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Frontispiece: Typieal fault trace topography
on the San Andreas fault southeast of
Garnet.




List of illustrations ana tables.

Tapls O CONTENTS

Abstract. = = = = = = - - - - -~

l.

lU.
ii.

Acknowleagements.

The probiem. - - - - - - - -
Previous work. - - - - - - -
The apperatus. - — - - = - -
Procedure. - = - = = — = = -

Fecoraing of observations.

Sonie precautions in making observatiocns

Location anu geologic setting
SUPVEYSe = = — = = = = = — =

Theorye = = = = = = = = = — =

Besuits of tae surveys.
ConcliusionsS. — - = — — — — —

Future WOTrKe = - = = = =~ — =

t
|
!
|
|
1
|

Biblicgraphy. - - = - - = - - -

of

the

VI

oo

oy



List of iliustratiocus:

Frontispiece. Typical fault trace topogrephy

o«
.

iU.

1z
e

o the San Anareas Fsult soutbi.east
of Garnet. - - = = = = - - - - —- - - 11

Wiring dlegram of the portable
airectionel raonge rincer. - - - -« - 4

Pnotogruph of tie directicuel renge
finder. - - = = = = = = = = = - - - b

Wiring alegram of the fiela otrengtu
meter, = = = -~ = = = - - -~ - ~ - - 6

Map showing tae areas stualied. - - - 12

kap of tie San Jacinto Valley showing
location of the traverses. - -~ - - - 14

San Jacinto Valliey curves J4, J5, Jo,
J7, J8&, Jl4, J1b, Jlb. - - - -~ - - ~ 1

San Jacinto Vailey curves Ji, JY,

JLOu = = = = = = om m e e e = o R

Indio-Garuet area curves TloF, Tl4F,
T18F, Teel, TeolFe - = = = = - - - ~ 24

Imperial Velley curves Il, Iz, I10.- 0

Map of tie San Dernardino arcea
showing the roads surveyed anc
week spots. - - = = = = - - - - - <~ b

Map of tne }cw J rsey aree showing
weak spots, geology, anc the roads
SUTVEYEU, = — — — = — — = — = ~ — = 5

New Jersey survey curves TOoN, Tou,
T'?I‘E,‘IO“. ———-.._.____________54

List of tables:

Taitle 1.

Radio stations whose broadcast
signals were used 1n tnls swvey. - - 7

Saiwples of dute sheets to siow
wmetiods usea to recora data.s - - - — 10

Freguencies of variation ol tiie
norizontal angle of the radic fieids
in tae San Jecinto Valiey. - - - - - 2U



. ;
ABSTRACT,

Radio fields at standard broadcast freguencies
were examined over faults to determine how the
geologic conditions affected the fields. The fields
in rugged and densely inhabited areas were found
to be too irregular to yield understandable patterns.
Very small variations in the direction of the field
were suggested but not proven over tie San Jacinto
Fault in the San Jacinto Valley. No variations
in intensity were found over the San Andreas Fault
east of Palm Springs, but variations were observed
at some places over the Piedmont Fault in New
Jersey. Such variations might be due to the higher
conductivity of tne fault plane, or to tiie aauition
of waves reflected ana refracted by the fault
surface. Weak areas near San Bernardino were noted,
but coula not be correlatea with faults. Further
studies, especially directional, with more delicate

apparatus than used in tildls survey are needed.
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SUwl EFFECTS OF GBULOGIC STHUCIUR: ON HabIU RiCupPTiON.

l. The probleii:

The existance of areas where radio signals
are receivea relatively weakly or not at all has
been well known for a long tims. Anyone who has
listened to a car radio while traveling will have
noticed that tine radio went MWdead" when passing
under & railway overpass or tarougn a tunnel,

And he will recall the static caused by nearby

power lines. Any form of wetaliic shielaing, and

in wany cases buildings, or rises in ground such

as road cuts, hills, or mountains strikingly cut

aown tne signals received in their M"shadow", Besides
tiese obvious cases of shielding, tnere appear to

be othier less well understood causes of "weak

spots" of radio recepticn. -(The terw "dead spots®

has been coumuwoniy used to deseribe areas of esyecially
poor recepticn, but tae asuthor feels tuat "wesak

spots" 1s a more accurate description.) It has

been suggested that certain geologic structures,
notably contacts between rocks of different couwpositions,
especially fault contacts, might hsve some influence
on tine strengtn of radio wavesl. Relatively l1little
WOrK has been done on tals problewm; anc what has

been done has not, in most cases, been publishsad.

The result is tuat no clear explanation of tue

relationship between geologic structures and radio



weak spots has been umude known.

The problem undertiken was to exawine
certain geologic structures to ascertain if there
were any irregularities in tue radio field nesr
these structures and not tne result of non~geologic
infiuences; and to examins any known, available
weak spots, apparently adue to gzologic structures,
in order to determine, if possible, exactly what
the effect of the geologic structure was.,

The value of a survey of this sort arises
frow tihe possibility of aeveloping a siumple, inexpensive,
new metaoa of locating faults ana contacts, botn
for scientific interest, snu because the location
of valuable mineral snd oil deposits is fraguently

controlleu in past by tuese structurss.

<. Previous work:

The most important work on tinis subject

is that of FErnst Cloost

. His findings are quite
specific; he discovered "dead" spcts over certain
fauits ana sedimentary contacts between the Baltimore
gneiss anda the Setters forﬁation, which is composed
cf mica schists anu gneiss ana quartzitesz, ana
between tiie Setters formation and t.ie Cokeysville
marble in tihe region just north of Baltimore,
erylanu. He did not attewpt to explain tine cause
of the "deaa" spots.

Considerable work has becn done by Geruan

scientists on tie transmissicn of radio waves
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in tiie ground; ana it has been pointed out that
these waves are both reflectea ana refracted at
the contacts between bodies of different materials.
Studaies have also been wade showing that
the deptu of penetration of radio waves into the
ground is relatively small, helf oi tihelir intensity
being absorbed in a few tens of feet4’5’6’7.
Besides tiils, the autuor has a number
of personal communications releting to stuules
similar to that of Dr. Cloos. Some of these corroborated
him, while otuers were inconclusive.
A similar uethod has been used by ur.
W. 4. Barrett in tiie wmid-continent anu gulf-coast
regionss. He claims, among other tuings, to be able
to locate faults by their effects on tiie field
of a portable broaacaster set up nearby. The chiefl
differences between his methods ana those usea
here are tiat he uses his own broadcaster, whereas
this survey used coumuercial broadcasting stations;
and kr. Barrett uweasures a diiferent component

of tie radio fiela than is measured liere.

5. The apparatus:

The two sets of apparatus used were provided
vy tae geological departuwent of tie Califernie
te of Tecnnology, being bullt with application
to this particular problem in wina anc for use
is courses in appliea geophysics. The first set

was a portable directional range finder (figs. 1
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Figure 1., Viring disgram of the portabls directional

range ifinder,



Figure 2. Photograph of the directiomal range finder.

and 2), consisting of a pair of loop antennae
leading to a superheterodyne receiver grounded
to its case and mounted on a sturdy tripod. The
tripod head was rotatable about two perpendicular
axes, and was eyuipped with an orienting coupass
and leveling screws to make one axis vertical.
It was connected to an awplifier which, for convenience,
could be hung on one leg of the tripod, and was eguipped
with earphones. A millismmeter in the output circuit
measured the field strengtil.

The second set of apparatus was a portable
field strength meter (fig. 3) consisting of a
radio-frequency tuned receiver with tiree stages

of amplification including the detector tube.
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Figure 4., Wiring diagrem of the field strength meter.

The antenna was a small whip-type car antenna.
A millijauweter and phones coumposed tie loaw circuit.
This instrument was used in place of the other
where only tie field strengtn was to be measured.
1t was easier to handle, reuuced directionazl erfects
to a miniwuwn in the field strengtia recorded, ana
readings coula be made withn it much more rapidly
tnan with t.e awkward directional instruwent.

Bota instruwernts were tuuned to tiie standsrd

broaucast range. Tacle 1 shows the stations used.

4. Procedure:
Type 1: Directionwl wmessurements.
Series of traverses were run across
known faults using tne portavle airecticnsl range
finder. in mwost cases several parallel lines were
run separated by a small distence. In several

cases lines were also run paralizl to tae fault



STATION FREQ.
(ke.)

KF1

KEXM

XECL

KY Ui
WCAQ

WABC
WEAF
WOR
WIZ
WiCA
WIP

Table 1.

640

1050
1070

90

600

880
660
710
770
570

610

PUWER

50kw.

50kw.

S50kw.

Fhw.

Dk,

Tk,

Ll
a‘kﬁ( .

o0k«
50kw.,
SUKw.
50kw.

1kw.

bkw.
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LUCATIUN

Fullerton, Cal.

Redondo Beach,
California.
Redondo Beeaci,
California.
San Bernardino,
California.
Mexicali, Bagja
California,
Yuma, Arizona.

Baltimore,
Maryland,

New York City.
New York City.
New York City.
New York City.
New York City.

Philadepphia,
Fennsylvania.

ARSAS wHEHE STUDlIED

San Jacinto Valiey,
Indio-Garnet area,
Imperial Valley.

San Jacinto Valley.

Indio-Garnet area,
Imperial Valiey.

San Bernaraino
area, lImperial
Valley.

Inperial Vailey.

Iuperial Vailey.

Baltimore area,

New Jersey area.
New Jersey arec.
New Jersey areca.
New Jersey arec.
New Jersey area.

New Jersey arez.

Radio stations whose broadcast signals

were used in tiils survey.
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for couparison. At regular intervals (different
intervalis being usea in different cases) cbservations
were made of tile horizontal angle position of the
loop anternae (referred to nortn megnetic line)

at which winimws signal was receiveu frow either

KFI or KNX, tie loops lying in a verticel plene.

The loops were then rotatea through 50° about

the verticel axis, claupea }n azimutn, anu rotated
about a horizontal axis until another minimum

vas found. Then withh tae loops at right angles to
this, ana in tie seme azimuticl setting, the field
strength was noted. Since the instrument had a
capacituence witn tne operator, it was found that

it was best for tanc operator to stand as far as
possible frow tie instrument while finding tne
minimum signal positions. 4 long lLandle was provided
with which to move the loops, and tne operator,

in so far as wag possible, stood in tie saume pesition
with respect to the instruuent esch tine he made

the aGjustments, in tels way mlndmizing tae elfect.

Type II1: Absolute Tilela strength weasurements.,
Traverses were arranged using the fielc
strength wmeter as in tue cése of the directionel
instrument. Stations were also located in tue
sume feshion. The meter stood directly on tae
ground, and was orientew roughly in a vertical

position. The observer sat or knelt before the



instrument, alweys in tune sane azimuthsl direction
from it. The weter reauings were noteu, field strength
being a function of the aeflecticn of tre ammeter

needle from tie position of no signai.

Type 1I1: Type used by Cloosl.

The field strength wmeter was carried in
the baggage shelf benind the seat of a convertible
coupe with tie top down. In some cases variations
in the audibie output were noted by listening with
the earphones; in otuier cases resdings wers taken
at intervals without reuwoving the instrument from

its pliace.

5. Kecording of cbservations:
Samples of data sheets are incluccu here

(tuble 2). The detae were plotted against horizoutel
distance on transparent gruph paper so tnat one
sheet coula be superimposeu on anotiner for purposes
of couparison. In a few cases date were also plotted
against time to see if certaln reguler verictions
were a haivmonic function of time ratier then dlstance;
and for tiet reason, and so that & divrnal varieation
correction coula be maae if necessary, times were
recordaed in every case, tnougn tney were never
used for the latter purpose. In tie case of soue

of tne fiela strength auata grauient curves were
piotted. It shoulu be notea tinat tone intensity

figures probably zre not points con & linesar scale,
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A. San Jacinto Valliey traverses:

Date: ©-i£8-40 Station: K¥I

Weather: CGlear~very slight haze.

Location: NW end of river flats on edge of cultivateca
land. N. side of telephon: line. T. runs
towardcs San Gorgonio.

Observer: Howell

T# 8% Time Aziwutn V. Angle Intens. Reuarks

J9 1 9:81 Noob:00°E  91:00 7.3 0 paces
2 40U  ©7:00 u4:0U 7.5 10 p.
3 0:48  T1:00 54 10U 6.2 20 p.

B. Indio-Garnet area traverses:

Date: 4-1-41 Observer: Howell
Traverse #T13F
Location: T=N13°E 100p. W T12F

Weather: Cloudy, threatening rain.
Time Dist Fld. Str. Remarks
5315 Op .788

S:10 20p CTUO

$:17  40p 800

C. Imperial Valley Survey:

Observer: Howell Traverse #I1
Location:; Redlands to kiorongo Valley. KFI fiela
strengti unless otuoerwise noted.
wWeather:; Clear, suuny. Date: 6-c-41
Station Time Dist Fld. Str. Remarks
1. 9:18 .0.7 .8/.<0 KiFI, KLTR?, LhHX
.85/.¢0 Vista Drive, redlands

2. 1.9 .84 KFl Hill facing west
.88 Kk Shadow?

Se .8 .Bo KFI Shzdow? Shailow valley.
.87 KBUM

Table <. Samples of duta sheets to show metiods
used to recora data.
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but on one of unueterminea shaype.

6. Some precsutions in uweking observatlions:

The effect of the capacity between tae
observer and the airecticnal instruuent has alreaaqy
been noted. Because of tiie smalliness of tne variations,
and the difficulty in pickirng the minimwn signal
accurately, at least three readings of each directicnal
position at eacii station were customarily take:x
with tihie airectional instruwent, and taese readings
averaged,

Care was taken in choosing tone locations
of the surveys to avoid in so far as possible
overhead wires, fences, pipelines, secondary fielcs
aue to wetallic substances of any sort, and shadowing
effects due to hiils, buildings, trees, bushes,
or cars. Directivnal effects are likely on sloping
ground, especially where the slope changes, strong
shadow zones coccur in narrow gudliies gna road cuts.
Observations were wmore aifficult to teks on windy
aays than on guiet days, because the wina biows
the antenna and causes fluctuations in cne meter
reealings.

Normelly, observatiéns were taken between
the hours of eignt and four, sun time, since near
sunrise and sunset atuwospheric conditions disturb

rauio reception most greatly.
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7. Location and geologic setting of tae surveys:
Preliminary tests were uwade witi tie
directional instrument on tue bugle Lock fault
in tine vicinaty of the FKagle Rhock between Pasadena
and the town of Bagle Rock (fig. 4, area #l).
The Bagie Rock Fault brings granite sgainst Tertlary
sediments at tie surface, a south facing scarp
and shear zone merking the trace of tne fault.
Traverses werce also run on tihe Haywonc
Fault between Pasadena and monrovia (fig. 4, area #2).
The Raymond Fault is marked by & low, gentle scarp
facing south, tune height varying frow clwost notuing
to about fifteen feet where studied. The bedrock
is not exyosed, a granite-Tertiary sediment contact
being buriec by alluvium at shailow depths as
inaicateuw by wells.
The main directional survey was concucted
on the San Jacinto Fault in the region northwest
of tue town of San Jacinto (fig. 4, arca #4). ihe
San Jacinto Fault is believed to follow tie San
Jacinto Valley. One brancn follows tine northcast
side of the valley. Another is tnought to lie
against the feet of kt. Russell and Mt. Fudolf to
the soutnwest (fig. 5). A third, widale branch
runs aown the center of the alluvium filled vailey,
being warkeu by a mouwnu, Casa Loma, about cnc
hunéred feet high. The surveys covered thie southwest

anG central of trese faults. 4 recent survey for
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tile Colorauo River Aqueduct has given accurate
information on the location of tiese feults &t a
nuwber of places (oral communication to tue author
by Dr. J. P. Buwalda, Division of Geological Sciences,
Caiifornia Institute of Technology.)

The main absolute field strength survey

1

(type I1) was conductea on t.ie San Andreas fault

(L

east of Palu Springs in thse region just soutieast

of Garnet anu nortuwest of tiie Indio Hills (fig. 4,

N

area #5). (This region is nenceforth called the
Indio-Garnet arca.) Two branches of tne Sai Andreas
Fault cross frow the San Bernsraino Mountaius
to ﬁne 1ncio Hilis in tails region. Thelr courses
are warked by gentle scarps anc hills in tne ailuvium,
anu at places by a clear "vegetation line". The
area 1is coumpletely buriea in ailuviuu from the
Little San Bernardince mountains,

A broader survey was run over the whole
of the Imperial Valley ana aujacent territory
(see fig. 4), which has a reputution of being
an arsa of weak reception. Tae stations on Tiids
survey were a mile or more apart. The Imperial
Valley is tuhe soutihiern part of the Saltou Basin,
a graben lying between the penimnsulsar ranges on the
soutiwest and theWSonoran Désert on tne nortneastg.
it isifiiléd“ﬂifh aliuvium from tile mountains on
eitner side, and by an ola fan of t.e Colorado
River, which in the Pleistocenc flowed froi. the

soutiwest into Lake Cahuila, the then much expandea
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Salton Sea. The basin lies in the soutiiern part of
the Pacific Depression. 1ts location appears to
be determined by tne San Andreas PFault system, and
it is a structural countiruetion of ti:e Gulfl of
Caiifornis.

Cluos-type surveys (type I1I1) were conducted
in tioe vicinity of San bernardino, California,
anda along tiie Pieamont Fault between the Triassic
and Pre-Cambrisn and raleozoic rocks 1in northwestern
New Jersey (ifig. 4, areas #5 and # ). The field
strength meter was also teken to saryland and
checkeu against Cloos's "type locelity" to be
sure thiet its response was couwparable to tinuet

of Cloos's instrument (fig. 4, area #7).

8. Thneory:

Since weak spots cdue to geolcgic iniiverces
are so poorly known, no compiete; acequate picture
of their cause can be given here. The incident

IOa, being

radio field is eliptically polarized
the sum of all the aiiferent field strengti: vectors
present: that is, it is tihe sum of tne primary
field, any secondary fields present, and any otier
fields reaching the point under consideration

by otiner tuoaan tihe airect path from tie sencing
statiocn. Fritsch has pointeu out tihie way radio
waves are reflectea and refructea at tane surfaces
between different rock boaiess. The problem 1is

simplified by the fact tihat when radio waves pass
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through tie ground, they are rapialy absorbed4’5’6’7,
so that the receiver is largely snielded from the
complex reflections and reifractiocns frow geologic
structures otaer toan tiose guite near the receliving
station. However, surface features such as wmountains
nay produce multiple inciaent ra«ys; ana gouge
zones in faults, offset rock formations, seqlumentary
or igneous contacts, or differences in watcr teble
elevation across a fault may also be expected to
have some effect of tihis sort. Secondary fields
msy come from & multitude of sources, boti geologic
and man-maae,

According to Heiland, weak spots probably
are aue to distortion of the equipotential lines »
near tihe contacts of good anu poor conductors(lo:p‘817).
Heiland does not discuss tne neture of this distortion.
Barrett states that the veriations cre an interflference
phenomenon whereby the fault structure results in

waves arriving by diiferent pathskb'p'5).

Barrett's
theory, when analysed, turns out to be a case of
incuced currents resulting in a seconcary field,
nct & case of true reflection anu refraction. Mingins,
studyi..g tine efiect of the ground on sky wave
reception, has also shouwn now trne alrecticn of

the field woula be affected by a conducting

pody (11:p.1435-42). This survey found Girectional
patterns of the sane sort poorly suggesteu over

the San Jacinto Fault. It is quite possible tnat
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fauit planes may nave higher conductivity thun
the surroundaing rocks because of tue presence

of certain minerals, or because they contain more
water than the adjacent rocks. When tils occurs,
a secondary field will be present. The secondary
field will oppose the primary field, causing a

ield intensity. it will also

28]

decrease in total
cause variations in the directicn of the resultant
field by adaition to the primery of an out of
phase secondary having a cirecticn verying with
position. This would explain why disturbed areas
occur in only a few places along feults. These
would be the only places which were wore mineralized
or contained larger amounts of water than tihe adjacent
rocks. Other parts of tire fault would be little
more conductive than tue adgacent rocik, and woula
not deform the electromagnetic fieid apprecisbly.

Roth types of phenouena, interference by
reflected and refracted rays, anca secondary Ifielas,
are probably involved; and only furthner study

will show the relative importence of each.

9. Results of the surveys:

The Eagle Fock ana Haywmond Fault investigations
were inconciusive. This was due largely to iocal
conditions of a non-geologic nature. The Bagle
Roek Fau.t where stuuied is in very rugged topograpiy;

and the Raymond Fault lies in a largely buiit-up



area having houses, accompanying telephone and
electric wires, anu similar disturbances.
The San Jacinto Vallg traverses were
alicost free of such disturbences. Thelir most marked
cheracteristic is a periouic veriation in the airection

£ the field. Tais is most strongly snpown 1n tie

e

aziwutih curves, the vertical angle variations belng
smaller anG somewhat less regular, tinough these
curves vary fairly synchnronously with tine azimuth
curves (fig. 6 and fig. 7). The wave lengthn o
this variation depends on tie direction of the
traverse, being smaliest on traverses wcross tae
fault. This effect was observed both in the near
vicinity of the feault, and at considerable distances
from it, and consequently is believed not to be due
to the influence of the fault. The pattern suggests
standing waves, perhaps due to reflection from the
northeast side of the San Jacinto valley. However,
the wove length of this veriation was uot always
greater than one half that of tihe electrousgnetic
fiela being received (see table 5), so tuis explaunation
is not satisfactory. The autoor hopes to ke
furt.er experiments on this phenowenon in tae
future.

A second type of variation is shown &t
80 paces on curve J9 (fig. 7), and can be faintly
m.de out on curves J10, J6, and J7 (figs. 6 and 7).

Curves J4 and J5 (fig. o) probably show the saie
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Approxiwate Average Number
Trensmitter Traverse direction separation of waxima
being used. # of traverse of maxiua. Showll.
KNX Ji N34°FE 160 meters 4
KNX Je N34°E 170 meters 3
KNX J4 S520W 210 weters 2
KNX J5 85201 195 meters 2
KNX Jo 852w 185 meters 2
KNX J7 $52% 15 meters 2
KNX Je N38%W 480 meters 2
KFI Jo N50°F 160 weters 2
KFI J10 NS0 E 175 meters 2
KFI Jll NOO™E 175 meters 2
KIiX J14 N50JF 165 meters 12
KNX Jlb SH3TE 280 ueters 1
KX Ji6 NB0OOE 175 ueters 3

Table 3. Freyuencies of variation of the horizonatl
angle of the fields in the San Jacinto
Valley.

tning alilso, taough less clearly. Tnis variation

occurs at points where the fault is expected to

occur from geologic evidence. Curve J1 (fig. 7)

shows like variations at <70 paces where nc fault

1s Known or expected to occur; ana a similar phenomenon

occurs at 180 paces on curve J8 (fig. 6). Otner

less clear cases can be found. For tials reason,

and because tine anomalies in each cose depenu on

but one point, their significance shoulda not be

overestiumated., The resuits are suggestive but not

conclusive evidence of a genetic cornection between

faults of this type cnd veristions in tiie radio

field. A similar variation occurs in the verticel

angle curves J4, J5, J6, anu J7. In curve Jl4 a

similar anomaly occurs at 580 paces, but at 670 paces,
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where the fault is believed to occur, no anoiily
is observed. Two strands of electric wire on goles
cross tne traverse at 568 paces, and tiie anocmsly

at o6U puces, mey be genetically counected with

One difficudity in interpreting these
curves arises from the uncertainty of the location
of the San Jacinto fault. Since there is no surface
trace where the survey was made, its location
was estimateu by projection of its strike frowm
acjoining areas, the resulting incccuracy in location
being uncvoiauble.

In the remadning surveys fiela intensity,
not direction, was studied. In the case of the
Ingio-Garnet traverses, three groups of traverses
were run, two groups on the norti braneh of tne fault,
anc one on tue south branch. The first two groups
proved notning. In the third @ slight drift of
all of the readings snhowing decreasing field strengtn
from northeast to sowthwest may be discovered,

in wost cases, by careful investigation of the

=4

curves (fig. &: TLlsF, T1l4F, T18F, TLLF). Plotting
the curves in tle form oif gracicnts die not ciarify
tine situation, only showing thnat tae variction

is irregularly distributed, and less th=n toe point
to point veriastion withiin tie curves. Guirve TLOF
(fig. 8) shows that there is no drift of the readings
in tihe perpenuicular direction. The parallel lines

were run alternetely nortuaeast-southwest anc southwest-
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nort:.east, on diff'erent duys, and at di.erent tiues
of Gay in order to elinminate awy possibility of
superimposing a regular vaeristion of tne fielu
strength from ons of taese causes on ali of tae
curves in tuoe same manner. No distinet break marks
the fauit, the gradient cbserveu is wors gentle
tunen sudden. It as counecludea thnet tals faint irregularity
of tne field is auc to snieluing by the mountains,
probebly of tue San Jacainto Range. Th2 shielding
effect of thc grounc in even a small guily is
shown by curves T13F, T14F, and T18F (fig. 8).
The erfect of an overhead wire, in tais case the
trans—-continental telephonz, is well shown by curve
T<2F, and appears in T13F, Tl4F, ana T18F.

Anoumialies of the typ: observed by lir.
Barrett may be present, but if so they are of
such small awplitude thet tiley are not waistinguishable
frow the otiner irregularities in tae curvesa.

The Iuperial Valley survey snows that
while reception of most statiowus was poor by da ,
it was excellent at nignt, KRLD, Dailas, anu KOA,
Denver, being strong on soms occasions, and KSL,
Selt Lake City, being strongly received salways.
buring tae day as well as at nigut X3ICL, liexicali,
was recelved strongly il over tae soutiern part
of the valley., This rsception is sno.n by curve
I10 (fig. 9), which is a normal curve of field

strength decrease with distance (coupure rzference
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12). KYUl, Yuma, could also be heard ncar Yuuma.

The conclusiown to be drawn from this is that

while tihere is cousilderable shielding of the valley
fiom the ground waves of stations beyond the enclosing
wowiitains, none of tnis eflfect 1s due to subsurface
geology. It should be noted in tiis respect that
none of tne Los Angeles stations are raceived
strongly by day anywhere outsiue of tiae mountain
enclosed Los Aungeles basin systewm. Curve 11 (fig. 9)
shiows how the field intensity drops off os one goes
out of the basin thru San Gorgonlc Pass. The eifect
~of altitude is also illustrated by curve I2 (fig. ©),
where reception is seen to imyrove with higher
altitude.

Fig 10 is a map of tiie San DBernardino arca
shoxing the weak spots cbservea which could not be
exylained by overliead wires or souwe other non-geologic
cause. The brown lines represent wost of tne roads
surveyed, but many of the roads coverea only on tae
recheck surveys have been omitted. The fauits are
drawn in frow fiela obscrveation, supplemgnted
by advice frow Dr. J. P. Buwaida of tie Division
of Geological Scisnces of the California Institute
of Technoliogy, whose fuwdliarity with the geology
of tne region exceeds that of the suthor. Two symbels
are usea to show tne locatlion of the weasl spots,
as indicated in tiie lege:rd. On< stands for weak spots

observed consistentiy on eli thnree viszits to tie
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area; tie ot.er for weak spots exauwined on dne or
two of tne surveys only, anua not checked. Many
otner wesk spots, not aparently wue to wires,
whichi were not heard on reexamination have been
omltted.

The location of tiae central of tie five

faults is pur=ly speculative; its very existance

@

is unproven, tnough it is known to enter the area
from tne northwest, ana a fault leaving tThe area
on tine southeast where shown 1s suggestew. It is
probeble tiat tnere are many wore fzulls 1n the
area than tuose shown on tire map. O thnose shown
the wost im ortant are the nortueastern, which is
the wein branci of the San Anareas, ana tne two
soutiwestern, which are tne twoc wain branches of
the van Jacintc Fault. These faults arc probeb.y
not as straight as suown, and probably &ars zones
ratner than iines.

Unfortunately, since the region is buried
by aliuvium, correlation between the weak spots
anc the faults 1s not possible, thaough eigit out
of fourteen of the checked weak spots are nser
the shown faults. Hence the aistribution can not
be said to disprove a relation between feults and
the weak areas.

1t was in this area tihat the eflect
of overhead wires on tne radio-freguency [i=lo

was best observed. Innuwserable weak spots were



noted associated wita these wires. The exact relationship
was not determined, as not gli wires appear to have
an sifect; but 1t is possivle that the effect is
partiy & functiron of tne direction of tie wire
with respect to tone direction to tne rauic station.
It is also possible thet the lengths of tas wires
batween turns have some comnmection with tnis phenomenon,
since tite wires might act as parasitic antennae
on which certain frequencies are wore easily absorbed
tnan others.

Station Kf{i in San Bernardino (show
on tre mwap) was used exclusively in tuls survaey.

A test of the fieid strength umeter was
made at Cloos's "type locality" mortih of Baltimorel.
This was a Ciocs-type survey. aAluwost all of Clous's
"deaa'" spots were visited, anu Wity one or two
exceptions were observed with the fieia strength
meter used in tiie surveys aescribea here. However,
in wost cases the spots were found not to be "deaal,
but oniy "weak'"; anc in & nu.ber of cases the autnoy
feelé that otiicr fectors than geology way be responsible
for tihe varigtions in the fiela strengta. This leaas
to tae suggestion tnat all of the "aead" spots
cbserved uey in reality be only "weak"kspots, e
the reason tiat they appear deau 18, as Cloos
suggested, only because of the lack of aupiilficction
poussessed by the instr.uuents used. In tnis cornmection,
1

the observaticu made by Cloos™ anu confirmed in
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the New Jersey surveys descrived below tiat tine
"dead" spots were dead only Ior weak stetions

and not for strong stations is of importance,

as it may explain why "dead!" spots are so raraly
found, since relative cucrease of sound is haraer
to notice taen a complete cessation.

Tne New Jersey survey covereu a streten
of tne Piedwont fault between Pottersville ina
Lebanon, Hunterdon County, ana thence westwara
across the folaea and faulted secticn to West
Portal on Musconetcong mountain. The western part
of thnils area was visitea only once, ana no weak
areas wers round. 1t was necessary to use WdZ and

WOR, New Yurk's two strongest stations, in craer

jol

to near the signals at all; and it awy be as suggeste
by Cloous that stroug rudio-freguency iields are

but little aifected by geoiogic structuresl. Figure
11 shows ten well-marksa weak eareas consistently
noted in tie arsa. Cther weak areas, not showi,
were noted on but one or twe ol the three surveys,
but were aefinitely not observew on tie otasrs,

or were abttributaeble to other then geologic causes.
The grouping of the weak arcas along tue fault 1s
at once apparent. The weak spot at Pottersville

is complicatew by telephone ana eloctric wires,

but t.u> weakness is probebly aue in pert to tne
presence of tune fuult, as it is wiaer tnan tuoe

usual weuk arew beoneat:. an overhead wire. The
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first weak area west of Pottersville is not on

the feult, but "is on.the contact of the Lossee
gneiss and the Franklin limestone. The first weak
area nortneast of Bissell is just off the Byram
gneiss-Triassics fault contact as shown on the
geologic map.of the arealz, but as outerops are

rare here, thg location of the fault on the geologie
map can be considered only an approximation, snd

it is as likesly under the weak area as where it

is shownj; or the weak area may be on a branch of

the fault shown. West of Bissell are three weak




areas spreaa across the fault. The Pieumont Fault
wnere it outcrops at tne surlface in a guarry nears
Bernarasviliie, Somerset County, hew Jersey, has
several paraliel brancnes spaced a few hundred
feet apart (oral cowsunicatiocn: Dr. B. F. Howell,
Princetoi. university). In tue ares studied tihe
faulf is nowhere clearly exposeu, anu the saue
situation méy occur here as at Bernarasviiie,
especielly in view of thne cerlection of the fault
at Lebanon, near which tiie changing stress pattern
wight be expected to cause a more comgplicated
fault pattern than clsewherce. The three weaw sreas
may thus be over taree branches of tne fault,

Pour absolute field strength traverses
were run in tnis ares as shosn by figure l<. The
curves are s¢ irregular that the results must
be considereu- indefinite. The northzasternmost
of the thrse areas corresponas to sbout o0 peces
on curve THN. Distinct winiwuwes are snown by TON
anc TN at 60 ana 70 paces respectively, anda TON
may heve & wouilfied weaikneszs at 70 paces. The pattern
along the central wesk crea is not as ciear as
along tne northern branch, but weaknesses are
shown on T6N and T7N near wherz the fault is shown
on the map. The associatea hign on T7N is not
explained, nor is it -clear why TON 1is generalily
low. The general upward trend of curv:s ToN and

T7N frowm soutih to nortn wey be due to the increase
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in elevation in tnat directicn, resuiting in better
reception, though no such increase is exhibited
by TBN. Curve T8N is rougnly an extension of T7N,
and is tne only truverse which crosses thie line
of the soutnern weak zrsa, toae position of which

is not apparent from tue curve,., Scattered trees
tnroughout this wihncle area mey be the cause of some
of tine coumplications, taougn they were avoided
where possible.

| It is interesting to note, tfuarst: tnat
the weak areas notea when driving cceross the fault
in tiie car are not as clearly seen in & series

O

of plotted orservations; and second: that they
are sometimes accowpunied by maximz not noted

in ariving past, tne pettern as a wnole being

much wore irregular than awight be expected. A
stronger station (WOR) was used in the absclute
field strengtn readings tnan was listened to in

the car, and this mey have some effect on tae
difference between tihe ease of cbservation in

the car and in tne walking traverses. A weaker
station could not be used as tie rield strength
weter was nct delicate enough to show the veriations

of a weaker field adeqguately; thut is, the millisitueter

was less sensitive to tine field strength variations

n

than the obscrvert!s ear. This pattern suggests

i

that field strengtn wa.dime assoclateu witn ot:er

weak areas may easily have been overlookzd. A



similar pattern was suggested at a place about
1y miles soutihh of Lebanon where the raaio fiela
over tiae fault was exaswined; but telephone ana
electric wires and topogrupiy made the picture
nere uncertecin. A4 suggestion of & mexiluuls Was also
noted in counection witih tiae third wewk aresa noritneast
of bissell.

Tie weuk area nortieast of Lebancn 1s
warkea witii & Juestion wark vecause the change
in field strength was oniy berely perceptible, an
it ig not certain that it is exactly over the
fault, whose locution hefe is only rougnly kncwn.

It is dinteresting to note thnat the weak
areas all occur on the wore east-westerly parts
of tie fault, anu not on tie norta-soutiterly szctiocns.
This muy wean thaet the angle petween tne fault
anda tioe cirection to thwe sending stetion is involved.
Since the weak areas were exawmined using stations-
roug.uily straight east (Wew York), anc roughly
soutn (WIP, Philadelphia), that is at rigut angles,

directionair sensitivity of tuls sort appears acubtfud.

1¢. Concliusions:

Firstly, tne aifficu.ty in eapplying tois
metiocu in rugged or aensely inhabitew areas nas
been brought out. Furtner stuay wmay simplify the
problem here, but at tihe present stage of understanding,

interference from such sources is & limiting factor.



Seconaiy, & small variation in tie direction-
~of the radio-freyuency riela over fauits such as
the San Jacinto Fault is suggesteu, but not vroven.

However, the Iundio-Garnet traverses show that

ield strength variations under suchi circumstances

y

]

re small, perhops inapprecieble. It is possible

jo¥

that tie direction of tuae field varies over other
types of faoults; it is certain that the intensity
may .

Faults anu contacts cowming to, or nearly
to, the surfece sowetimes have areas of noticeably
wesk reception over their surface traces. weak
fields see tu be more afiectea than strong ones.
How deeply suen & fault trace can be burica and
stilli be detectable has not Luoen dewonstrated;
nor hes winy taese encmelies occur at sowme places
and not at others been shown, taougn theory suggests
that a secondary field due to conducting uwaterieal
in the fault plane is a factor. Faults batween

rocks of different compo.izion like the Piedmont

b

1 associatea

l-#

ault in New Jersey appear to be more ofte
with such phenowena then do feulits whose surface
trace is in thick alluvium.

In making an intensity survey it is
probably wisest to have tine receiver on scue sort
of tripod to escape tie effects of minor ground
irregularities and vegetation on tie rauio field.

This is indicated by the irregularity ol utne Inuio-
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Garnet curves, wiere the receiver was set cirectiy
on the ground. Since absorption of the waves is
relatively siow in aiwr, the rield &t a few leet
above tue surface of the grouna probuably will

show «iiy large irregularity which exists &t tie

L]

ground surface itself. The size of the anocmalies
obtuinad suggests that twenty feest is a good interval
between statiows for a survey where absolute readings
are taken, slthougn a larger interval was most coumonly
usec in tiis survey (60 fect).

It shoula boe reweibered that these counclusions

depend on tie liwitstions of tiie &pparstus used.

11. Future work:

The greatest need today is for the accumulation
of more date on weak spots apparently counected
witih geologie structure. When such places cre fcuna,
they shouldu be studied with respect to wiet frequenciles

~

re aff

M

ected, whetner thie angle between the fault

or contact trace anc the cirection to tue transwitter
in involvea, what range of rieiu intensitics are
aifected, ana what variations tuere wre in the
direction of tae fiela near tie wear arsa. Also,
whenever a goou, clear-cut weak area is founu,

it should be carefully umappea to deteruine 1ts

size; and quantative figures of tne fielu strength -
should be recorded ii possible. It is especially
important to deterwine what cheracteristics of

tne fault are usually present when weak spots occux.



Furcher work of tiic type aescribec here using

wdore sensitive apparatus and a closer spacing

of stations would be very worti while.
The study of directional efrects is

at ilcast as proumising as that of intensity variations.
More detailea work is nceded on tiwe theory

of the reflection and refraction of rauio waves

at surfaces in and on tns grouna, incliuding the

calculation of expectable ancumalies.

In closing 1 wish to toank taz wany persons

who have aidec me in thais investigation. There

o

is not space nere to meke inailvidual acknowledgeuent

®

of &ll the aavice and assistence I have received.

I especlially want to tuunk tue Davision of Geologica
Sciences of tue Californis Institute of Tecnnclogy
for proviaing tae eguipment used in tuas survey.
Wspecial appreciaticn is alsc due to Prof. G. V.
Potepenko, Lr. Charles liiller, and Lr. Willisuw
iornbostle for thcir generous advice anc assistance

i all vheses of tusz work.
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