempts to differentiate the various lava flows from the HCMM images
waes generally unsuccessful; although, on some of the images, the outlines
of flows (defined by thermal cherecteristics) were observed. However, the
delineation of the flows from the imeges was doubtful because the outlines
of these flows changed from image to image or was not evident at all.

On some of the Nite IR imeges (Figure 4) the larger volcanoes were clearly
evident. The thermal characteristice consist of cool (derk) regions around
the bease of the volcances, a warmer (light) bend eround the flanks and &
smr ‘rcular cool (dark) zone at the crest, This reletion suggests that
debris eccumulated at the base of the volcanoes consists of cleyey alluvial
meterial which retains more moisture than the flanks of the volcanoes which
are underlein by coherent volcenic rock. The small circular cool part et the
crests of the volcanoes may represent small depressions which contein alluviel
material washed from the sides of the depressions. Alternatively, since
the warmer areas along the flanks of the volcanoes appears to be at about the
seme elevetion (although the wermer area eppeers to move upwaerd or downward,
depending on the season of the year), the phenomens may be the result of at-
mospheric layering. Atmospheric leyering wes observed within many of the
stream velleys elong the western front of the Modoc Plateau and the Sierra
Nevade and eround the fringes of many of the intermonteine basins in the
Great Basin of Nevada. A similer atmospheric leyering effect may explein the
systemetic thermal variations observed on the volcenoes of the Modoc Pletesu,

Several geothermal ereas are known to exist within the Modoc Platesu,
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Definitive criteria to delineste these ereas from HCMM imagery were not found.
The junction of the southern boundery of the lodoc Plateeu and the north-

ern boundary of the Sierra Nevade is geologically rather sharp and consists

of the juxtaposition of volcanic rocks of the Plateau against the granitic

plutonic end metemorphic rocks of the Sierra Nevada. The Sierrs Nevada

province is cheracterized by many deeply incised stream valleys that, in

generel, trend southwestward; whereas the Modoc Plateau is cheracterized by

a derranged dreinage pattern in the east-centrel part end by a fine-textured

linear pattern elong the western mergin, On the besis of the observed thermal

layering within the stream valleys on the Nite IR images, the junction of

the two provinces could be deduced by the change in dreinage patterns. This

observation depends on the differences in topographic expression rather than

on eny thermal effects due to different 1lithologic units,

Summery :

The thermal IR characteristics of the HCMM imeges vearies among the
geomorphic provinces within northern Californie end in some instances within
e single province, Eech province has & few specific features that can be
delineeted on the HCMM imegery. For exemple: 1) linear features representing
faults or fracture -zones mey be recognized, end locally used to suppliment
current ground informetion, within the northern Cosst Ranges; 2) thermel
characteristics along the margins of the Secramento Velley, a semi-arid
environment, cen be directly related to the varying lithology end structural
elements; and 3) volcenoes within the Modoc Plateau can be identified by their

urmusual thermal characteristics,
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CONCLUSIONS

The results of this investigation can be summerized as fcllows:

1) Topographic expression end vegetation type end density appears to
have the greatest influence on the thermel characteristics recorded on the
HCMM images., These characteristice mey give clues to the underlying bedrock
and geologic structure, if used with extreme caution;

2) Seasonel variation in the thermal cheracteristics of geologic
features, as reflected on the imagery, were not as useful for geoclogic interp-
retation as was enticipeted. Either the weather condition (or history) et the
critical times of the yeur was not eppropriate or the quality of the imagery
was uncertain., These qualifications can be e hindrence to the geologic
interpretation of a region;

3) Evaluetion of the imeges taken over seml-arid regions in ncrthern
California suggest that, for geologic purposes, the HCMM imegery might be most
useful for lithologic and structural studies of arid or semi-arid regions
where bedrock is not masked by thick soil or vegetation cover;

4) On none of the images could the extensive and well known geothermal
areas within Northern California be recognized;

5) The scale and resolution of the imegery was not sdeguate for deteiled
geologic work but the images might be used, within appropriate limits. for
areal reconnaissance on & regional scale to extract potential clues for more
careful studies;

6) The thermal Difference and Apparent Thermel Inertie images provided tq
the project were of extremely limited value for quelitetive geologic interp-

retations.
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