CALIFCRNIA MBSTITUTE OF TECHNOLOGY

A Restudy of Existing Graphical Methods of Interpreting
Magnetic Data and Their Application to Interpreting the
Results of 'agnetic Surveys Across the lLos Angeles Basin

A Thesis
Submitted to the Graduate School
in Partial Malfillment of the Requirements
for the dopgree
GEOPHISICAL ENGINEER

DIVISION OF THE GEOLOGICAL SCIENCES
By
MILNER DARWIN QUIGLEY

PASADENA, CALIFORNIA
JIE, 1949



Abstract

This thesis discusses the historical development of the methods
of magnetic interpretation and explains why greater emphasis should
be placed on graphical methods, Many graphical methods have been
published but only one of them, Pirson's Polar Diagram method, has
widespread application to all magmetic interpretive problems,

The Polar Diagram method iz especially applicable to magmetic
problems of a regional nature where the disturbing body is very ir-
regular in shape and cannot be approximated by a second ordexr geo-
metric form, A disturbing body of this description is preseat in
the Los Angeles Dasin,

Previous attempts to match the observed magnetic anomely curves
across the lLos Angeles Basin with thel theoretical caloulated curves
by mumerical methods have failed to obtain a close comparison, The
Polar Diagram method makes it possible to obtain a superposition of
the caleulated curves over the observed curves except in the vicinity
of the Palos Verde Hills, The superposition was obtained only after
there was complete agreement between the existing geologle gravity, and
seismic information along the profile aeroses the Basin,

The Polar Diagram method is one of the cuickest and most siraight
forward of the graphical methods to use, It is applicable to most
magnetic problems where the direction of the induced magnetism 1s

parallel to the direction of the remanent magnetism,
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Introduction

Statement of Problenm

The question of deciding which of the four major geophysiecal
methods of prospecting is best suited to the vrocurement of data on
& partienlar geologic problem is one which always confronts the
person or persons in charge of the exploration work, The final de-
cision on this question, of necessity, will be based on the relative
cost of the geophysical method, the reliadility of the data obtained,
and the ease, accuracy and uniqueness with which the data ecan be in-
terpreted, The magnetic method unquestionadbly is the cheapest, the
moet rapid, and the easiest method with which to obtalnm data in the
field, The difficulties are encountered in the process of the inter-
pretation of the magnetic data, These difﬁmﬂtiea»may be traced
easily to three causee, The first is that the induced magnetic
field is dependent upon the angle between tha strike of the disturbing
body and the direction of the inducing field, Consequently, two
identical structures of widely different sirikes may give rise to
two entirely different magnetic anomalies, The second difficulty
ig due to the fact that the magnetic susceptidility of rocks cannot
be determined accurately, TFinmally, the third difficulty arises from
the fact that the usual assumption of homogenecus magnetization applies
only to bodies limited by surfaces of ths second order (5, pz, 328-329).
The variables involved in interpreting magnetic data are so mumer-
ous that the use of magnetic methods in exploration work in the future

is dependent, to & very large degree, upon the ease and assurance with
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which these vorichles ecan be interpreted. Memmeblc Internrototion is,

therefore, in need of a technique which is able o ftake inbto cccount
2ll the veriables sc Shot it can be oiplied to most types of mamotic
data with the least number of resirictions.

I: is the ourpose of this paper to compare the existing methods
of inteépretation and to seloet orpwhich is most sultable for the
purpose of interpreting the most rceneral type of mapmetic anomely,
i.es the marmetic anomaly cansed by on irresularly shaped geologic hody

of either local or ro~ional sice,.

Aclmoledronents
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Geolorieal Sciences, California Imstitube of Technolosy.

Historical Development

It is of importance to review briefly the existing methods of
interpretation in order to oblain a clear pieturc of the chanre of
ermphasis Jurdng the development of »rescnt day nothods of mammetic

interoretation.



The sarly attempis to develop interpretive procedure were
centered on rnumerical methods, The data were obtained in the field,
and then a formla was chosen which best suited the particular case,
Mamerieal formmlas were only available for the special type of geologic
body which could be approximated by a buried sphere, or a cylinder, or
a dike, or a semi-infinite plane, These formulas have become very numerous
in the literature, butmne of them is of general application and can
only be applied to the data when all the restrictions are met.

During the period of the development of the rnumerical formmlas,a
few attempts were made to interpret magnetic anomalies by graphical
methods, These graphical methods were in general regtricted to0 such
forms as contour maps showing lines of equal anomaly, profiles at right
angles to the strike of the disturbing body, plotting of anomalous
vectors, and the plotting of magnetic gradients, The latest develop-
mente in the field of magnetic interpretation have emphasized to an
even greater extent the importance of graphical methods, There are
several fundamental reasons vhy craphical methods should be given
greater emphasis or consideration, In general, graphical methods are
rmach simpler in application than numerieal methods, TFurthermore,
graphical methods are rmuch easier to understand by the person not
especially trained in mathematics or physice, Fipally and most ime
portant of all of the reasons listed, graphical methods actually repre-
sent a closer approximation to the real shape of the distrubing body,
becaunse they integrate the effect of all irregulatities and are not

restricted to second order geometric figures as are mumerical methods,
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Discussioh of Graphical Hethods

lee (7) described in 1932 a graphical method for the determination
of the depth to the top of the disturbing body which causes the magnetic
anomaly., Lee's method i3 one of construction which is based on the fact
that the magnetic field due to a body decreases as a certain function of
the distence from the body, Thus, by using the function £(1/r)®, where r
18 the distance from the source, it is possidle dy simple construction to
determine approximately the depth to the top of a buried magnetic dike,
pole, or ghell, Unfortuantely, this method of depth determination is re-
stricted to those disturbing bodies which can be approximated by a dike, a
pole, or a shell, Moreover, the construction method does not determine
the actual ehape of the body exactly, The final shape decided upon is,
in an uncertain measure, a matter of extrapolation,

In 1935, Happe (3) pointed out that there were three important factors
about magnetic anomalies which can be used in developing a graphical method
of interpretation, The form and magnitude of any magnetic anomaly ie
dependent upon:

1, The dimensions and position of the disturbdbing body,

2, The magnetic susceptidbility of the body glving rise to the anomely,

3. The magnetizing forces present, which include the induction effects
of the earth's normal magnetic field, together with any remanent magnetism
of the body.

The magnitude of the anomaly is determined by all three of the foregoing
factors, but $he shape, form, and spatial distridution 1s determined by the

first factor only., Tus, two bodies of the same dimensions, size, and



position relative to the places yhere the magnetic effects are measured
i1l give rise %o anomalies of the same form, and the anamslies will
differ only in magnitude, These statements are quite true if there is
no remanent gm,@etization present. If remanent magnetizatlon is present,
then the statemsnis are valid only when the direction of the remenont mag-
netization coincides with the direction of the induced magnetization,
Usually, the direction of remanent magnetization is close to the direction
of tha‘ induced magnetization, so in general, it 1is possible ¥ use only the
relative dimensions and positions of the distfjybing bodies in developing
a grephiccl interpretation method. Happe (3, P. 218) derives formulas
for the magnetic effects of an increment® of area of the distuwrbing body.
The determination of A7 and A# can be made from the following formlas,
AZ K3 (Cos & ~cos &) Inrz /i;

1 AH KZ(S/’/}Q,‘SM@;,) Inr/n

vhere K is proportional to the magnetization of the body, due to its

i

magnetic susceptibility, O, and &, are the angular boundaries of the
increment of area, and r] and r2 ere the radial boundaries of the
increment of area in reference to the point of meesurement on the surface,
Unfortunately, Happe's formulas are incorrect becauses

1. He assumes in calculating the poteniial that the disturbing
body 1s two dimensional in the sense that it all lies in ome planej thus
the body i3 a thin sheet. Then Happe applies the result to a body that is
a cylinder of infinite length, and hence to a hody that is three dimensiomal
and does not lie all in one plane, He considers the crossedection of the

®in increment of area is considered to be the cross section of a small prism
whose length extends into infinity in the direction perpendicular to the
plane of the crosaw-section taken through the disturbing body.

and are the vertical and the horizontal components of the Earth tio field
respectivelys and are the increments of and of oaused by the dig-
turgzng bodye
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Wizr, 1-- Thasgttion of groticule for crlcenlation of 7 for the

noint of obrervetion F ¢ S 1e¢ the cross-section of

the Atatnrhine hodv which a reovimed to be infinite
in the directinr pverrendicnler to the nlene of the

~ran+icrle , (Coried from Havrrk)



cylinder the sare as that of the twowdimensional body whose potential he
caleulates,

2. He sasumes that the effect of mammetization is to induce a
density of magnetic pole strength rather than a density of dipole moment,
Consequently, he does not meke the necessary reference to the strilke o
angle of dip of the disturbing body in relation to the directions of the
various camponents of the Tarth's magnetic fleld.

These two errors cancel out in the r part of Happe's forpmlas, but
not in the parts involving angles and directions,

Zven though Happg'a formmlas are incorrect, he makes an important
contribution tc the field of graphicael interpretation of magmetic anomalies
in the manner in vhich he applies hia formmlas, He points out that the
summations in the sbove forrulas can be most easily accomplished hy using
a graticule as showm in Plg. 1. The graticule i consitructed in such a
way that Cos 6,« Cos &, i8 a constant for each division, Likewise, the
radii of the oircm =1y T2, P3, ¢tc. are drawn so that

e n/h = Ine B/ = Cornstant
These conctants may be chosen at ‘w:?.ll 9o each subdiviscion may be as small
as desired but each a:z?xiivia;;:n will have tho same effect at point 2,
the point of measurement. Oonsequently, the caloulation of AZ at any
particular point is simply reduced to counting the mumber of subdivisfons
of the graﬁic:ulé £811ine within the outline of the cross section of the
distusbhing hody, and multiplying this number by the assipgned congtan’
nagnetic effect of each sﬁbﬂiviaion at the point P, The gratioule integrates
the effects of all irresularities and is in no way restricted by the shape
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of the croas section of the disturbing body.

The gratieule showm in the dlagram may be used to caloulate A/ as
well as A2z, However, in caleulating A/, the praticule mst be rotated
90° so that the line representing the ground surface will be vortical,

When the disturbing body i3 not Infinite in depth, then the
assumption of a single polarity is no longer justifisble, The gratiocule
will still work by passing a line through the hypothetiecal body at right
angles to the normal direction of the mgwtiq dip. This line would be
drawn so that the body would be more or less symmetrically divided. The
upper partion could then be considered as being mgnetieally positive and
the lower portion nepgative,

Happe (3, pe. 219) lists five practical rules of interpretive
procedure which can be listed to give a clear understanding of the use
of the graticule:

le Correct the magnetic survey data for normal and regional
variations, and separateeich into vertical and horizontal components,

2., Use the shape of the observed anomaly curves and all the
geolosrical information available to comstruct the hypothetloanl body.

3. Construct the cross section of the ancmalous body in the plane
of the magnetic meridian,

4e The snomaly due to the hypothetical hody 4s evaluated by means
of the proper graticle and the curve thms obtained is plotted to a scals
suitable for comparison with the observed curve,

5, The hypothetioal cross section ia now modified by process of
trial and error until agreecment uf ihe two curves is cblalned,



Happe's graticule is very simple to use and t"e prinelple involved
has widespresd application to the pemeralirzed type of magnetic anomsly.
Happe's particular pgraticule, by his own admission, has very limited utility
because the cross section through the disturbing body must be taken in the
plane of the magnetic meridisn, This limits the use of the graticule to
those bodies whose strike is nearly Bast - West, if tic resulting problem
18 to be twowiimensional, This restriction is a serious limitation on the

utility of the graticule, for only in the exceptional case will the atrike of
the disturbing body be East ~ West. Moreover, the insorrest nature of
Happet's formmlss renders the results obtained useless, even in the case
of an Tast-West striking body.

In 1935, Balmemann (1) published an article on the application of
Hippoldt's method for determining the effect of a single pole. Nippoldt's
method (9) first appeared in 1930, and since then it has been sumerized
vy Jemy (5, pe 329), Bahnemann (1), and Heiland (4, pg. 381=389). Bahnemann
extends Nippoldt's method to include the effects of a distribution of single
unit poles whose combined effect approaches that of the disturbing hody.

The method becomes tedious for the single«~pole distribution because the
distribution of the poles must be varied not only in a lateral manner but
in a vertical manner slso. There will be mmercus distridutions possible
that would satisfy the observed curves umless the geological controel is
well kmown, Moreover, the relation of the exaot pole distribution to the
actual shape of the disturbing body is unknown so that the actual shape
cannot be determined by such a msthode

Also in 1935, Pirson (11) described his polar dlagram methode In



Pig,

2

"8.['1‘

Astronomic North
Magnetic North

b4

Comnonenta of the iarth's maenetic field (coried
from Pirson) ok- ancle between the direction of
strile of the cisturvine bodv :nd astronomic North.,

D -
I -

£ -

Te -

egncle between cstronomic North nd m:egnetic North.
sencle of inclin: tion of the Karth's meznetic
field.

ancle of inclination of the rerth's megnetic
fielé in thie direction rernendiculer to the
strike of the cdisturting Lodv,

vector revresenting the direction g3 =magnitude
of the barth's total meonetic field.

vectonr enregenting the comronent of T in the
direccion rerrnencicenler» to the strike of the

i sturrine nedv.
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principle, the polar diagram is very similar to the graticule sugposted
by Happe (3), as oan be seen from the formulas given by Pirsont

A8 = ~K T Ine G/ (5 2B, - St 28)

ah= -k 75//7?/5//; (6'05282— 605205;{)
where A§ is the magmetic snomaly in the dimcti.m/\i‘, due to an infinite
magnetic cylinder of cross section da =g (By = By) (rp = m),4/7 is the
mognetic anomaly in the direction perpendicular to Tg and due to the same
cylinder, T, is the magnitude of the component of the total Barth's field,
I, in the direction perpendicular to the strike of the disturbing body, ry
and r3 are the radii bounding the cylinder, and By and By are the angles
boundinz the oylinder as messured from a point on the sm'face. The oonstant
Ta and the double angles in Pirsom's formulas arise from the fact that he
talms into account the direation of magneiigetion in relction to the
strile of the disturbing body. In essence, he corrects the invalid assumptions
and omissions made by Hoppe., The direection and magnitude of the magnetizing
voctor may be caloulated fram the gecmetric relatiomships showm in Fige. 2.
The value of Tgq 18 given by (for notations see Fige 2).

% = 7 ) Cos?T sm?(=2D) + ST

I4 is not nscessary to calculate Ty, becavse it dces not coniribute to the

vertical and horizontel components of the magnetic anomaliea, It is
necessary, on the other lmnd, %o caloulate the value of the angle E made
by the direction of Ty with the horizontal plane. This angle E can be
obtained from the relationships

Ty £ = 7440.2'/5//'7@@&0)
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Timwe 3 « Polar Chort for the computation of the vertical aond
horizontal components of the mmetic anomly due to
a two-dirensional bhody, after Pirson (11). Value of
each blocky one gomma for T = (.5 pouss and k =
; g e
2000 = 1 CelleSe ’
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It is possible to consiruct a polar diagran from the farmilas for 48
and Ak (Pig. 3) so that each element, which represents the cross
section of an infinite horizontal cylinder, produces the same effect
at the center of the diagram. In the polar disgrem shown, the effect
of each clement 18 one gamma when the intensity of the T, component
of the earth's magnetic field is 0.5 ganss and the magnetic susceptie
bility of each elament is K & 2000 x 10°6 ogs,
If the anomalies A€ and 4/ are known,then the vertieal A%
and the herizoutel A/ corponents of the magnetic anomalies due to
g subsurface geologls feature are determined byr
AZ = AB SinE £ Ak Cos £
A// AR Ca.sEzA}Y S E
where the signs £ are chosen according to the respective directions of
Agam A7«
It 43 not necessary to repeat Piraon's derivation of the formulas

i

given, but it is imperitant for the sale of clarity to repeat ths procedure
followed in obtaining the snomalies due to the assumed subsurface peologie
feature, ' .

The polsr diagran (Pige 3) is traced on trassparent paper and then
superimposed over a cross section of the substratum taken at right an~les
to the strike, The oomponent A€ is camputed by laying the axis on the
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polor diagran maried / g parellel & the direction of Ty, which has been
drawm orcvicusly on the crogs section makins the an~sle £ with the hori-
zontale The val;le of 4 z iz simply the nmuber of elements falling in
the outline of the peologle feature, added accordins to their respective
sipns as indicated on the diarrame 4/ is comsuted in a similer menner
except that the polar diagram is rotated so that the axis morked d/7

i3 varallel to the direciion of Ta‘ I the wvalues of Ty and k in the
problen bein~ considered do not correspond to the values given for the
volar diagran, the magnetic anomalics 4 Zond 4/] are obtained by
nroportlonally reducing or increasing the computed values. The sezle
which is used in drawins the cross vsection is irmnberial as long as the
horizontal and wveritical seales arc equal. It is only necessary Lo select
a scale such that the imporidant nart of the essumed geolosic feature will
be covered by the polar diapran,

The dependence of the anrle of dip of Ty on the direction of strike
of the geologic feature can be compuied by assuningy values for I, D, a.nd
E and then allow E to chanpe by a preseribed amount. Thus, if I = (09,
D= £ 159, and E = 659, then from the formule,

Ty £ = 7‘4/7[/5’//7 (e<20)

we have
Tar 65° = Law 60° /S (o #15°)
or
2. /44 = [733 / Sy (xr#457)
therefore

S (X #/5°) = /733 /2,047

X A I = 5//7~/.948
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HAUFTC = FH4°
X = ZF°

. — - o 3
How if we chance & to OO0 then

Tow 80° = Faw &0°/Sm(x7452)

S/ ( o 7 A5 ) = /

X A ASC = Fp°

o = 25°
These calculations chow that a 59 chanese in the angle of dip of Tg cor=
responds o & 369 chanse in the strike of the disturbine body. lNow, if
the above volues of o< are used and the value of T is taken to be 0.5
mauss and k taken o be equal to 2000 x 106 ez, then we can comoute
the chanpe in the magnitude of T, from the formilas

7 = 7/5&5’] S’ (0(1‘0)7*5//72,2'

Thus, when o< = 39°

T =5 ) Cos? 66° 57 (B39°A5) FSm? 60°

T =5 ) 25 o5 +.75
T =SV Jizs rzs =.5V7%

L TS5 s T 78
Then o< = 750

TG =5 Y Cosrio" Sy 225 YusC) F SR el
% = 5 )25 Az

o = .5 )00

7 = .50

I

Conse-uently, o chonge of 360 in the strike of the disturbing body core

responds t0 o o022 chanee in the marmitude of T,e Obviously, the changes



in the strikeo of the hody mund the magnitude of T, would not be the same if
different values for T, I, D, and E hos been cssumed. However, the come
nubations ~ive & reneral idea of sensitivlty of the dip and marmitude of
'i‘a on the strike of the assumed reoclozic feature..

Pirson's noler diarrans are apnlicable to all mammetic anemolies of
the twoedinensional type. They are applicable to anamalics of resional
size as well as beins a pliecable te anomalies of local sizes It 15 neces—
sary that the disturbin- body be much longer nlon its strilke than it is
wide in o direetion permendiculor to its strike, in order to permit the
two=dimensional analysis. If the disturbing body cannol be considered
%0 be two-dimensional, then it is necessary to use a three-dimensional
analysis. For this purpose, Pirson has constructed polar diagram~ and
depth chorts for the debterninotion of vertical anomelie~ [ue to threce
Admensional hodies (11, ngze. 180=-185). It is not neeessary to repeat
the formulas and diasrsms here o8 they will not be used in the intere
oretations that followe The horizontal anomnly in the tliree~dimensional
case is not msually computed excent as a check on the computed vertical
anomaly. Thus, in ~enersl, 1t is necessary teo have only the polar
charts for the computation of the vertical anomly.

Pirsonts poler dingeans precent g neans of obtaining a graphical
solution ¢ any anomaly arisin~ from any concelvable shape of the
disturbing ... ", The accuracy of the reasulits could be expected He be

very cood as lons as the asounstion of uniforn mepmetization holds recsone
ably well, MNoreover, in the case of dikes, plugs, and 8ills it is importe

ant to knou the direction of any »eranent marmetization nresent in



relntion to the direction of the induced mammetization and the relative
marnitudes of the two forces, |

Jenny (5) deseribed in 1938 2 method of interpretation of marmetic
data throurh the use of anomalous vecbors. He stressed the importance
of the horizontzl vector in interp-otation of regional anomnlies over
and adove the use of the vortical veetor. By plotting the vector trie
angles at the various stations the trend of the anomalous body can be
éetermiﬁed as well as the approximnte depth. His main interest was in
reglonal anomalies where the actual shape of the disturbin: hody was
not too critical, The use of magmebic vectors is very simple and
adecuate for many interpretive problems, but they are not sufficient to
show the details of the actual shape of the disturbing body,

In 1945, Kogbetliantz (6) published a precise mathematical method
for the quantitative interpretation of mognetic maps, HMost of the final
results of the procedure may be obtained from plotted curves and area dee
torminations by a planimeter, so the met od moy be classified as graphical
in part. The interpretation procedure is based on averazing and moment
functions of the anomaly and disturbin-~ bDody involved., The applications
of the functions used in the interpretation necessitates their computation,
and also the determination of moments with the aid of a planimetor from
awdliory curves derived from the observed anomaly curves. The functions
may be tabulated to reduce the calculations in the individusl case but
the results ~ive only the coordinates of the center of the disturbing
body. The calculations involved seen to he much too long and time cone

guming to heve the results so restricted, The same restriction applies



here as it doeg in any other methemntical procedures The ahone mnst be

approximeted by a second arder gecmeiric forme Finally, ithe procedure

is far too involved methematically to have widespread applicatiorn,.
Camperison of the Described Graphlieal Methods

The graphical methods which heve been discussed may be placed
in’g& two classess

l. The graphical methods vhich are restricted to second order
Tarims,

2s The graphical methods vhich are applieahlo %o all shapea,

The firat class inciundes the inferprotative procedizes sugpested
by lee, Jemny, aad Hosbetlianise 3Iach of these mothods will detarmine
only the top or center of the disturbing hody - not ita actual shape.

The methods sugreated by Happe, Bahnamenn, and Pirson bolong to
the second class. Happe's method was Incorrect end further required that
the cross sectlion be made in the plane of the mamesic meridisn, Bahnemerm'fs
method is very tedious and will only allow an approximate determination of
the shape. Plrson's method is the most simple and strairhtforvard in ap-
plication of all the methods described. It hss the most general applicotion
%o all uagnetic probloms; and finally, it gives the best appraximation to
the actusl shape of the disturbing body, ior these roasons, Pirson's
method was chosen in attempiing to obtain a ymatoh between the cboerved
end calculsted curves zscross the Los Anpeles Basine
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Zeolo~de p of Los Ain~eles Dosin showin- the line of
mrofile 2lonz which the mravitationel and magmetic
measurcnents were rade afber Uhris and Schafer (13).
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Top - Orevity Drofile across the Les inreles Basin after
Petercon (105. Circles ropresent the actual observed
volues corrocted for cleovation and topography, ond the
solid ;o represents the theoretical curve caluclated
from the hy othetical structurs scction.

Bottom « Hypothetical Struecture section across the Los
inpeles Baszin and San Gabriel lountodns after Peterson
(10). Agserbled from ~eologic data and results of
reflection seismoraph and gravity surveys.
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e - o - PR YE T o BTm r : -t s
JLOIE O e DO - L profiles ceorose the Los nmeles Tosin

reig and Dolnfer {(13)e The colenl-ted
. horlzontal cuwrves are based on the
1 sonfi~uration shoun on the sltered
hypothetical cross scetion,

Dobbom ~ Alberced hypothoticel structure section across
the Los inpeles Dasin, The slterctionn ore based
on the nost recent seolosic dota zssermbled fronm
well logs, reflection seismorsraph and sravity
STV . -
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A FParticular Froblem

Provious YWork on the Los Angeles ZBasin

Uhric and Schafer (13) measu~ed mametic »rofiles across the Los
Anpeles Basin in 1936, The profiles consisted of a vertical profile
and g horizontal profile reasured along the heavy line showm on the
index map (Fige 4)e The profiles oxtend fram the Palos Verde Hills,
near San Pedro, northeestuward across the Los Angeles oll field and
the Puente Hills to the mouth of San Gobriel Canyon in the Sau Gabriel
lountains=~ivine a total di:L 0 7 apvrozimately 45 niles. After the
nrofiles were obtained Uhrig and schafer attemnted to Interpret the
anomalies with respeet to a geologic cross section across the Dasin,
as presented earlier by Peterson (10) in his interpretation of the gravity
orofile across the same basin., The ¢ross soctlion was based on 2ll the
zeoloric,seiomic,and ~sravity information available at the time the
rravity interpretation was made, This cross seetion is showm in Fin. &
with the gravitational curves as measwred by Peterson.

The theoretical mametic profiles a3 calculated by Uhris and Schafer
(Fize 6) are based on the mathematical process of transforming o knowm
field abouit g known body Into a conficuration vwhich approximates the
cross section of the Los Anpeles Basin, Obviously, such a method is
restricted to the use of second order reometric forms such as the circle
or the ellipse, and it is not sensitive to any irresulerities in the

cross sechion,
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The resulis cbtained by Ulrig and Schafer (Fig. 6) show in general a
rather poor agreement between the obseréad and ealmlated anamly curves.
The transformation method is so Mnsitive to changes in the cross section
that even a large alteration in 1t would not materially improve the agree-
ment between the owrves, Uhrig and Schafer suggest that the total lack
of agreement in the vicinity of the Palos Verde Hills is due to inso-
curacies in the cross section., This suggestion i3 not substantiated by
nors recent data. The Palos Verdes part of the croas section is proven
in 8 measure by well data and the only change which ocan logically be
made 1s to azaums & basic intrusion in the vieinity inatead of the quarts
diorite intrusion which is shown and which is present in the rest of the
basin,

There is camplete agresment between the selsmic data on the Palos

Verds Hills area ag presented by Gutenberg, and Buwalda (2) and the
gravity data measured by Peterson., Horeover, there is complete agreement
between the observed and caloulated gravity curves in this region (Fig. 5).
Cemsequently, any change in the cross section which permits betier agree-
ment between the observed and celeulated magnetic curves mist et the same
time lesve the seismic and gravity profiles unchanged. The only part of
the cross section which does not show complete agreemen: between the
cbserved and caleulated gravity curves in Fig. 5 is in the vicinity of
the Whittier foult. It is in this vieinity that the seismic data suggest
that the top of the quartz diorite, the deep reflection harlzom, could be
as much as 3% km, below the surfece instead of the 1 lm. shown on the cross
section (Fig. 5).



Dr. J. Duwalda® stated recently that the seismic data indicate that
the displacement in the basement on ths Norwalk fault should be several
thousand feat greator than on the Inglewcod fault. Furthermare, the
displacement in the basement on the Norwalk fanlt is much greater than
it is in the overlying sediments,.

The final cross section which 1s altered to incorpoarste the ghonges
suggested above 13 shown in Fig. 6 with the magnetic curves obtained by
Uhrig and Schafer, |

"The mgnitude of the magnetic anomaly is determined by the magnetie
susceptibilicy of the various formations and rocks in the gedlogic seetion
chosen, On account of this faxt, it is necessary 1o consider the magnotic
susoeptibility of each forration shown in Pigs. 5 or 6. There iz no evid-
ence that any of the Miooene and younger formations contain any appreciable
magnetizable metorisle It is true that they are intruded by ipmeous
material and contain volcanic material, but most of this material, with
the exception of an ocecasiocnul hassli, would bt considered non-magnetizable.

Ulrig and Schafar assumed the magnetlc susoceptibility k & g for the
thick section of Franciscan schist, yet there iz considerable evidence
for assuming a rather high magnetic susceptlbility for ite Obviously such
an assumption wonld greatly alter the ealoulsted magnetic profiles. Reed
(12) has described the Franciscan in detail and the interesting parts of
his descriptions pertaining to the susceptibility of the compoment parts
of the Franciscen are summarized belows ‘

1. The Franciscan cnglomerate oconsists of a sandstone metrix snd
pebbles and boulders of black chert, granite, quartzite, and parphyritic

* Porsonal commmication,
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igneous rocks of different kinds including perddotites altered to serpen~—
tine and disbose,

2, The Franciscan sandstone conboins mgnotite in an unknown pere
centage.

3. The Franciscan shale contains no mapmetizable material,

4e The Franciscan igneous rocks include interstratified and intrusive
lavas of the basic iype, Basalilc rocks osccur as intrusives especially in
the lower Franciscan sandstome, and as Interstratified sheete of lava,
Beaides basalts and diabases, there are other rocks, generally serpente
inized, which were originelly peridotite, pyroxenite, and gabbro,

5« The Franciscan metamorphic rocks consist of quarts schist;
prasinite, blue schist, talc rocks, and serpentine rosks. The prasinites
are quartz free and high in albite, and 1lke the blue schists and serpentine
rocks, they may have been derived from basic immeous rocks,

Reed (12, p, 78) statos that there wes a great amownt of ignoous
intrusion without mich uplift and infers that a relatively large amount
of the franciscan mi-ht be basic igneous rocks or derived from basie
igneous material, Comsequently, it seems entirely possible that parts of
the Franciscan might have a k equal to more than three times the k of the
underlying quartz diorite, It is doubtful that the entire Franciscan can
be considered as having as high a k as suggested but when considered as a
whole, 1t might have a susceptibility of around twice the k of the quarts
diorite. The Franelscen in the center of the Basin presents two problems
whose solutions may be no more than gusssed., The cross sections indicate
that the Franciscan schist attains a meximm thickneas of about 15,000



feet in the center of the basin, It 43 entirely possible that not

more than half of this thickness is Franciscan and the other half might
be Cretaceous. Cretaceous rocks have a considerable thickmess in the
Santa ‘na Mountains to the East, but are entirely absent on the West
side of the basin. Presumably they die out to the West and may be
present in considerable thickness in the center of the basin, There is
no reason to believe that the Gretaeaoua beds, if present, contain any
appreciable mgnetizeble material, Furthermore, there is no basis except
inference for assuming that the Franciscan in the center of the Basin is
intruded with eonsiderable basic material, It is lmown to be intruded
with basic material in the uplifted Palos Verdes area but it is not
known that the intrusions carry out into the center of the Basin,

Uhrig and Schafer assumed a J equal to 900 x 1070 ogs units for the
bagsement on the besis that it was probably granite, However, the basement
in the Sen Gebrial lMountains ﬁhmtobeqmrtzdioriﬁaandﬁnrsfm
probably has a mich higher k then Uhrig and Schafer essumed. In the
final analysis, as we sholl see later, the actual value of k is not critieal
as long as it i3 in the range of aredibility., The relative valuer of k are
mare impartent, far the shape of he caleulated curve is mare critical
than its magnitude,

Application of the TwowDimensiomal Polar
Diagram to the Los Angeles Basin
The ratio of the length of the lLos Angeles Basin to its width is
two to one, This ratio will introduce some error if we apply the two=
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dimensionel polar diagram in the analysis of the magnetic ancmaly across
the basin, but the amount of ercor so introduced will be relatively small,
leas ‘bhc.n( 10 per cent (8)%, |

The polar dlagram was applied first to the original cross section
(Fig. 5) as drawn by Peterson aud used by Umrig and chafer. The k for
the Franciscan scnists was assumed to be zoro, 63 did Uhrig and Schafer,
and the value of k far the quartz diopite and t};s deepest cryatallines
was assumed to he 2000 x :!.0‘6 CeleBes unita, The caleulated curves Lhus
obtained ave compared to the observed curves in Fig, 7, If the apgreement
between this set of curves is compered to the agresment cbtained by Uhrig
and Tchefer, see Figs 6, it will be noticed that the use of the polar
diagram improves the agreement considersbly. It is true that some of the
peaks in the polar d(lagram curves dspert widely from the cbserved curves,
but an improvement in the general shape of the curves is unmistakmble.

In order to improve the agreement betwesen the observed and calculated
curves further, the value of k for the Franciscan was changed from gzero,
0 4000 x 100 o,g.s. units, and the k for the quarts diorite was left
at 2000 x 10"6 CefeBe units. Ongplying the polar diapram, the ourves
shown in Fig. 8 were obtained., Now the fit between the calculated and
obgerved cwrves has been greatly improved, exoept in the vicinity of the
Palos Verds Hills and in the vicinity of the Whittier fault,

Néxt the polar diagram wes applied to the cross section (Fig. 6) which
has been altered to coincide with the latest seismic data on the baain
aa described earlier. The m«» of k for the Franciscan was nasumed
to be 4000 x 1070 c.g.s. units and the k of the quartz diorite and deeper

* TNettleton's calculations refer to gravity anomalies, but due to the fact
that both the gravity and the magnetic forces cbey similar laws, the
results are applicable toour case,



..r) O (\

kY

-0 N 19 20 miles 20 .

—— Ohaerved Verticsl — —{glcul: ted Verticel
=====0herrved iiorizontsl cevveCriculeted btorizontsl

Fir, Q Gas-rriacn of he oncacrved srd ¢ leul- ted m:enetic profiles
crrreas Fi'm Log Anveles - 2in. Tie ¢:leculested curves vere
A tednnd op-rhiec-11v v nigsineg Firson'e two-dimension:l nol:r
&1 speam. Vifor schist) = 40.0 X 10=tc.<w.s8,, #nd k(for the
ervst-11dire rocks) w 2000 X 107 %¢.r.8. Colenl - ted curves
ere 1l e 4eY el b oo froetor of 1,75,

4
AN
R¥ale!
400
- "I OO
L ONN
-1 00
- ) n 10 “0Omiles 30 -

A i i I

—— 0Oheerryed Vertic 1 — —Celecvleted Verticel
————— Oheerved rorizont:l cteieeeeoGplcoulated Horizont:el

Fie, 10 Comrertann of the o .grrved and c-lculsted mrenetic vprofiles
reracs the Los Anreles Sesin, T e celenl: ted curves were
A tained rrenhiics]11ly v veine Firsen's two-dimensionsl pol-r
at. gmem. kifor the schist) = 400" X 10=%c.~.s., k(for the
nrmer epvats-1iine rocks) = 2000 X 10'6c.a.9., and k(for the
Tawer crvetalline rocke) = 2000 X 10=6¢c,r.s, Calculrted
enrvea cpe wrltirtied bhv a factor of 1.°F,



22

crystallines was assumed %o be 2000 = 10"6 cgs units, The curves obtalned
(Fige 9) show almost a nerfect agreenent with the observed curves, excent
in the vicinity of the Palos Verdes fills,

Pinally the k of the deeper crystallines was changed to 4000 x 1@"6
cos unibs and the other velues of k were meindained in order to deternine
the dependence of the f£it between the observed and caleulated curves on
the purely hynpothetical deecper crystalline horizon. The curves obtained
(Fiz. 10) by a»plyin- the polar diasran show almost no change from the
previous set of curves, Thus it may be concluded that the lower crystale
line boundary shoum in the cross section does not influence noticeably
the mametic data.

The loack of arsreenent betuween the observed and the calculated curves
in the vieinity of +the Palos Verdes Hills can hest he explained by ace
counting for the pr.esence of the bagic imeous rocks and their derivatives
in this area. The Palos Verdes fills renresent the only plifted arez in
the immediate vicinity of the rrofile aside from the San Gabrisl ountsins.
The early uplift occurred in post=lranciscon and oree-fiocene 4ime, The
ahbgence of Cretaceous sediments in this area might well mean that the
original uplift occurred in pre-Cretaceous times. T‘mr:ln this carly
uplift, the Franciscan sediments were extensively intruded with basalts,
peridotites, pyroxenlii:: and other hasic imecous rocks. These intrusions
nositively suggest a basic inbtrusive mass at some depth, which iz probably
older than the quartz diorite intrusive underlying the rest of the basin,
The presence of the sarw basie types of rocls of the same age on the

Catalina Islonds males s large basic intrusion in this resion zll the



more probable. Such a basic intrusion would have high memetis sucept-
ibility and would act as a negative magnetic mass on any magnetie profile
measured Eastward from it., Consequently, both the horizontal and vertical
magnotometer readings would be reduced immediately East of the Palos Verdes
Hills and therehy account for the lows present in the observed curves.

The application of the two~dimensiomal polar disgram to the magnetie
profile acrosas the Los Angeles Becin has greatly improved the agreement
between obgerved and caleulated anamly curves primarily becsuse it is
more susceptible to irregularitiss in the pgeologic croes section than
18 the method used by Uhrig and Schafer. Since the polar diagram is more
susceptible to irregularities, it is more suitable to detect the irregularities
or unsuspected fostures of the geologie cross section, The natural elimin-
ation by such a process clearly leads to a more nearly exact and wnique
solution of the magnetic problem, The use of the polar charts materially
speeds up the calenlations sc that & very good £t between the observed
and calculated curves is cbtained in & minimm time,

Thore are & nmumber of graphicel mothods which are avplicabls to the
type of magnetic disturbing body usually found in nature, that is, the
irregularly shaped body which cannot be very well approximated bty a
second order geometric form. It is reeognized that all graphical
methods are approximate and that most of them depend on the assumption
of uniform magnetization. In general, however, the approximations
obtained by graphieal solutions sre far better than the approximations
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ohbtained hy mumerical formulas. The nolar dinrrem method surmested Ly
Piraon in onc of the most siraisht forimrd and quickest of the oraph-
ical nethods %Ho ngses It iz amlisohls 49 nost mamsiic nroblems where
the divection of the induced magnetization 15 porallel %2 the direchion
of the remnent mpmetizations The exeoptions to the ceolncidence of she
two mametizing forces are snectacular hut relatively few in nmumber,
Some of the outstanding examples are the Xiimumavasra ares,Sweden, the
Kursk area, Russia, and the Pelandsbersg Region, South Africa,

The two-dimensionel polar diagran is sufficient in the analysis of
the majority of mugnetic vroblems, The application of the tzgo-dimensional
polar diagram %o tho magnetic profile across the Los Angeles Dasin shows
that it is satisfactory vhen the ratic of the length to the width of the
disturbing ody is ac low as two to one. The nolar dizgran must be ape
»plied to the hypothetiezl reologic cross section dravm at risht an~les
%o tho strike of the disturbin~ bodye. The meoloric cross section must
he based on all the peologic,elsclrical, seisaic, or sravitational data
available, so that the approximation to the actual cross sectlon may be
as close as possible, In the process of interpretation, this profile
may be altered in steps unbil the desired agreement is obtained hetween
the obscrved and the caleculated anomely curves, The solution of the
nagmetic problem thu. c“tained may be remrded os being a2 wmique solution

in the majority of coses, dependins in a large degree on the amount of

control available in drawin~ the first hypothetical cross section.
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