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The variocus itypes of instroments for grovity measurements
are brisfly discussed. The theory of an inverted pendulum of the
fgolweck~Iejay® type with an elastic mounting at its bose iz given,
snd an instrument of this dessign, ninety times as sensitive fo dif-
ferencec in gravity as an ordinary pendulum, is described. The
theory of the interpretation of gravity dats is discussed., The re-
sults of gravity observetions along & profile scross the Los Angeles
Baein and San Gebriel Hountains sre given., From this datz together
with geologic data snd that obtalned from e reflection seismograph
survey, & hypothetical strueturs section along the profile is con~-
structed.

The outstanding fsaturses of this section are the pressace
of a8 bzsin of Tertiery sediments sbout $hiriy thousand feet deep, and
the incre-sing predomingnee of relatively lighter rocks under the San
Gabriel Yountains srd ¥ojave Desert. This last feature is inm accord

#ith the concept of “rsgionszl isostatic compenshtion”.



INTRODUCTION

The geologist in his study of the deformation of the earthts
erust is often handicapped by 2 lack of informetion concerning the
structurs ond distribution of rocks at depth. The development of
0il well drilling and the application of modern geophysicel methods
promises to meke such data more eésily available. In Southern (zlf-
fornis, =& nusber of eircumstences make the reglon an interesting one
for the use of geophysical methods, The surface geology and geologic
history are reasonably well known., The sccurrence of oil in the
Los Angeles Basin has led to extensive drilling snd detailed infor-
mation concerning the upper few thousand feet of sediments,

However, the eveais of %¥ertiary geoclogie history have ce~
surred on a scale that places much interesting information beyond the
reach of drilling., During Tertiary time the arsa of the los Angeles
Basin has besn depressed several miles with & correspondingly large
accumulation of sediments. To the north the San Gsbriel Mouatains
have been considerably uplifted, resuliing in sn isposing mass of
crystalline rocks facing out cn this deep basin of sediments, The

o

recency snd magnitude of the deformation make the region one of
speeial interest for a study of the deformation of the earth's cfust.
To determine the structure of the basin and the thickness
of sediments accumulated. Drs. J. P. Buwalda and B. Gutenberg have
recently completed a reflection seismograph profile across the los

Angeles Basin. It has been the purpose of the following research to

supnlement these results, if possible, by a series of gravity measure—
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ments slong the same profile and an extension of the profile across
the 8an Gebriel Yountains., From this data sn altewpt has been made
to gecure some information eonserning the densities of the rocks at
depth, and accordingly a clua‘as to the nature ¢f the rocks and the

degree of gpproach to isostatic eguilibriuve in this region.



PART I.

INSTRUMENTS FOR MEASURING GRAVITY

There are thres

essentially different alter- i
native metheds fer the ; E%%
measurement of the intensit ‘ o

& #d ‘ LY [ 7—:2”1/% Lk img
of gravity. The first of |
these makes use of the defi- | "
nition of force in Wewton's mﬂm
law of motion that the rate ‘ /ﬁﬁg T2/

of changze of momwenium pro=

duced in a body is propor—
tional to the foree acting Figure 1 (2) (b} (e} {(4)
on it. ¥he sscond method
consists of comparing the force of gravity with some other force such
as the elastic force of & spring. the pressure of a gas, or an elsctro~
gtatic or electromsguetic force. The third vossibility consists of‘
s cowbination of these two methods. The three msthods sre illustrated
dizgrammatically in figurs 1,

The first of these is the eclassical one, and lis the basis

for the use of the comron pendulum in determining grevity. Although

fule

the pendulum is probably the most relisbls of all the {ypes of in-
struments for precise gravity messurements, the rvelativaly long time
reguired for observablons makes its use laborious and syxpensive.

Since the veried is iluversely proportional to the sguare root of the

value of gravity, (figure 1 a}, it must be measured to zn accuracy df
oaue Parf i Two miflfisn i ovder To defermine i with am accovacy of
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one part in & million, which is the asccouracy commonly desired.
Previously tals meant that the pendulum must be allowed to swing
for & mumber of nours. Iven with wedern precise methods of Ltiming
by using radic time signsle from a base station, at least an hour
is necessary for & single measurcment.

The present interest in nsing gravity data for locating and
outlinwlarger seale geologic structures has created a demand for
more rvenid wethods of messurewent, £z a result a number éf instro-
ments of the type showa diagrammstically in figure 1 (b} have been
constructed, with varying degress of success. In this type of in-
strument use is made of the fact that wmall chanzes in g produce
gorresponding changes in the length of the spring. The chiefl ex-
perimental difificulties are encountered in comstructing & sstisfactory
and sufficiently vrecise neans for measuring the extrmely smeill
changes in the length of the spring; in avoiding the effects of
zround vibration, since the iastrument acts as 2 seismometer; and in
carefully thermoststing the instrument to aveid effeects of chenges
in temperature.

&

Ln instrument of the type shown in figure 1 {¢) consisting

“~

of 2 column of wmercury survorted by ges pressure has beéen constructed
and cperated with sowme success. Here the chief difficulty is first
in determining the height of the columa of wersury with sufficient
precision, and second in elaborately thermostating and compensating
the instrument against thé effects of changes in temperature, since

it is essentially & very sensitive gas thermometer.

(7]
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S0 far as is known, no instrument depending on the com~
parison of gravity with electrostatic or slectromagnetic forces has
besn saccessiully constructed.

An instrument of the thizd type combianing the first itwo
methods has beeon devieed oy two French scientisl, MM, ¥, Holweck and
P. lejay. Yhis instrament, illustrated in"figgre i {&} consints of
an invertad ;enduium swinging on a spring suspension at its base,

Az will be shown later, the period of eseiilation is inversely pro-
portional to the sguare root éf the ¢ifference between a constant
o depending on the physical properties of the pendulum, and g

By constructing she pendulum so that the difference between Co and
£ is sufliciently small, the chengs ia period can be mede as sensi-
tive as desirsd to changes in g, Hence the time required for an ob-
servation can be gresatly reduced from that reguirsd for ths ordiiasry
tyoe cf pendelum., A pendulum of the Holweck-Iejay type requiring
one minute for an ab&arQQticﬁ has been construcied by the auvthor,
and in the following pages, the theory of the apsaratus is discussed

in detail,
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IHEQRY OF THE HOINECR-LEJAY PENDULUN

Derivation of the equstion of motion

lets

{x,y) be the coordinates

O

of the central lines of the
spring; {xlay Y of the upper
end of the ‘“Tiags and (% _,¥y }
of the center of mass of ghe
penduium, |

T, 5, E. ve unit vectors in
the X,¥.%4, directions. -»
& be the inclination of the ‘
pendulum from the wvertical,
reckoned positive when X, ig ?//
positive {the pendulum helng
supposed to swing in the XY H

X,.%)
xy)

f be é tenee from {(x, .y}
1'% ]
to {x ' ¥, }

plane}.
@

m be the mass of the pen~
dulum and I the moment of inertis

ghout sn axis through the center
of nmass paraliel $o Z.

2 be the thickness of the
soring (assumed to be rectangular Figuve 2
in eross section), h the width,
¢ the length,

E be Young's modulus for the spring materisl,

Z
Ee ' h
12

it

B

sgen,

’ 7
w = o/E8 . [lZmgdd
/B J Ee3n

the flezursl rigidity, and




&

R be a vector from the center of mass to fhe point A at the
center of auny cross section P§ of the spring, g a vector from the
center of mass to the center of sn element of ares

ds = h de,
and T a veetor from A to the ceater of 4s.

=
z:
2y

dg = BF h de the stress acting on the arez ds.

Then the total forge exerted on the pendulum across ssction

Rt e.l
F o= 5 h de

0

PQ will be

The moment of forces acting scross this section sbout

point & will be
Rt e e
Moo= ™S h de
'S,

The total moment of forces scting ou the peandulum {stresses
on Pq and gravity on the mass of the pendulum) about the center of

mass will be {the moment of the attzaction of gravity besing zero
about the center of mass},

- 3._.,» i i -
L = gx3'h-de .

o
a - ‘9‘ -
=] E+PFhds
G
= Rx¥ + ¥

Since the acceleration of the center of mass is egual to

the total force acting on the mass,



F-md = mbT ]
or since 90 may be neglected as compared with g
F o= ud,T +mgd

If the spring is thin as compared with its length we may
use the "Bernoulli~Fulerizn® theorem concerning the flexure of beams,

nawely

§=B

.%ba%‘itnting; these values in the expression for T and

noting that

wi
i

{2 ~ %)T + {y ~ Yold
we gew

: 2
; 4 . o X
L = mglzx - xp} —~ mitoly ~ y41 + .Bg-*g

Since L is also egual to the rats of change of angular
momantug about the center of mass; we have

B2
y d
- 18 = mglz - xp) - my(y - ¥g) * B&;ﬁ'

2 i
or %% = ¥4+ ly - nax

’ MLy = 8 - i S AN
whers |- ’

B

Py

Lo
i
B ulp
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Integrating this eguation and introducing the boundary

conditions that x and §§~vanish with y, we get the eguation for the

flexure of the spring

{1 ~ cos ny)¥ +,g§¥ - gin ny)U

= n3
dx _ fsin ay)¥ . (1 - cos ny)U
dy a e

Placing y eguzal to ¢ and writing v for nc,

{1 ~ cos n)¥e® + {u ~ sin qlﬂca
o 0’

fwites i U
- {sin uj¥e +{1 aa§ u)ﬁce
w ue

Replacing ¥, U, and n by their respective valuss and noting
that for émall motions, X, = X + f9 approximately, we have two
linear second order differentizl eguations in Xy and 6. These eguations
can be solved giving sxpressions for x, and & zs functions of time
and depending upon initisl conditions. In general, it.a§§aars that
the pendulum may execubts a rather complicated typs of motion, J. Eaagl
has iavestigated the eoffect of inivial conditione and found in order
that »z snd & vary synchronsusly with simple harmonic motion, the
venauEnm masth be sbtarted from rest by a herxzanawi inpul nolied
g% the ceater of wass. %@ shall assume here thait the vendolum has

been sharted under these conditions, znd derive azn expresceion for

the wneriod of the mobtion.

1. 8ee bibliography at the end of the thesis.
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For smsll motions, the distance from A1 to H, the inter-
cept of the extended axis of the pendulum with the Y axis, is
a = jg’-- epproximately

{u - sin u)czti

{1 = cos ujue + §

g o
(sin wyo? + {1=cos wucl

A comparison of the order of magnitudes of the varisue terms for
the ¢ases in which we are interested shows that the second terms
in both the numerstor and denominator may be neglected without intro-

ducing any apprsciable error. 'Then

a = G e

where - (1 - COR T
. G = j......,._,.,._._}.

{(u sin w)

fSince G is independent of 8, it is eppasrent that the pen-—
dulum swings essentially &s though pivoted at point H, the spring
bending in such s manper that the extended axis of the pendulum mass

passes very nearly through H at sall times. Then fer small motions

r = {f +3a)®

§ = (f+ab

Substitubting these fterms in the expressions for &, W, and U

and covbining and rearrvanging terms, we get

82 - 26 - 0.5)3 + Gg;c{s%-'?- - %} =0



vhere ' m’a‘éz = I 4+ mif + g—)a,

the moment of inertis . of the pendulum sbout the midpoint of the
spring.

Hence the period of éscillatian for small amplitudes is

7.

(2 2 e B

T o= 2 /& *sif}j—*{}.ﬂ
(cot u £y
J 8T e}

&s will be shown later, if the length of the spring is
short compared with the length of the pendulum, v is considersbly
less than one and {cot u}/ﬁ nay be replaced by the first two terms

®
/

of its rapidly converging ssries sypansion

cotn .1 _1_ @ 23
B W T3 T h 9T

"j ”
Alsoc in this case ¢ (G - {}.‘5}2 ie negligible compared with k:g,

end the expression for the pericd assumes the more simple form

// i
T = &1/ :
VEEE " +D

Applicstion of theory to the design of the instrument

From elther of the two forsulae for the veried of motion,

it is apoarent thsal {o make the pericd very sensitive to small changes

f3

: . B P - " . cobtu
in gravity. -c: mist be made fto aporoack mglf + T/ in value, or ==
s
f . : e . S :
to approach = in value., This may be accomplished elther by increasing
£ P ,

the mass and length of the vendulum, or by decressing the spring
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stiffness until the desired sensitivity is obtained. The latter
alternative mzy be asccomplished either by lengthening the spring,

or by decrsasing the thickness, or both. The following considerations
show that the most desirable procedure is to make the spring short

and thin rather than long and thick, The theory of stabiliiy of
beams predicts that the spring will buckle unjer the weight of the
pendulum mess if v becomes equal toj%, and that the smslier u is, the

less will be the tendency to buekle. Therefore 4t is obviously

tu

desirable te keep v &8 swall as possible, or socordingly as

large as possible. UYhis teans that %-saauki be as large as possible,
or thet the length of the spring should be small compared with the
length of the nendulum.

Theoretically it would be possible to attain any desirved
sensitivity by vproperly adjusting the dimensions of the instrument.

However, with increasing sensitivity difficuliies are encounitered

due to the sitect of grovnd vivrations znd exbrsms sensitivity to slight

[

$£ilting of the instrument support. Alsc the pericd becomes increasingly
long end diffienlt to measurs accurately, the moiion damps down
repidly, sznd the pendulun mey acquire s tendency to Ffall over agsinst

its stops



PLATE I.

Bolweck-Iejay penduluwy; one snd one half times actnal sige
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PART I11I.

A pendulum of the Holweck-
le jay type constructed by the abthor et T '
is shown in plate I and the relevant | % Invar

dimensions in figure 3. As finally

Hi

adjusted, it has a period of sbout

Eli
four seconds and a sensitivity to e

— 2 15—
|

changes in gravity about ninety ey V-
times as great as that of the or-

dinary pendulum.

Lt
Construction of the pendulum
The most eritical part of
Pigure 3

the pendulum is the spring. In the
first models constructed, the spring consisted of a flat strip of
metal clamped between tightly fitting jaws at its upper and lower
ends. This arrangewent proved unsatisfactory. The damping of the
motion Qas excessive, reducing the amplitude to half value 1# about
twenty seconds. Fhe pendulum was also erraztic in behaviour, failing
to return to the rest position, and showing large and irregular
changes in periocd. The trouble was apparently due to a slight slip~
ping of the spring between its supperts.

In order to overcome this difficulty, the spring and its
supports were machined ocut of a single piece of metal. Considerable

mechanical precision was necessary to produde an element accurately
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symmetrical and almost paper thin in its center po;;tion. The success—
ful construction of the spring was due to the skill and patience of
Mr. G. W. Sherburne and mechanics of the Astrophysics machine shop.
The period and sensitivity of the pendulum were adjusted
by means of 2 metal bob threaded into the upver spring support, and

secured by a lock nut.

ggferials used in the construction of the pendulum

To reduce the effects of femperature changes the spring
was constructed of the Fe-Ni-Or alloy "elinvar“l possessing a rel-
gtively small thermo-elastic coefficient, and the bob of the Fe~Ni
alloy i‘imra:e"z‘ which has an almost negligible thermal~expansion
coefficient. The thermoelastic coefficient of the elinvar wss not
as small &s might be desired, the period of the instrument chsnging
by about minus eighty two parts in a hundred thousand per degree
centigrade at 15° €. This change is equivalent to that produced
by 2 change of -18.6 miliigals in g (1 milligal = .001 emfsecap
hereafter written mgal). Assuming that this change in period is
mainly due to increase in spring stiffness, it is eguivalent to a
change in spring stiffness of minus nineteen parts in a miliion
per degree centigrade. The negative sign of the thermal-coefficient

is rather unusual, sinpe it is opposite to that for most metals.

1. Obtained from the R. Y. Ferner Oo., Room 930 Investment
Building, Washington, D. C.
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Heat treastwent of the sprins

%hen the pendulum was first assembled, i%s damping was
vndssirably high. and the period sheée& & progrsseive decresse with
time. In grder to decrsase the damping znd stsbilize the elastie
nroperties of the spring. the penduiws was subjecled to & seriss of
hzat tresatmenss cansisting of keeping the spring in sn elsetric oven
o about 180 €. for a week or more. After a series of five treat—
ments, the behaviour of the sgring wus nobiceably improved. Yhe
motion in air was damped to half awplitude in ninety seconds as com-
nared with forty ssconds before, and tﬁﬂ period of the instrument
assumsd a more nsarly constant valus, Considersble eare bad to be
taken not io strainkf the spring beyond 1ts elastic limit after o
heet tresstment, since in this case the spring resumed its previous
behavicur,

Apparently the undesirable properties of the spring were
due to microscopic cleawsikes or Tractures devsloped during the

release of
machining and working of the metal. Subsequently residusl stresses
probably occurred iz the metal, with the processes belng sccelerated

and carried to completion st 159“ S,

YMounting of the pendulum

The instrument iz shown partly sesembled in plsts i,
The lowmer end Gf.thﬁ pendulum spring is secured in a2 stesl bloek
ghich in turn is fastensd to a stesl base plate, provided with
level vials, leveling scrsws, ete. ln order to further rasduce the
dsmping, the pendulux is enclosed in a gmsll glass bell jar {not

ghown in the chotograph) which is evscuated to a pressure of about



PLATE II.

Instrument with cover and microscope removed.
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1 7 wmx. of Hg., ¥or preossures grozier than sbout Iﬁ-3 mn. of Hg
the damping is practically independent of pressure,with reduction
to helf amslitade ia ainsdy ssesnds. For pressures lower thun this
the dzmping drovs off ravidly to reduetion to balf smplitude in about
¢ns bundred anﬁ ferty seconds. This dampisg is partly dus to inierasl
ﬁi39£§aﬁiaﬁ Qf gnargy in the spring and partiy fo energy being iwoarted
to motion of the grousd snd supports of the instrawent.

Tha mpechanism for clamping the pendulwe in 182 svacuabed

chamber during transportation is adjusted externally through 2 vaouam

tiﬁﬁt'*ﬁjiphen“ bellow.

Giustreent of lsvel wiais

The period of the vendulum is a meximom whexn 1t is in an
spprozimately verticsli position. The offects on ths period of slight
inclinetions from the vertiesl ars then z miniwmem, This optimum
position was found by systemaitically messuring the pericd for various
postitione of the base plaie, =nd noling when it bad iis waxizum velue.
The levei bubbles were then sporoximsiely centered for this position,
sad the scale readings noted. The leveling in the plane of vibration
¢f the pendulum is wery eriticsi, sincs an inclinstion of the base
plate of 1" of zre couses 90" inclinstion of the pendulwa, The is-
strament is first apuroximately leveled in this plane ﬁy wesne of a
lavel vial having s sensitivity of cne-tcuth inch eﬁag;T;:r i7" of
arc, Uhs final leveling is done o within 1® of arc by the use of &

microscope focused on the pendulum.



PLATE II1.

The complete instrument
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The leveling in the plane perpendicular to the plane of
vibration is much less critical, and an accuracy of 30" is more than

suf ficient.

Heat insulation of the instrument

As previocusly mentioned the period of the pendulun has a
temperature coefficient equivalent to a change in g of about ~19
mgals per deéree centigrade at 15° ¢, In addition, because of the
relatively small heal conductivity of the thin spring and large heat
capacity of the pendulum mass, appreciable temperature gradients may
exist in the spring. Bspecially if the temperature of the base plate
is changing rapidly, there may be 2 considerable lag in the mean
spring tewperature, and differences as great as one or two degrees
centigrazde may exist between it and that of the base plate. This
condition, of course, considerzbly increacses the uncertain;y of the
temperaturs corrections. It would be desirable to thermostat the
instrument, holding the tempsrature constsnt teo within a few tenths
of & degree {. Yowever, because of the inconveniemce of doing this
in the field with only storage batteries as a2 source of power, an

the mstroment and méike Gllowances fon
attempt was made to insulate, the thermal hysteresis as will be ex-
plained later. The instrument is surrounded by a protective case,
lined with cork and filled with sawdust. The exterior is painted
white and the metal parte plated to present good reflecting surfaces.
& thermometer graduated to 0.1° C. is used to read the temperature
of the base plate, The complete instrument, with its protective

cover is shown in plate I11.
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Qoservation and timing of the pendulum

& low power microscope (U8 mm. objective, 15x ocular) is
mauute& on the base plats and focused on 2 small pointer at the
top of the pendulum beb, The position of the pointer is read on a
gradusted ocular micrometer disc. Because of the relatively rapid
damping of the pendulum motiocn, it is necessary to limit the time of
observation‘to one or two minutes snd measure the initizl and finsl
times Lo an accursey of T .005 second. This is aceompiished by the
use of & photoelsctric cell and photegraphic recording, & light
beam passing through the microscope objective is focused on the pen—
dulunm pointer in its center positioen. The interruption of this light
beam normally falling on 2 photoelectric eell preduces 2 small impulse
which is awmplified and recorded b§:%scillograph, The reflsction
seismogravh equipment of the California Institute of Technoclogy was
ngsd for this purpose, The oscillogram has four traces, sad is con-
veniently marked by timing lines every .0l of a second. 7he half
secondz® ticks of a chronometer wre picked up with & wicrophene,
amplified, and recorded on the samwe record. An eleetric contact on
the second hand of the chronometer provides s =eed mark once every
minute, and & hand switch is provided for recording the time when the

pendulum motion has a certain agplitude.



PLATE XV,

Apparstus in place for an ohservation.
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PART IV.

FIEID MEASUMBMENTS AND DATA

Setting up of the instrument,

Since the instrument is very semsitive to slight tilsing,
it is necessary to provide z substantial structurs on which to place
the instruments during field obgervations., The instrument is mounted
on & rigié,‘éhart legzed tri;ad commonly used for mine and tunnel
surveying. The iriped in turn is placed on a wooden triangle faced
with steel plates, which prevent the triped legs from spreading or
sinking into the ground. It is necessary for the cbserver to keep
hig feet off the ground during 2 measuremeant, since even the shifting
of weight from one foeobt to sunopther is sufficient to ceuse & slight
displzcement of the ground and noticeable tilting of the instrument.
In practice the instrument is set up next to the geophysical truck
as shown in plates III and IV, and adjusted by the observer sitting
in the car. In this manner it is peseibls o keep the base plate
level to within a few seconds of erc if the iripod is rssiing on
reasopebly firm ground. Own windy days soms trouble is enéanﬁtered

due to vibration of the ground and instrument.

Method of observation

After the base plaie has been leveled, the pendulum is
started swinging with & half amplitude of fifteen microscope scale
divisions (about 62' of are). Shortly before the amplitude is re-—
duced to thirteen divisions (U45') the oscillograph camera is started

and allowed to run for eight or ten seconds, in which time four or
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five impulses from the photeoelectric cell ars recorded. When the
smplitude reaches thirteen divisions & mark is placed on the record
by means of the hand switch. The time of starting the pendulum is
chosen 30 28 bo insure the minute signel fallinzg within the period

of recording. Shortly before the elapse of sixty seconds the camers
is agein started and four or five more impulses recorded, The initiasl
time for th@lswiﬁg with an swplitude of thirteen soale divisions is
determined by vlobting the tiﬁeg of the impulses snd graphicelly

determining the nmean, In this way the offect of the light beam
beiag slightly uncentered is sliminated. The same procedure is ap-
plied to determine the final time after fifteen swings [about sixty
one seconds later). Thess times sre corrected Lo chronomebter time by
meang of the half second chronometer impulses on the record. The
differsnce betwesn the corvected initial snd final times is denoted
by ﬁlwe The sntire time regquired for setting up the pendulum, meking
geveral determinations of %15‘ and replacing the equipment in the

truck i sbout twendty five mimntes §if the photogrsphic records are

not developed in the field.

Temperature and inclination corrections

in order to teke into account the effects of thermal hy~-
steresis previocusly discussed, an observation was taken st & base
station at the beginning and end of & series of runs., 4lse, if
possible, the same series of stations were occupied twice in the
sawe dgy. aﬁ aceurate record of the bemperature was kept, snd from
the resulis of repeating observations and checking in at the base

station, it was posgsible to roughly estimate the mean spring tem-
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peraturs, From this estimated temperature, @15 was reduced to its
value for 20° C. by m=zns of the formula

ATy = +40.050(t - 20.00) sec..

where i is the estimated mean spring temperature. Eecause of the
uncertainty of this temperalure, errors as great as 10 mgals or more
may have been introduced.

ihe correction for slight inclinstion from the vertical

position is usvally not great. It amounts to

AT.. = +.015 ng seg.

15

where n is the inclination in ccular micrometer divisions (1 division
eguals 3' 28" of are) of the pendulum from its vertical position.
In most cases the correction was negligible.

On two occasions it was found necessary to add a "drift
correction” of (0.015 seconds to Ti5 ia order to brinz it to its
average valune gt Passdens.

, It is guite important to always calculate Tl5 from the
same initial amplitede {thirteen scale divisions in the present
series of measurements) since the peried depends markedly on the
amplitude of motion, By taking the initial time one conplets swing

late or early, an error of about 1l mgels in the calculated value of

£ is introduced,
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Calibration of the instrument

The instrument was calibrated by determining the differsnce
in period between Pasadena and Mount Wilson. fThe data are given in

Sppendix A. At that tims T, {£ime for 30 swings) was determined

?30
rather than Tis. bui the dsla can be easily adapted to the Tiﬁ‘base.
The difference in iéo betwesh Pasadena and Mount Wilson was 1.78
SBCONIS, anq'the difference in gravity 323 mgals (determined by the
United States Coast and Geodetic Survey). vﬁsing these dats and

the expresvion for the peried of the instrument

T = 2n /ca ; P

the following formula {approximate) may be derived

. aes(; - 3 OT15
bg = 355(1 -3 “31‘53“"'15 mgals

where &g is the slgebraic difference in g between & given station

erd Pasedena, and AT.. the algebraic difference in Tl between the

15 5
t=o stations.

This corresponds to a seasitivity about Q0 tines as great
as that of an ordinary pendulum, which is in fair zgreement with the

value 85 calculated from the period and diménsions of the imstrument

S
by mesns of the theory prevfgély given.

Results of field observations

easurements were made with the pendulur st sixteen
stations, four of which had previocusly besn occupied by the United

States Coast and Geogetic Burvey, and the remaining 12 along &
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profile across the Los Anzeles Basiz and Szn Sabriel Mountains., The
latitudes, longitudes, elevatlions, and values of g for the stations
are tabulated in sppendix B. The locations of the stations are
plotted on plate VII {back pocket of thesis}. The ebserved values

of T15’ tgmperatgre and inclinstion corrections, drift corrsctions,
gorrected values of T' , the weighted msans, snd corresponding values
6t gl are tabulated iisappendix A.

Staéigns #3 to #9 to inclusive were repested n number of
times, and are probsbly accurate to * % mgels. The remaining stations
#10 to #18 {excluding Palmdsle previocusly determined by the U,.8.C.
&G.%5.) are less reliable, snd soms of the stations may have srrors

of = 10 meals or nossibly grester.

1. Based on the 1933 value for the Washingbon, D, (. base station o
of the U.8.0.&3.8. Pasadenaz #3 value is taken as §79.578 o/ sec”.
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PART V

INTEEPRETATION AND GEOLOGICAL SICNIFICANCE OF THE DATA

Principles involved in the interpretation of the data.

The basis for the interpretation of the datza is Newion's
inverse square law of gravitational attraction. The problem of cal-
culating the attraction of 2 given distribution of mass is straight-
forward and the solution uniguely determined. However. the inverse

problem of determining the distribution of mass within a given region,

Figure 4

when the zravitational field is known outside the region, has no
unique solution, 1If no restrictions are placed on the density of the
attracting matter, there are always an infinite number of mass con—-
‘figurations which will produce identical external fields and there—

fore sbtisfy the data equally well.
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The chief ﬁiffiaulty arigses from the faet that any dis—
tribation of mass, or any part of the distribution, may be replaced
by a surface layer of proper ?arﬁaée ﬁensify on any closed surface
Asurrouﬁding the'mass,iwithout effgeﬁiag the fisld outside that surface.
As an syeample of this difficulty, & simpie hypothetical example is
gshown in figure 4. The Ag curve shown at the top represents the
vertical component of attraction of a long cylinder located at depth
A bensath tﬁ& surface of the ground. Agfg?ys. and I are shown distri-
butions of mass which have essentially the seme gravitationsl at~
trastion at the surface as the cylinder. Yorsover these distributions
are only o few of an infinite nuvber of similar ones which will satisfy the
Ag curve equally well., Obvigusly it is not possikle to determine from
 the grevity data aloms which, if any, o¢f the sssuved distributions
is the actual one. The diffTicullty which srises frequently is whether
given dzta shall be accounted for by a deep distribution of limited
horizontal extent, or by a shallower distribution of greater hori-
zontal extent. ofhe difficulty is further ineressed by the experi-
mental errvors of 5§sérvati&&, snd %hetlimited dats usually svailable,

However, if it is possible to place S§fficiént restrictions
on the assumed densities of the attracting pattsr, the lack of unigue—~
ness of solutions largely dissppears., Ordinarily in the applicationm
of gravity methods to geological problems, it is legitimate as an
gpproxivation to assume continuous distribulions of mase with the
density constant, or varying more or less uniformly in any parti¢ular
type of rock. In this case wany of the solutions mathematically

o

‘possibie may bs rejected as artificiazl and untensble.



Although gravity date by itself iz not sufficient to com—
pletely and uni@uely_determine subterranssy distributions of mass,
when used in conjunction with geolozic and other geophysisal dsta
it often serves s usefnl purpese. Fimrst it preseats a numbsr of
possible solutions to the problem, from which it mzy be possible to
saelect the correct one by use of other evi&emce, and secondly it
serves as a check to eliminste zssumptions incompatible with the

gravity data.

Methods of Interpretation

The method commonly used in interpreting gravity data is
to assuns a hypothetical distribvution of wmetiter and compare the
values of gravity calculated for this model with the observed values,
Then by 2 process of cut and try and recaleulation, the model is
sltered until the diserepsney betwesn observed and compubted walues
disappears,

In the present case, the hyvothetical model is built wp
in the following way. If the sarth werz an ideal retating ellipsoeid
in mechanieal eguilibrium, that is with iis internal surfaces of
equal density coinciding with its eguipotential surfaces, the value
of gravity on its surface (hersafter called the ideal reference
2llivsoid) would be siven very closely by the wewt formuls.

- Y, = Y ({l+a sin® g -1 sin® 24}

where 7é, a, b, are constants, and ¢ the latitude. The values of

these constants chosen by the Internstiocnal Geodetic and Seophysical
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Union as best fitting existing geodetic and gravity data are given in

the following formula
Yo = 978.089(1 +0.005288k sin® § ~ 0.0000059 sin” 24)

In the following discussion, Yo is computed from this Intermational
formula, but adjusted to the 1937 value of gravity at the U.S8.0.&G.8.
Washington base station,

At any limited height h (in fest} above the surface of this

hypothetical earth the value of gravity would be

Y = y, - 0.0000941 b en/sed”.
Now imagine the land masses of the actual sarth to be
superimposed on the model, and the ocean basins geooped oub and

filled with water. The new value of gravity would be
# P . ) 3
Yo v 0.0000%41 h + Agt

where agt is the attraction of the last zdded material.

The difference, g —y" = gy {commonly called the Bougtir
dnomaly), between the observed values of g and y" computed for the
model is then to be accounted for by the heterogenesous distridbution
of densities within the actual earth, and which remains to %e super—
imposed on the model earth. The problem thus resolves itself into
finding the distribution of mass whichk will accouat for tha.AgH term.

The work of geodesists and geophysicists tends to show that
the heterogenity of the marth is largely confined to its outeemost
portions, possibly to the wpper fifty or ons hundred miles. The
first few thousand feet of the earth's crust is eziremely heterogeneous,

as is evidant from its intricate and complicatzd geologic structure.
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Also on a large scasle there are distinet differences in the rocks of
the continental and oceanic area8 The rocks of the continents are
lighter than those of the ocean basins,

The extensive invesitgations of Hayford and Bowie and
others of the U.8.C.&.G.S. have shown thst the Bouger anomalies ean
be largely accounted Hor by the assumption of “isostatic compenaatian*,
that ié that the excess of mass of the topography above sea level is

) than thore of lower arcss. Mott Geodossots ai<

compensated for Ly underlying rocks lighter,in sccord that the con—
tinental areas are layers of light rock more or less®loating® #n
the heavier rocks of the substraium and ocesn basins, However, as
to the ﬁetgils of deansity disiribution there sre mowe diverse opinions,
In order to tihrow further light on the problem, itis desirable (o cover
any given region with & closer net of grevity stations than is usually

possible in the study of large aress of contivental size.

Results in Scuthern Dalifornisa.

The azssuwmption of isostasy has besn remarkably successful
in accounting for the Bouger znomalies taken as a whole, but in certain
regions there are appreciavle isostatic anomalies. In his book
”Iﬁastasy”ls Bowie in 1927 suggested that the lack of agreement be—
tween calculated and observed values of g in the Ilos Aﬁgeies Basin
could be attributed at least in part to the accumulation of Cenozoie
sediments of relatively low density.

The occurrence of a consideravle thickness of Tertiary
sediments in the Los Angeles Basin has of course long besn known

to geologists, and estimates of the thickaess by them have ranszed

i. Pages 99, 164-172, BSee bibliogrephy.



PLATE ¥.

¥ap showing routes of reflection seismograph and gravity
profiles. Base map tuken from the Zouthern Califernia

Hendbook of the XVI Internstionsl Geolozical congress.
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from fifteen thousand to fifty thousand feet. 1In the summer of 1931,
Dre. B. Gutenberg, H. O, Wood, and J. P. Buwalda did some preliminary
reflection seismograph work in the los Angeles Baﬁin}. In 1974
Drs. Gutenberg and_%uwalda completed a_reflectionyseiémngrayh pro—
file across the los fngeles Basin and San Gabriel Valley ap?raxiﬁately
along the route shown in plate v.2

Some very interesting results were obtained, A4 naéber of
refiections ;ér& recorded at emch station, with the latest reflections
coming from greater and greaber depths as the eentef of the basin was
approached, Also at the Inglewood and Vorwalk faults marked discon—
tinuities were encountered, with the deecpest reflections suddenly
dropping off from sbout a twenty or twenty five thousand fool depth
on esch side of the basin to much greater depths reaching ¥orty five
thousand feet in the center of the basin, )

The question arises whether the Tertiary and possibly
Cresaceous sediments of the basin are fort)y five thousand feet thick,
or whether the desepest reflections are from the contaet betwesn rocks
of the Fransican (Jurassic) and related formations &nd the crystaliine
"pasement complex® rocks known to underly the region of Southern
California. The gravity dsta tend to favor the latter alternative.v
In plate VI é hypothetical structuore section is shown along the pro- -
files chown in plate ¥V and ité extension across the San (abriel Moun-
tains to the Nojave Desert. The plate is more or less seli-explanatory,
with a basin of sediments about thirty thousand feet deep in its
deepest portion; next ten to itwenty thousand fzet of slates, schists,

1. "xperiments Testing Seimmographic Methods ete.® See Bibliograsphy

2. Results presented av the thirdy fourth sanual meeting of the
Geological fSociety of bAmerica, Uordilleran Ssction, Stanford
University. i935.
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and related metamorphic rocks, similar to thcse exposed in the
Santa ¥onica Yountains, San Pedro Hills, and Santa Anaz Mountains,
snd with their lower contact counforming roughly to the results of
the reflection seismogroph data; then a layer of variable thickness
of crystalline "basement complex”™ rocks, resting in turn on denser
and more basic rocks shown at the bottom of the section,

In the top half of the plate are shown the values of gravity
calceulated for the section, and the observed values {corrected for
elevation and topographyj. Except for ome point {station #14) the
agreement between the obverved and calculated véluas is well within
the limits of experimental error {about five to ig'mgals). The cal—

culated values were computed by the formula

7
B = Yoty
where égg is the contribution due to the deficiency of demsity (as
corpared with that of the "basement complex") of the sediments, and
of the projection of lighter crystalline rocks into the denser rocks
with an added arbitrary constant, a$, Explined in gppendix ¢
below seventy thousand feet,, The atiraction égH was comnubted by
using azggmpl :te placed on the structure section, snd counting the
squares ovar sach area of different density, and for each gravity
station. The process amounted to a graphical integration. The section
ras treated as a éwo dimensional one {that is, with infinite extent
in a direction normal to the section), and the "basement complex"
layer wasz cssumed 1o extend infinitely with & thickness of seventy
thousand feet to the lefi of the diagram and of one hundred and five

thousand feet to the right of the diagram. ¥These assumpiions, while

not strictly corresponding to reality, greatly simplify computations,
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and are justified because ofAthe limited amount of datz available,

in the calculations it was of course necessary to assume
densities for the different rock types. The asgumed values are shown
with the symbels for the rock types at the bottom of plate VI. The
density of 2,710 gm/cc assumed for the "basement complex” is based
on the mean of the densities determined for fifty specimens collected
mainly from the San Gebriel Mounitains., The Franciscan and related
rocks were assumed to have the same density because of the lack of
more definite information. The mean density for eieQen 0il well
core samples all taken from Tertiary sediments, znd furnished by
Mr. Bdward Iynton of the Standard 0il Company of California, was
2.35 gm/ec. On the basis of this figure, the density of the first
ten thousand feet of sediments was taken as 2.435 gm/eec, allowing a
small increase due to compaction and water content in situ. For
the sediments between ten and twenty thousand fool depths, a density
~of 2.550 gm/cc was assumed, and below twenty thousend feet, 2.600
gm/ce. For the density of sediments above sea level a density of
'2536 was assumed.  For the lowerwost crystalline r#cks & density
of 3.110 gm/cc was assumed.

The structure section must not be considered as snything
but hypothstical. It may possibly resemble the true section in iis
broader features. However, in many respects it is undoubtedly over-
simplified and inaccurate. The assumption of homogénecus demsities
in the various rock types cazn only be regarded as a first approxi-
motion to the complexity and heterogeneity actually existing. Be~
cause of the lack of unigueness of solution previously discussed and the

relatively large experimentzl errors, there is no zssurance that obher
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sections could not be assumed which would fit the gravity dats equally
well and satiefy the requirements of geologic plausibility. Specifically
the assumed shape and depth of the sedimentary basin could be altered
somewhat by sssuging differvent &eﬁsiﬁies. The boundary betwsen the
light snd heavy crystalline rocks could be placed at lesser or greater
depths by broadening or accentuating respectively ifs irregularities,
The layer of "basement cnmplex: rocks might be replzced by several
layers of different densities, or agsin by & single layer of constant
thickness, bubt with decreasing deansity ia the direction of the San
rabriel Yountains,

However, there are limits to the variations possible, and
certain general conclusions may be stabted. First, the maximum thick-
ness of the Tertiary sediments in the Ios Angeles RBasin may be some~
what grester or less than thirty thousand feet, bﬁt probebly not as
great as forty five thousand feet. Secondly, the incressing elevation
of the lanl surface is isoststically compensated, at lesst in a
gualitative and regional way.

If a speculative &igreﬁﬁion is permissible, one of the
interesting points concerning the structure section of plate VI
{whieh is drawn with egual horizontzl and vertical scales) is that
features such as the San Gabriel Mountains, which appear to tower
above the observer when viewed from the ground, are relatively in~-
significant irregulavrities on the surface of the earth's crust., The
mechanical behavieur of rocks under conditions existigg at depth is
very incompletely known, but i%& is probsbly s reasconable assumption

that they have apwreciable strensth down 0 & depth of fifteen or



twenty miles. Since the height of the surface ineguzlities is guite
small compared with this thickness, the shesaring stresses required .
for thelr support are relatively small, and hence the more local

rregularities of limited horizontal extent wouldndt be expected

[

to be isostatically compensated. However, surfacs:ﬁndulaticns of
large horizontal extent would be expected to cause broad warping
and aéjustmegt of the crust with resulting isostatic compensation
on a regional scale. This is¢ the old provlem of regional versus
local isostatic compensation.

It would seem in the present case that the surfsce ir-

regularities represented by the San Gabriel Mounbtaing and the los

o

dngeles Hasin sre largely due to the fesilure by shorteaning of the
earth's crust under the action of horizontsl compression, that these®
features may be partially compensated by local adjustments at depth,
but that the wost important adjustments have been on & broader scale,
More specifically, the region owes its gensral elevation sbove sea
level to the increasing thickness of & laysr of light rocks, or

its eguivalent, vhile the Ssn Babrisl Hountains and Los Angsles
Basin ars irregularities supverted largely by the strength of the

upper parts of the sarth's crust., This opinion. is, of course, cnly

& speculation.
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APPENDIX A
Calibration of Instrument
Temperature
: Inclination ' .
Record @30 Oggrggt ;ggr Soprastian T}O Weight
3B 122,43 +.05 +.01 122.49 1
¢ ﬁg +.07 +,07 Lu3 1
D . +.07 +.01 .50 1
E .69 -.20 +.00 Bg 3 Tekcens
e} b7 - 10 +.05 k2 1
H .51 -.03 +00 .48 1
Mean 122,147 .03 sec.
o2
g = 979.578 en/sec”.
LA ;1120.22 . +.07 +,00 120.69 1
B - +.03 +.01 W 1 .
c 6l 400 +.05 o6 31 % Viawm
D .70 -.02 +.01 .69 1
Mean 120.69 ¥ .01 sec.

g = 979.255 cu/sec’.



ii.

Temperature
Drift Inclination %
Becord '215 Correction °§§"§§?g{‘ Correction Tl‘j Weight
3J 61.105 ~0.19 +.035 60.950 1/4
K .155 ~0.22 +.002 '958 1/k
1 .025 -0.20 +,015 .8 1/2
¥ 075 €0.20 +,001 .&75 1
K 60.995 ~0.11 +.004 . 890 1
¢] .99%5 ~0.11 +.00k .885 1
o! .995 ~ -0.11 +,004 885 & 1
P 61.166 +,015 ~0.32 +,000 .860 1/2
Q . 150 +.015 ~0.32 +,000 . 8U5 /b
Q! b0 +.015 -0.32 +,000 .835 i/4
U 60.905 -0.02 +.002 .885 1
v . 860 ~0.02 +.035 .875 1
] . 860 -0.02 +.035 .875 1
- 570 .31 +.015 . 895 1
Y 550 .31 +,021 .880 1
" +350 +0.31 +.015 .875 1
FYy 61.025 ~0.11 +.000 .915 1
4B 60.960 -0.11 +.000 .850 i
AC 9715 . -0.11 +.000 . 860 1
' Hean 60.881 * .010 sec.
g = 979.578 om/sec’
54 61.145 ~0.29 +,000 60.855 1
B .1ho -0.29 +.000 . 850 1
¢ 60.990 -0.19 +,000 .800 1
D 61.040 -0.19 +,000 .850 1
B 60.960 -0.07 +.000 -890 1
¥ 60.955 -0,07 +.000 . 885 1
il .95 -0.07 +,000 875 1
) .960 -0.09 +.000 .870 1
B <S55 -0.09 +.000 .865 1
H . 540 -0.09 +.000 .. 850 1

Mean: 60.857 £ .015 seec.
g = 979.569 cm/sec.



Record

=R Rala hmmug

DO WD

gh

B

Dy

SA
B

:

60.065
.085
o 950
<955
.980

.9h5
+950
935
-925

61.170

60:935
61.015

.065

60.930
.920
.920
-965

-9

60.997
. 9u7
0950
.570
.90

Drift
Correction

+,015
+.015

+.015
+,015
+,015
+.015

Temperature
Correction
to 20° C.

~0.19
~0.19
-0.05
~0.05
-0.07

~0.07
"0.07
-0.05
-0.05

 S3RBER

3oa 54

P IR

~0. 04
-0.0k
=0. 0k
~0.07
-0.07
~0.07

~0.06
-0.06
-5.06
-0.08
-0.08

i1,

Inclination

Correction Tif; Weight
+.010 60.885 1
+.000 .895 1
+.000 .900 1
+.000 .905 1
+.005 .915 1
+.005 <880 1/2
+,005 .885 1/2
+.000 .900 1/

1/4

+. 000 «890

Mean 60.897 ¥ .010 sec.
g = 979.58% cm/sec.

+.035 61.025
+,005 .025
+. 0000 60.980
+. 000 61.010
+,000 60.990
+.000 .9390

P o ot ot ot ot

Mean 61.003 £ .015 sec.

g = 979.621
+,000 60.890 1
+.000 . 830 1
+.000 .880 1
+. 000 . 355 1
+, 000 . 895 . |
1

+.000 C 875

Hean 60.8%6 * ,010
g = 979.580 om/sec”

+. 000 60.935 7
+.000 . 885 1
+. 000 . 890 1
+.000 .890 1

1

+,.010 870

Mean  60.894% % .015 sec.
g = 979.583 em/sec”.



iv.

Temperature

Brift Inelination .3
R T1.5 Corraction °2§r§g§ig“ Correction 115 Rah s
10A 61.135 +,015 -3l +000 6C. 840 1/8
B L 190 +.015 -.31 +, 005 .900 1/4
¢ .010 +.015 -.07 .000 .955 2
D 60.955 +.015 -.07 .000 .900 /4
Mean 60.938 % .030 sec.
g = 979.599 ém/sec.
114 61.140- +.015 -.21 .000 60.9k5 1/2
B .120 +.015 -.21 000 925 /4
B .110 +.015 -.21 .000 .615 1/
¢ 05 +.015 ~.07 .000 .990 1
D .00 +.015 -.07 .000 .985 1
Mean 60.970 * .030 seec..
g = 979.610 cm/sec®.
124 61.060 +.015 -.12 +.010 60.965 1/3
B 020 +.015 -~ 12 +.010 .925 1/3
B! .035 +.015 - 12 +.010 .940 1/3
¢ .055 +.015 -.07 +.005 61.005 1
D .080 +.015 -.07 +.010 .045 1
Vean 60.998 ¥ .035 sec.
g = 979.620 cm/seca.
134 60.940 +,015 -.02 .000 60.935 1
B 915 +.015 -.02 .000 .10 1
B! .930 +.015 -2 .000 .925 1
| Mean 60.923 £ 010 sec.
g = 979.593 on/sec’
14 60. 715 +.12 0G0 60.835 1
B .J10 +.12 .000 .830 1
¢ <710 +,12 000 . 830 1

Mean 60.832 £ ,002 sec.
979.560 cm/sec®

0
i



Tempebature

Drift Inclination 1 :
Eyenrd Tlﬁ Correction correcgion Correction Tlﬁ b
to 20° ¢.
154 60.580 +.27 . 000 60. 850 1
B .550 +.27 . 000 .820 3
¢ 535 +.27 .C00 . 805 1/2
Mean 60.829 ¥ .015 sec.

g = 979.559 cm/sec?.

164 60. 1450 +.13 +.005 60.595 1
B Ll .13 000 575 1
¢ 25 +,13% .000 .555 1
y: R . 305 +.27 .000 515 1
B . 320 +.27 .000 .590 1
¥ . 305 +.27 .000 575 1
G .210 +. 34 .000 550 1
H 250 +, 34 .000 590 1
i .265 +. 3k .000 . 605 i
Mean 66.579 * 015 sec.
g = 979.467 cm/ secz.
174 60.110 +.33 .008 60. 4l 1
B .030 +, 3% .000 . 360 1/2
¢ .065 +,33 .000 -395 1
Mean 6@.1306 + 070 sec.
g = 979.404% em/ ssc.
184 60. THO ~-.12 - .000 60.620 1
B L715 -.12 .000 .55 1
¢ L7120 -.12 .QC0 . 600 1

B e e g
LA T A NS

Mean 60.605 * .010 sec.
g = 979.479 cm/seca.



Iocation of Stations

Station

2

10

11

12

13

£
979.578

979.255
979.569
979.584
979.621
979.580
979.583
979.599

979.610

979:620

819.593

APPENDIX B.

Longitude Istitvde Elevation
118°07. 59! 3h¢qf;§?:

118903. U 3&91325; 5,610%" ¢
117°59.15" 53“5§g}§' 217

Wiy

118°06. 47° 33°5}é?§' o
118°11.55! 33°hs:§if 354
118°05. 08! 3505?f¥%f 58!
118°02. 24! 33°5§:§Z' g8
118°12. 77! 33°h?:f?: 29!
118914, 72¢ 330&&1513 26"
118°17.08! 33Ghs.§§; 184
118°09.90! sl

37950, 861

SR T

vi.

Location

756! v Pagadena, Calif. Inst. of

Technology, parking lot
between Astrophysics and
West Bridge buildings,

¥t. Wilson, interferometer
pler used in Michelson's
determination of the
velocity of light.

Santa Fe Ave., 300' west
of Pirst Ave.

Palo Verde Ave., 200!
north of First St.
(Orangethorpe 4ive.).

Long Beach, intersection -
of alleys 250' northwest
of Fifth and Pine

Artesia Ave., 900! west of
Pioneer Rlvd. (Worwalk
to Puente road).

Road 0.5 mile west of
VYalley View Ave., 1800!
north of Banta ¥e tracks.

208' south of Carson St.,
290C* west of Los Angeles
River.

1200" south of 223 St.
(#ilmington 5t.), 150¢
west of VWilmington Ave,

400! southwest of inter—
section of Figueroa St.
and Lenz Beach~Redondo Ed.

G0G' northeast of inter—
section of Cherry and
San Antonio Avenues.



Station

14

15

16

17

18

£
979.560

919.559
979. k67

979. ok

979. 479

Longitude

latitude Elevation

117°57. 70°

117954, 381
118°07.00¢

117945, 881

117950, 621

3U°00. 761

JFE3

3&*06;§2*
34°zh, 760

34°29.93"
V2o 3

34915, 801

3t

521 ¢
2,657°

3,4101

2,270°

vii.

Iocation,

Hacienda Blvd,, (Hudson
Rd.) 800' south of Union
Pacific fraqks.

Bonita Ave., 100! sast
of Azusg Ave,

Palmiale, 25' gouth of
Southern Paecific Depot.

Palndale~Victorvilie
Highway, one mile north
of larga Vista.

4501 north of junction
of the north fork of the
San Gabriel River and
Bichota Creelk.



viii.

APPERDIX €

REDUCTION OF GRAVITY DATA

Corrections for elevation snd tupography.

4s explained in the text of the thesis, the effect of the

elevation of & station on the value of gravity is given by
2
AY, = - 0.0000941 h cm/sec

where h is the elevation of the station (measured in feet) above
the ideal reference eliipsoid. However, the elevation of & stabion
as determined by leveling operstions is referred to the gecid (the
eguigpotential surface coinciaing with mean sea level). In the ideal
earth the two surfsces coincide, but in the actual earth, because of
the heterogensous distrisution of mass, the two do net coincide., The
most receat geodetic work sugeests that the undulations of the geoid
above and below the reference ellipsoid amount to sbout one hundred
meters at most and are broad in horizontal extent. Hence for the
limited region being studied, the amount of undulation may ve regarded
as an unknown, but a practically constant quantity over the length
of the prefile. Hence in place of h we may use the élévatipn e
of the station, znd add an arbitrary constant to the calculated values
of g at all stations to bring the calculated and observed values
into agreement.

Stations #5 to #15 are located on the very flai terraine
of the Iss Angeles coastal plain, and the San Gaebriel Vslley. Hence
the attraction of tovography within a few hundred miles of each

station is essentislly the same as that of an infinite horizontal



slgb of material of the ssme thickness and density as the rocks below
the station down to sea Iavei.. The attraction of tovography and
crustal heterogendities outside of this range is essentially the

sare for all statlions and may hence be taken czre of by the sddition
of an arbitrary constznt. Assuming 2 density of 2.30 gm/eec for the
rocks above sea level {(mainly Qnaterﬁ&ry sediments), we get the

following simpls formula for égt

dg, = 0.000029% & em/sec™,

wvhere ¢ = elevation in feet above sea level.

Hence, for these stations, the values slotted on nlate Vi
as "observed values corrected for elevation and touogrsphy®, are
Ziven by

g = g, +0.0000951 e ~ ..0000294 e

_ , 2
Eohs + 0.0000647 e em/sec”.

At stations # 17 and £18, a deasity of 2.71 zw/ec was used
in place of 2.30 gm/eo, and scconnt was thken of the more rugged

topogranhy.

Saloulation of comouted gravity curve.

s explained on page 27 of the text, the objest in the
interpretation of gravity dais is to find a distribution of mass which

#1ll account for the Bouger snomaliss,

bgg = =)



In the study of large areas, where gravily stations sre widely spuced,
it is customary to assume some relatively simele form of isostatic

compensation whouse attraction can be conveniently caleulsted. In
this case the g&leulaﬁei attracticns do not in gensrzl szree com-
vletely w#ith the Bouger anomalies., The diserepancy is vailed the
"isostatic anomaly”, which of course depends on the particular type
of iﬁaatatiavgampanﬁaﬁiga sasumed.

In the present case where & relatively smell region iz being
studied, and the gravity stetions sre reasonsbly eclose togehher, =
somewhal 4ifferent procedure was used. By eut and fry. the sirucbure
gestion wee altered uvntil the attraciion due to the hetsrogeneity
pgreed with the Bouger anowaly. égg, within the limits of experi-
mental srror. The values plotted in the "computed curve® of plate

¥l are given by
: o 5
B “Yo &gﬁ

where ugg is the contribution due to the dsficiency {compared with
a.?iﬁ gmjc»} of density in the sedimentary basin, and the projection
of rocks of density 2.710 gm/ce velow seventy thousand feet, replacing

rocks of density 3.110 gm/ee. In addition sn arbitrary constant,

}éﬁ.ah$ emfsec®, is included in Agi st sll stations in order to bring

hhg’-‘n?

the observed and calculated wvalues into sgreement.
The observed and computed vslues of gravity and other dats

are tebulsted on the following page.
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