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List of illustrations
Part of the San Andrens fault zone and the location of the
Porikfield-Cholome area.
arly morning (obout 0600 Pocific Daylight Time 7-29-G6)
Reconofox IV infrared imogery, southern Cholume Valley and
vicinity. Arrow indicates approximate north.
Hddey (about 1200 Pocific Daylight Time 7-28-66) Reconofax IV
infrored imogery, southern Cholume Velley and vicinity.
Arrow indicates eprroximate north. Double arrows indicate
approximate incidence range of sun's rays during overflignt.
Ponchromabic vertical cerial photo of part of the area showm
in figs. 2A and 23, |
Barly morning (sbout 0600 Pocific Daylight Time 7-29-60)
Reconofax IV infrored imagery, central Cholame Valley and
vicinity. Arrow indicates approximate north.
Middny (about 1200 Pacific Daylight Time 7-28-66)
Reconofax IV infrared imacgery, central Cholame Valley and
vieinity. Arrow indicates approximate north. Double
arrows indicale approximate range of incidence of sun's
rays during overflight.
Panchromatic verticul acrial photo of a part of the area
shown in figs. 3A and 3E.
Early moraing (about 0600 Pacific Daylight Time 7-29~60)

Reconofax IV infrared imagery of northern Cholame Valley ond

vicini®y. Arrov indlcates approximate north.
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C Tigure 4B. Nidday (about 1200 Pacific Doylipght Time 7-23-66)
Reconofue IV inlynrad imagery of northern Cholune Valley
and vicinity. Arrow indicutes upproximate north. Double
arrows indicote gpproximete ranme of incidence of sun's
rays during overflight.

LC. Ponchromotic vertical acerial photo of a part of the arca
shown in fige. 4\ and 4B.

5A. TLorly morning aboubt 0600 Pecific Daylight Time T7-29-G6)
Reconofax IV infrorced imozery of Peaxkfield-Middle Mountain
area. Arrow indicates approximote north.

5B. Midday (about 1200 Pacific Daylight Time 7-28-66)
Reconofax IV infrored imagery of Parklicld-Middle Mountain
arco. Arrov indicates approximate north. Double arrows
indicate appi'oxima"ce ronge of incidence of the sun's rays
during overilight.

5C. Panchromotic vertical aerial photo of a part of the area
shown in figs 5A and 5B.

6. Generalized geologic mep of the Parkfield-Cholame aren,
modified from Jennings (1958), Marsh (1960), Dickinson

(1963, 1966a,b) and unpublished maps by T. W. Dibblee, Jr.;

(1967, fig. 3).




Figure T.

10.

Sketch map of test area near Gold Hill, siﬁe of gronnd
temperature observations of T-29-68 and T-30-68.

Comparison of soil and air tempersture records from ground

test aren near CGeld Hill.

Comparison of infrared temperature for bare soil, dry grass,and
green vegetation at test aree near Geld Hill

Comparison of air temperature and humidity in green vegetation

and over dry-grass covered ares at test area near Gold Hill.
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TABLE
I. Comparison of U, S. Weather Bureau air temperature in ocen‘oigrade
Lor July P8-P9, 19606 and July 29-20, 1968,
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Introduction

This report concerns infrared imagery obtained over an active
segment of the San Andrens fault dwring a period of continuing carthqunke
shocks and measurable fault displacement. The investigation described is
part of a U.S. Geological Burvey program to test and evaluate geologic
applications of a number of recently developed remote sensor techniques
in use by the National Aeronautics and Space Administration. It was
undertaken to determine whether detectable thermal anomalies, marked by
8—1%/A infrared radiation, accompany active faulting.

Despite generally favorable conditions and high-quality imagery,
no anomalies of the type sought were detected. However, the imagery
does illustrate very clearly a number of features that help locate-the
San Andreas fault, and it shows both the limitations and advantage:of
this remote sensing device. This report describes the geologic con-
ditions under which the imagery was obtained, the kinds of thermal
anomalies that were sought, and the results shown by the imagery. It
also briefly examines some vegetation contrasts that are thought to be
responsible for some of the fault-line anomalies evident in the imagery.

The San Andreas fault 1s a major tectonic feature with right-
lateral strike separation measurable in scores of miles. Its current
and historic sctivity is shown by numerous eerthquakes and by many
examples of fault movement at the earth's surface., Because of its
tectonic importance, its 600-mile length, and its ready accessibility
it has been used to evalﬁate and test a number of remote sensing

techniques. For example, Wallace and Moxham (1966) discussed empirical

relations observed in infrared imagery along & segment of the
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Son Andreas fault in the Carrizo Plain and Brown {(1966), in snother
erpirical study, related side-looking rador imagery to geolozy. Other
studies wtilizing remote sensing techniques arce in progress uwlong
sclected parts of the San Andreas fault. OFf necessity most of these
investigations must deal indirectly with the measurable geologic effects
of past faulting rather than directly with the process of faulting. This
is fortunate in some respects, for the geologic effects of numerous
episodes of fault movement tend to be cumulative. They thereby magnify
or enhance evidence of tectonic activity thet might not be apparent
after a single episode of fault movement. On the other hand, it is
often useful to study dynamic geologic processes when they are in
operation, as Fischer and others (1964) have done with infrared surveys
of Hawaiilan volcanoes.

An opportunity to investigate an episode of fault movement on the
San Andreas fault was afforded by the Parkfield-Cholame earthquakes of
June-August 1966. The location of this area is shown in figure 1. This
earthquake sequence began on June 27 with 2 foreshocks that preceded the
main shock of 5.5 magnitude at 9:26 p.m. Pacific Dayligh® Time. The
earthquakes--and the aftershocks that continued for several months--were
accompanied by surface tectonic fractures that exhibited several inches
of right-lateral strike slip displacement. Fault rupture at the surface
was mapped for 23 miles and was observed both on the main trace of the
San Andreas fault and on & subsidiary trace about 0.7 mile southwest of
the main fault. The strike-slip displacement was monitored by a series
of strain-measuring quadrilaterals and detectable movement was recorded

for more than a month after the main shock on June 27. These and other
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The exbead:d duration ol custhiguuke cetlvivy cad fault novesizats
between Parlilield cnd Cholane provided Ldaal ceaditions wo study vthuise
DiadaOile..e wth & varicty of seclogic asund peopiyreicul tools. Iawrored
surveys ol the foulbted arca were uancoritaien becuuse Lt seonicd possiﬁlc
2 ox the Lol
cevlvity. For exawple, wnder favorcble conditlons therml wnanzlies
iight be Lfomsed by:

. Above normal heat-flow associated dircetly with the process of

faulting and with the movement o. oae foult block past another.

b. Disrupticn of the ground-water system Dy faulting in such a
woy that the pre-carthquoke water-table is subgtunticlly
elevated or lowercd with respect to the ground surfuce.

¢c. Introduction of warmer walers, from deep confined aquifers,
into the ncar-surface ground-vater supply, or the more easily
detected-- |

d. Introduction »f warmer woters into surface streams.

e. Abnormal sooling (due to greater surface exposure) of mole-
tracked and fractured ground that is one surface expression of
faulting.

Anomalieé arising solely from (a) sbove are unlikely to be detecﬁuble

by the infrared surveys described here. In o study of the heat Llow
across the San Andreas feult further north Brune and Roy (1968) suggest

that any heat-flow anomaly due to friction on the fault is less than




O'%/(Cul/cm? sec and they cite hgat flow values of 1.%/(cal/cm? sec Tor
& line of heat flow stations that eross the fault near Hollister,
California. At the surface of the earth, absorption and reflection ¢f
solar heat, and radiation of thermal energy into the atmosphere causc
daily fluctuations in surface temperatures that are orders of magnitude
greater than the contribution of geothermal heat. Consequently, precise
studies of geothermal flux are commonly made in bore-holes or mines to
feduce or eliminate the effects of surface heating. Becausc the heat
flow assoclated with fault movements is even le=ss than that normally
measured in studies of the geothermal gradlent, it i1s not surprising
that no such anomaly was detected.

Temperature differences of several degrees centigrade are commonly

encountered as a result of near-surface water tablies and such differences

are detectable with the infrared imapsi ¢ systems used. Many of the most
evident anomalies on both daytime'and nighttime infrared imagery can he
related to the presence of water--in the ground, ponded, or in flowing
streams or possibly to the effects of soil moisture as postulated by
Wallace and Moxham (1966). ,

In addition to}the‘anomalies that might be associated with active
Tault movenments, some geologic units are known to display characteristic
infrared signatures due to their own peéuliar chemical or physical
properties. Such units are most easily recognized and delineated wheré
vegetation is sparse and soil cover is thin., Although the area des-
cribed here is not one of heavy or dense vegetaiion, most of it has some
form of vegetative.cover and alluvium and soil commonly e#tend to depths

‘of at least several feet along the fault. The area, therefore, is nct
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well sulted to the study of the infrered radiation characteristics of
bedrock units, but it does offer the possibility of detecting subtle
soll, ground water, or geologic differences that are reflected in
vegetation patterns, for vegetation of different types and in different
stopes of life are detectable by infrared surveillance.
Infrared imagery

Several sets of infrared imagery are available for the segment of
the San Andreas fault between Parkfield and Cholame. A daylight strip
obtained on June 4, 1965 and at about 1:80,000 scale is part of an
extensive infrared survey of the San Andreas fault in the central Coast
Ranges that was made using a Reconofax III system in a NASA aircraft.
Although the imagery for this strip is high quality, it shows chiefly
vhe effects of mid-day solar heating, which do not facilitate geologic
interpretation., It does, however, show a number of features along the
San Andreas fault, and in some places the fault can be accurately

delineated on the basis of the'imagery. It is of interest here only

because. 1t forms some basis for comparison with post-ecarthquake infrared

daytine imagery.

The first post-earthquake Iinfrared imagery was obtained during
daylight hours on July 7, 1966 using a Bendix infrared imaging radio-
meter aboard an Abrams Aerial Survey Corp. aircraft. This imagery, at:
o scale of about 1:13,000, lacks the sharp contrast and fine detail that
was achieved subsequently with the Reconofax IV system, but it portrays
adequately the more evident daytime thermai anomalies. IFor most of the
arcas imoged the detail is adequate for accurate location of geogrophic

points, and the infrared signature patterns clearly show: trees, tanks,



springs, seops, strewm courses, roads (both paved und unpaved), cublle
trails, buried pipelines, and fields in various stages of cultivation.

Poarts of the Han Andreas fault can be identified from the infrarcd
signatures of sag depressions, offset streams, and straight stream

courses, but it is generally difficult to locate the fault solely on

the basis of the imagery. Like the June 1965 imagery, thot obtained

with the Bendix instrument is not ideally suited to geologic interpre-
tation because it was obtained during daylight hours. Several nighttime
overflights were made with the Bendix system, but apparently instrumental
difficulties were not overcome and no usable nighttime imagery was obtained.

On July 28 and 22, 1966 edditional infrared imagery was obtained
along the fault trace by a NASA Convair 24OA equipped with a Reconofax
IV infrared scanning system. These flights were planned to gather 2

- sets of infrared data: one during the daylipght hours, the other just
before sunrise. Of the two, the pre-sunrise flight was thé most
important for geologic interprétation. Just before daylight solar
heating effects are minimized, most radiating surfaces have lost a large
part of the infraréd energy absorbed during the daylight hours, and
consequently differences in radiation patterns that are due to geologic
phenomena become relatively more detectable. '

The daytime flight was completed between 12:36 and 1:05 p.m. Pacific
Daylight Time, on July 28. The early morning flight on July 29
encountered aircraft positioning problems due to poor'visibility. This
resulted in some delay so that the sun had risen before the flight was
completed. Imagery was obtained between 5:43 and 6:07 a.m. (Pacific

Daylight Time) and suarise was a% about 6:03 (Pacific Daylight Time).




Although the flight data swmmars reports that the sun was several
degrees above the horizon at 5:55 a.m. this must still have been
before sunrise to a ground observer. Despite the possibility that
some of it may have been oblained after sunrise, therec is little or no
evidence of this in the infrared imagery and any efflects duec to solar
heating must be minor. The July 29 imagery is gencrally satisfoctory
Lor pgeologic ini;erprctuﬁion and because 1t ond thut token during the
daytime on July 28 are superior to the other infrared surveys, ‘this
report is concerned solely with the results showvn by the imagery of
July 28 and 29. Although these data were collected more than a month
after the main earthquake on June 27, earthquake activity and fault
movement were continuing. Eaton (in Brown and others, 1967, p. 60)
reports an aftershock rate, recorded at the Gold Hill station about
midvay between Parkfield and Cholame, of 19 quakes per day for July 28,
and Wallace and Roth ( in Brown and others, 1967) have shown that
detectable fault movements con_.‘i;inued into August.

Interpretation of imagery

General discussion.==-Much of the information contained in the

selected samples of early morning (figures 2A, 3A, U4A, and 5A) and mid-

day (figures 2B, 3B, LB, and 5B) infrared imagery can be easily

related to terrain and :::ul'bural features shown on conventional aerial

photographs (figures 2C, 3C, 4C, and 5C). The illustrations of infrared

imagery in this report.ha.ve been enlarged from the original film strip.
Although the infrared radiation depicted in the imagery is a

function of both absolute temperature and emissivity, the variations

in emissivity are probably relatively minor, and most of the ‘contrast




snov.. in the imagery is presumed to ve a funetion of tempercturc. /Ao
reproduced here the infrared imagery shows worm arecs in light tones
and cold areus in dark tones. Thus in figures 2A and 2B, for cxemple,
surlaced rouds, slightly cooler than their surroundings in the daytime
imagery (figure 2B), arc distinetly warmer than the adjoining arcas in
the early morning imagery (figure 2A). Similarly, in the same set of
imagery, the bed of Cholame Creck is relatively cold in the doytbime
imagery and is evident as a dark, well-defined drainage system in &
bacikground of relatively warm grass-covered terrain. The creek bed is
much less evident in the early morning imagery of figure 2A, but can be
distinguished as slightly cooler than its surroundings (right of center
of figure 2A) or slightly warmer than its surroundings (left of center
of figure 2A). The cause of the apparent differences in early morning
infrared radiation from the creek bed is not knowm but it could be a
result of: 1) standing or running water in the lower part}of the stream
(right side of figure 2A) and 8 dry creek bed upstream, 2) warmer run-off
from irrigated fields near the left margin of figure 2A as opposed to
normal or near normal groundvater temperatures dovmstream, or 3)
response of the imagling system to changing infrared temperature; in the
terrain on either side of the stream bed (in this case, the stream bed
infrared temperature may be essentlally the same throughout figure 24,
but because of system response to the entire field of scan it appears
relatively cool in one area and relatively warm in another).

Some features are clearly visible on both daytime and early morning
imagery. Examples are the surfaced roads and stream beds mentioned

above, irrigated fields which are generally coocler than their




curroundinge, ponded water or that in tanks--relatively cool in the
Gaytime dmegery but distinetly warmer than nearby areas at sunrisc--,
ond some cultivated fields which vary in their infrored signatures but
wviilch commonly exhibit a contrast with natural vegetotion.

Other features are readily identifiabdle only on one set of inngzery
or the other. A fence near the center of figure 2B is clearly evident
wnder daytime conditions but is only locally apparent in figure 2A. A
cultivated field northeast of the Jack Ranch headquarters is clearly
cooler thun nearby natural vegetation in the early morning imagery
(figure 3A) but is burely distinguishable in figure 3B. A power line
(left of center of figure 3B) can be identified by the thermal contrast
of its steel towers and by a cool band associated with a road that
follows it, but it is evident in figure 3A (early morning) only by a
warmer-than-normal line that marks the power line road. An airstrip
which shows as a warm band in the early morning imﬁgery of Tigure 3A
cannot be identified in the daytime imagery of figure 3B.

Geologic interpretation.--Numerous examples of relations like

those described above are evident on the infrared imagery illustrated,
but even a cursory examination of the imagery shows that most of the
information conveyed in it concerns differences in vegetation type |
and stages of growth. It is therefore difficult to interpret geologic.
relations diréctly from the infrared imagery. But geologic information
can be extracted from some of the vegetation patterns where these are
controlled by geologic conditions. Interpretation of this sort is
analogous to that used in the geologic interpretation of conventional

aerial photos, where certain vegetation types are known to grow



selectivery on some rochk units aud nov on cthers, or where fault zones
or permeoble strata provide necar-surface growndwobter that foavors growth.
The amount of geologice data that can be extracted from vegetetion
patterns varics greatly with climate, rock type, structural complexity,
and soil depths as well as with other variables. In general, the level

of interpretation possible is considerably less than where bedrock units

are exposed at the surfacz, and soil and vegetative cover is minimal.

Tet, because much of the earth's surface 1s covered with plant growth,
geologic interpretation of vegetative patterns has widespread applico-
bility, and used together with other terrain analysis techniques it is
often the only means of quickly obtaining geologic data by remote means.
Although the imagery shown here was dﬁtained for a study of the
San Andreas fault, it contains additional geologic information as well.
Alluvial deposits of Cholame Valley and its tributary valleys are well
defined, and are manifested in the early morning imagery as darker or
cooler areas surrounded by the warmer tones of hilly areas covered with
natural vegetation. This contrast is most evident where the alluvium
has been cultivated and supports crops, but it is also apparent in
natural vegetation. It is particularly clear in the leff 1/3 of
Tigure 3A where old meander scars of Cholame Creek impinge against the
hilly bedrock terrain to the northeast. To a lesser extent, the
alluvium-bedrock contact can also be detected in the daytime imagery
(see especially figure 2B). Although several factors may contribute
to the characteristic infrared pattern of the alluvium it seems to be
chiefly due to the density and vitality of vegetation there, a result
in turn of richer soil and relatively abundant soil moisture in the

alluviated areas. TFor much of the area shown in figures 2 through 5,




alluvial deposits can e nore casily and mone accurately deliacuibed on
early morning infrarcd imasery than on conventioaul alr photos ox by
other known techniques. Interpretations of this sort, however, must be
mode cautiously, for under certein conditions cool thermal sipgnotures
for valley arcas arc produced by cold ailr thot accumilates at low
elevations during the night (E. Wolfe and M. Clark, personal commun.,
T-1-08).

Another contrast of possible geologic significance is that shown
by hilly oarcas on opposibte sides of the San Andreas fault. The hills
southwest of the fault, in the bottom half of figures 2 and 5 and in
the bottom 1/3 of figures 3 and 4, are intricately dissected and are
covered with both oak and native grasses. Those northeast of the
fault, in the upper part of figures 2 through 5 are less dissected and
are chiefly grass covered. Thesa differences are shown in both daytime
and early morning imagery: tree cover is most evident in the daytime
imagery bﬁt the subtle tonal contrast is more obvious in the early
morning imagery where the upland areas northeast of the fault appear
distinctly warmer and brighter than those to the southwest. Degree of
dissection can be observed about equally well on either set of imagexry.

Nongeologic controls may be responsible for some or all of the
contrast, but published geologic maps (Jennings, 1958; Marsh, 1960;
Dickinson, 1963, 1966a,b) show that the near surface rocks of the two
uplond arcas differ markedly in their physical and chemical properties
(figure 6). Southwest of the fault the Cholame Hills, shown in the
lower parts of figures 2 through 5, are underlain in most places by the

Paso Robles formation Qf late Tertiary to Quaternary age, a sedimentary

1l




Wit o noxsarine origin, compoced chiclly oX saad, silt, eloy, and
gravel. Across the fuult Yo the northeast the hill areas, chowa in

vhe upper part of Lipures 2 throush 5, wre wnderloin by complexly
folded and Ioulted marine sedimentery rocks of Mesozoic and Tertisry
age, and by o teetoniec complex of coataclastically deformed Mesozole
sedinentary rocks thot have been invaded by serpentinite. Althouph

it ls aiffieult o prove sueh o rolotionship, it sacus Lizoly that theue
écolosic differences, through their effeet on native vegetotion, are
responsible for some of the contrast seen in the imagery.

Probably the most striking infrared anomaly shown in the pre-
suarise imapgery is that associated with Gold HIL1l, which shows in
figures 3A and LA as a bripght worm area. This anomaly coincides very
closely with a lens-like mass of hybridized metamorphic and igneous
rocks (figure 6) deseribed by Hoy (1963) as amphibolite and mctamorphosed
crystalline rocks that superficially resemble a medium grained diorite.

Gold Hill is surrounded by relatively young terrace deposits and
alluvium but similar crystalline rocks crop out in a small area aboutb
0.6 mile northeast o the crest of Gold Hill. This relatively small
exposure of Gold Hill lithology is identifiable in figure 3A as bright
warm area similar to the anomaly associa’ed with the larger mass of
crystalline rock.

Without evidence to the contrary, one might account for the Gold |
Hill enomaly by its slope orientation. The thermal anomaly is associated
with a west-facing slope that presumably must attain its maximum
temperature later in the day than adjoining nearly-horizontal lowland
creas. Accordingly the nocturnal cooling curve for the west slope of

Gold Hill could lag behind similar curves for lowland terrain, and
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Lnocurly merning vhorrul waomtly would e prowwsad over the weot slops;
cuen an ahomaly would be lorgely ladspeadeat of peolosic conditicoac.
Two lines of reusening wriue agtinst this eiploanction. Pirst, the omoll

vamn arcis northesst of Gold Hill--and also uwndarlain by crystelline

iibites o warm infrored

w

rocks=-1s in verruin with low reliel, yebt it ¢
cigasture resembling that oi Gold Hill, Second, hill slopes similar in
ﬁekght, pradiont, and ordentution to the west slone of Cold Hill urc
found elsewhere along the northeastern side of Cholame Valley (notably
neesr the upper lelft margin of fisure 2A), yet none of these show
evidence of higher-than-normol radiation. I therefore conclude that
nill slopes shown in the ecarly morning imazery have attained a stote

of thermal equilibriwn and that the Gold Hill anomaly has some other
cause-=-most likely o geologic influence because of the small anomaly
associated with similar rock types to the northeast.

The crystalline rocks of Gold Hill are well exposed in only o Lew
places and most of the area underlain by these rocks is mantled with a
thin soil that supports a sparse native grass cover on the southwest
tope and a grass ond oak cover on the northeast slope. The thermal
inffared characteristics of Gold Hill are therefore progably not a
direet result solely of bedrock lithology, but are due to a combination
of geologically-controlled surface or near-surface conditions. The
reloative sparsencass of grass cover, the thin soll, and the prescnce of
dence crystalline rock at shallow depth probably combine to produce o
surface that, during the nocturnal cooling cycle, emits more radiant
energy than its surroundings. Evidence to support these conclusions is

based chiefly on observations at a test site where thermal conditions in

13
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curead Sodl, oruss eovered Soll, wad Llving vesetuevlon wer: oudllaed
warsag Lhe hours betweca O vane cad 8 Guie--tae resuwlis of tucse
veeervaelbions cre diseussced clsewnore ian tiae report. Other Inlrarcd
wacawlies, similar in toase und contrust to those at Gold Hill aand to
tie aortheast, are wrparent «b a mwiver ol places on the luwpgery; lew
of thesc, if uny, appzar to be litholozicully coatrolled und tiey
apharently wre due o oliiCr, wniinown eLuses.

Anonmelies along the aetive troce of the Bun fvdreus fault.--The

inflrared dawgery ol Ligures 2 through 5 show o vericty of terrain
Lewtures ound vegelubion conbrupts thut wre wlined along the wetive
bruces of the Son Andress fault. None of these appear to be due solely
to the 1966 episode of fuult movement, nor was any evidence found of
infrured enomalies cuused by heat condueted from the ecarth's interior
or by geothermully heuted groundwater.

Muny of the terruin features along the fault, such as offset
streoms, straight, fault-controlled streum seguents, scarps, and sa
depressions arce better seen and more readily interpreted from con-
ventional black and wiiite panchrowatic aerial photos than from the
imagery. TFor this reason, no further evaluation of the terruin featurzs
is attempted in this report.

Some of the vegetation patterns found along the fault are more
clearly defined in the infrared imagery than in other available remote
senging systems. Some of these are, as far as is knowa, shown only by
the infrared imagery. The following discussion concerns a representative
sample of the infrared anomalies that appear along the fault zone and

that seem to be caused by vegetation patterns related to fault trace
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Jeologie conditions. Heurly all of these exmples are Lest exprosced
oa tue carly morndng Luugery of figures 24, 34, 44, und 54,

4 bowely perceptible infrarcd contrast iso siown along the feult
trace in the ledt center purt of figuwre 24 imsedictely southwest of the
Porxficld roud. A dark cool arca northeast of the fault contrasts with
a very slightly warmer arca across the fault to the southwest., IMleld
inspeetion of this ares disclosed no visible soil differences nor wus
gvidence found for neuar surfoce groundwater on either side of the

wult, but the fuult troce marks the approximate boundary between a
relatively thick stond of dry grass (appareatly dead on July ey, 1968--

zoetly 2 years alter the imogery was obbali. ), northeust of the foulsb,

and cinilar but sparser dry Jross southwest of the fault. The anomaly
thus appears to be due to a vegetation differcnce controlled by the
fandt, but its precise cause is unknown. Because the fault commoniy
serves as w barrier to groundwater the vegetution contrast muy be w
result of different groundwuter levels across the fuult; or, because
some wells in Cholame Valley have encountered salt water and others have
vielded fresh water, a soil salinity contrast may be the cause. Whate-
ever the cause, the fault trace appears to be of prime influence in
controlling its effect on vegetation.

A well-defined cool infrered anomaly about O.4 mile north of the
Jack Ranch headquarters is opparent on both figures 3A and 3B. It
appears on figure 3B as g narrow arcuate band, gently concave towards
the west. This pattern coincides with green, living vegetation growing
at the base of a low scarp bordering a sag depression along the most

recent trace of the fault. Spring lines along the fault here éoinci&e
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with the vegetatlon pubiern und uecount Lor ils localinuwtion in a
terruin that is eleewicre covered with dry gress. A much smoller bub
siwiler anomaly 1s visible on the duybtine imagery (figure 3B8) wbout
0.7 mile north of Jack Runch headquartcrs, it appears s o darker ccol
spolt cnd is produced by a small plot of green lealy vegetation growing
in the center of a sag depression that is otherwise marked by bare
soll (Iine sondy silt with scattered coarse sand grains). Thails
relatively smull featurc is not cpposent on the early morning inugery,
and 1t is of interest chiefly bacuuse 1t provided a convenient site at
which to compare thermal and infrared characterisvics of differcnt
surface environments.

A well marked lineament elong the San Andreas fault near <the center
of figure 5A extends for cbout & mile northwest of Parkfield where it
appears as o light-toned warm strip cubting through surrocundings with
more variable infrared characteristics. This lineament can also be
identified in the daytime imagery of figure 5B but it is less distinct
there than in the enrly morning imagery. It can be related to untilled
sparsely wooded grasgland along a narrow trench that is controlled by a
treneh that contains the trace of mogt recent fauvlting. The reloabively
sparse dry grassland of the trench area seems to rodiate (or reflect)
more infrared energy than adjoining tilled areas, which support a
denser grass cover,

Surface observations

Purpose and scope.--To help evaluate the aerial infrared imagery a

small area on the ground was selected where ground based radiometer and -

temperature measurements could be obtained under conditions similar to

16
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Lhose uneowatered during the oveniiisnte. Growad nousurcncnts wera
selhedided for o Dh-hour poriod bevween July 2% and July 30, 1968 so
bt sun positions and gsolur neuting effcets would unproximate those
darsng the flight. A reasonably close approximotion to flisht tilme
coaditions was achieved by reference to the pilot's flipght log of
veather conditions on July 28«29, 1966 and %o U.S. Westher Bureau
Yodords fos wouwehier ub Puso Roules end Priest Vulley, the olusuish
comporable stations for which data were availudle (see table I).

Because most of the characteristic infrared patterns observed in
the airborne imogery seemed to indicate differences in vegetation
putterns, ﬁhc teot areu was selleted to obtain temperature data on dry
barren so@l, on dry grass, and on a plot of gicen, living vegetation.
Only & small arca and a few vegetation types could be examined because
the Infrared radiometer used ic dependent on an external power source,
in this cose an automokile battery, and it is generally impractical to
move the power source cuce a series of measurements have been started.

The influence of near surface air temperature gradients, vhich can
moterially affect infrared imagery, was also considered importani. For
tlils reason it was desirable to select a low area vhere air temperatures
at several heights above the ground could be compared as a n.eans of
determining whether cold air accumulated at low elevations.

For obvious reasons the temperature and other data obtained from
the test area cannot be rigofously applied to the airborne imagery. It
is useful, however, in showing the general range of some of the para-
meters depicted in the imagery and in suggesting reasons for some of the

imagery contrasts.

17



Teble I
Comparison of U.S. Weather Bureau air temperstures in ®Centigrade for

July 28-29, 1966 and July 29-30, 1968

T-28-66 T=29-66
(7-29-68) (7-30-68)
. Low High Low High
Paso Robles 11 (17) 37 (36.8) 6.7 (13.4) 35 (35.55
Priest Velley 7.8 (11.6) 33 (35.5) 8.9 (15.5) 35 (33.5)
‘Average differ- 4.9 +1.2 +6.6 -0.7T

ence T-63

"y



Manlh cocn wad instrunontation.--The test oreca selected is o snnll

¥

Suy Cepression aboud 0,60 mile soullwest ol

-

WIS Skt of Gold IiLl and
awout 0.7 mile northwest of the Juek Ruueh headeuuriters. It lies clong
the 1986 Troeture zone of the San Andrecs fuult and is about midwg
between sbhations FL5 end FL6 of the map ol the foult breuk (Browa und
Vedder, 1907, fig. 2, p. 7). It ic underlain by alluviws, but is cbout
40 {eet above ‘the present lovel ol Cholese Creekts A shwiell pluninetrle
mop of the test erea (figure 7) s its shape and the location of
instrument sites from which data werce obtained. Relief in the vieinity
of the test area is low; the floor of the sag depression is level and
is surrounded by terrain from about 3 to 20 feet higher, with greavest

elief northwest of the depression.

Three types of temperature measuring devices were used. Thermoneters

were placed at varisble ﬁeights on stakes at S-1 and 8-2 (figure 7) to
record near surface air temperature gradients. At S-1, 3 thermometers
were located with their bulbs T inches, 21 inches, and 34 inches above
the grouand surface. A single thermometer was located about 30 inches
above the grouwnd at 8~2, or about 65 inches higher than the bare earth
surface of the sag. All thermometers were exposed to direct radiation.
Recording thermographs were located 2¢ T-1, T-2, and T=-3 (11gure 7) with
their sensing elements buried beneath 2 inches of soil; after burial,
the surface at each of these points was restored as nearly as fossible
to its undisturbed state. Infrared temperatures were obtained on green

vegetation near T-1l, on bare earth near T-2, and on dry grass near T-3.

18
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recorded.
Two types of thoermosrophs were used. Taose ub T-2 and T=3 were
o e
Blectric Autolite imodel 1000 wad recordsd ia the rungse frow £0 to £220°I.

The thermogveph et T-1, also un Zlectrice Awbolite wiodel 1000, houd o

tomperature range of 20 to 120°F. Colibrotion of the thernojm.iis
azainst w mercury thermometer standard indicated they wcgreed to witiiin
2°F for the range of temperatures recorded. Selected thermogruph

temperature values were later converted to centigrade for commarison

-

with otuer readings.

Infrared temperatures were obtained with a Barnes Enginecring
Company IT-3 radiometer (8 %o ‘h/a,SDuctral raange) with a scale calibrated
from =10 to 45°C. Calibration against a water stondard end o mercury
themnometer showed the measurcd infrared temperature to vary ao more
than 0.8°C from the standard iﬁ thevrange Prom 4 to 45°; for most of the
range measured in the field, variation from the standard wes less than
0.5°C. Because of the 45°C upper limit of the radiometer, infrared
temperatures were obtained only during the hours from 2000 to 0800 P.D.T.
The lack of infrared temperaﬁﬁre during daylight hours is not critical
because nearly all of the anomalies shown on the imagery are most
emphasized in the pre-suarise £light.

Besides the temperature records, relative humidity was determined
for air in the vicinity of the green vegetatidn at T-1 and for air cbout
3 feet avove the dry grass covered terrain. These mecsurenments were

made with a hand aspirated psychrometer, chiefly to facilitate humidity
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(fimwe 10) muy be erroneous for they plobt orf the zeneradl tread chows
U otae othaers.

Honrecordiayg dnstrunonts (thormouneters, wawilomober, tad
poyehromecer) were generally reod ab howrly intervels from 0950 to 1550
hours (P.D.T.) July 29, 1968 and from 2000 hours July 29, 1955 to €S00
hours July 30, 1968. Humidity determinations in vegetation were nade ob
2 hour intervals.' The contiauougly recordinz thermogropis were oneraiting
throughout the observation period, but only nourly data ore summarized
here.

Discugsgion of data.-=Data obtained at the test arco are swimerized

in figures 8, 9, and 10.

Figure 8 summarizes thermosraph records of soil temperature, norun
air temperature, and local weather conditions that affect some or «ll of
the temperature measurements. HNone of these data are directly reluted vo
the infrared imogery, wnich measures only surface temperatureg. They axve
of interest, however, because they Jdocument the effects of solar heating
and nocturaal cooling and because they show thot heat losses from the
surface are at a neurly constant, low rate duriag the early morning hourc.

Also of interest is the appareht inswlating effecet showm by dry
grass cover in the thermograph record from T-3. Although during the

veriod of moximum solar heating the grags-covered soil is warmed at

about the same rate as bare soil and attains about the same maxirum

20
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Teapemetuee, Lt cools nicwe Sloviy wad Lo AalilBla LUNDeLGNUVLG LS LSl
GRULeSHE warumer vhan bl Lore soll.  Rls cusoesen vl wnlyr rowalo o
heat loss from dry grass covered aress nwy Le somewios lowess thon et
Aesi bare soil. Thils sugcoctlon o omoowetly econiimead by vhe dndooped
Laperuture cuprves off CQlisure 9 wialel cuow Joreoolly Lioher reddotion

Lecparatbunes Jor ol bare purdueo ol Lhe gyl deneonsion duodngg o

curly worming bours. It doeu noU wgpes huwover WLt pon O e
relaotions snown in the Lmzgery, for maay barce soll arcus shown there
are colder thon grassy terrain.

¢

. \
Tiguwe J)

Beal

Soil tempersture beneuth green vegetation (curve T-1 of
sliows a moximu ot about 1300 hours that is well velow the otlher soll
tenmerature curves and is cven less than normal clr feumerivure--an
effecet due partly to shuding by the lealy plont cover aad partly <o
tronspiration (see relotive hunidity curves of Tigure 10). The early
morning minimum for soll termerature beneuth the vepetation is the guie
as for bare soil, hul this might not be so i the vegetetion-coverad
arco were larger. The small plot of lealy plant growth is apparenvly
the only feature within the test area thoet can be resolved in the
infrored imagery aad it is didentificble only in the doybime imagery us
& cool darlz spot.

The infrared temperatures of figure 9 are more directly rcluted o
contrasts shown in the imogery, provided flight-time conditions were
closcly approximated during the recording pericd. The infrared teuwsero-
ture curves show the green vegetation of the suy depression to be the
coolest of the 3 surface types measurcd. Although test area vegetution

was not detected in the early morning imagery, larger masses of similaer
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Fwondnetion of the imfrarcd imoscery of July 20-29, 1688 couslec wit
srouad measurcneabs mude two yurs luter ylelds tae Jollowiny conelusions:

1. The dodrured Laugery ;howu no dircet cvidence of the 10806
Furkiicld-Cholunie fuuld movement nor doos Lt sucew cvidence oif luadlilect
feets caused by such phenocienu s ddsturbed Jrouad wawver levels or
geothierially heoted woaters.

2. It does afford indirect evidence, in the form of vegzetation
vatierns, thot permit local identilication of the Sun lAndreos fuulih.
such evidence is inadequate te troce the foult continucusly through the
imaged creas and in general the fault is delineated better on panchro-
matic aerial photos. In a few places, however, the infrared imagery is
superior to panchromatic photography Lor this purpose.

3. Some geologic units can be better identified ond more accurctely
delineated on the infrored imagery than oy ctlier remote sensor systems.

In the irmagery evaluoted here, alluvium, crystolline rocks, und possibly

are identifiable and

late Textiary and Quaternary nonmarine strate
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in the clevetion of the groundwuter table ure cily o Jew of tae
influences thut coan completely alter the inflrored reoime of arcus thot
are othervwise ildenticzl. IT dis nearly immossible to cveluate wll these
variobles thoroughly during flizht coveruge of an arcu ¢f the size
reported on here, and it is equully aifficult to dunlicute £1light
conditions for a long enourl period to perform the evaluation later.
Tlowevesr, clues to some of these effects are geacrally present in th
imoery and othcrs.can be evaluated ab a sampic level by prouad
observations. Althoush a rigorous geologic evelustion of Dxmzewny of 00
lorge oun arew is impractical and would probably be unreslistic,

-

General appraisal can be useful if attention is given to the noa-

geologie effects.
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FIGURE 2C PANCHROMATIC
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FIGURE 3C PANCHROMATIC
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Alluvium and landslide debris

3 subunits recognized:

Alluvivm, flood-plain and stream deposits
funpatterned) of unconsolidated sand,
silt, and gravel

Landslide debris. Arrows sho:e inferred
direction of morement

Older alluvium, yflood-pluin and stream
depogits (cireled pattern) of semicon-
solidated sand, silt, and gravel; in most
pluces near or along existing drainage
systems

N
QUATERNARY

Paso Robles Formation
Sedimentary rocks of cantinental origin;
chiefly poorly consolidated clay, silt,
sand, and gravel. May contain some
strata assignable to units other than the
Paso Robles

W
TERTIARY

"

N .

Volecanic rocks <
Rhyolite and ohsidinon
of Miacene(?) age

Sedimentary rocks

Well to moderately indurated clastic rocks
rariable in lithology it dominantly
sandstone, shale, and conglomerate.
Chiefly of marine origin except in upper
part. Tertiary part of unit contains
numerous wunconformities and is char-
acterized by abundant facies chunges.
Conteing strata of Cretaceous nge only
on the nurtheast side of the Sun Andreas
Sreult

' B T T

CRETACEOUS

Figure 6.ZGeneralized Gesicyle map of the Parkfield=Cholame aréa,

modified from Jennings (1958),
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- Crystalline rocks of intrusive and s
metamorphic origin
Hybridized metamorphic and igneons rocks
along and within the Sun Andreas fuult
zone J

ROCKS OF UNCERTAIN
STRATIGRAPHIC POSITION

T
// [P0 4
#
-

RS

)
.

7 .

A 7

Tectonic complex

Megabreccio and shear-zone debris deprived
chicfly from sedimentary and igneous
rocks genevally assigned to the Frao-
cisean Formation. Includes tabuloy and
lenticular bodies of serpentine. Con-
Stued to San Andreas fault zone and area
nartheast of it

sseesevanons

Fracture zone of June July 1966
Dotted where location in upeertain (other
JSuanlts are not shown)

Marsh (1960), Dickimsom -

(1963, 1966a,b ) and unpublished maps by T. W. Dibblee, Jr.;

(1967, Fig.3).
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