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INTRODICTION

As = partial fulfillment of the requirements in obtain-
ing o degree of Master of Science in (eological Sciences at
the Californias Institute of Technclopy, the writer wus given
the task of writing a thesis on the following subject: "lag-
netie Survej and interpretsition of the results over the San
Gahrisl wash."

The ares is between lonrovia and Azuss, itwo miles west
of Azuss, 1L is accessible by several roads branching from
.the Focthill Boulevard (Y.S. Highway £8) running cast and
west, puassing through Monrovis and Azusa. One of them is the
Laz Lomas Hoad going north along the west bank; the other one
is an o0iled road going to the Cjanide Jompany plant and con-
tinuing #s a dirt road along the esst bank. The upper part
of the wash end the c¢anyon itself can be resched by the
Steote Highway 39 rumning northward "rom Azusa. From this
road several dirt rosds brench cut.

The wash 1s too large to riake a detalled survey in a
shert tire. Thus, . the work done 1s more or less a reconnais-
sance survey. It is surrounded by farms, the Cysnide lompany
rlent, private yroperties and impenctreble Jjungle-lilie areas,
so thset 1% hss not been posgible to take readings anyvheore.
Arother dissdvantage 1s that the running water 1s controlled
by the dam, snd sometires 1t cunnot ve ¢rossed, due te abune
dence ard spead of weter. Big granite bDoulders covering the
whele wash constitute still another disadvantage, making tri-

pod settings very difficult.



e work was oarrled on under the directions of Dr. 3.%.
Fotapanks, Acsooclinte Profeszsor of Physies, whose assistance

is gratefully acknowledged by the writer,
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THE INSTRUMENTS

The Magnetometer: 1t is a verilesl field magnetometer,

sometimes called "field balance,” designed by 4. Sclmidt and
menufactured by the Askanls Werke in Berlin. It is an uncom-
pensated old type. The full description of it is given in
"Ceophysical Prospecting for 0il" by Hettleton, on pages 178-
179, and in "Exploration Geophysics” by Jakosky, on pages 92-
98. In short, it consists of a balance made of two elliptice
al permanent magnets. The mass distribution of the balance
system 1s so arranged that the gravity force holds the force
exerted only by the vertical component of the magnetic field.
For this, the axis of rotation of the balsnce rust be hori-
zontal and in the magnetic meridisn, so that the horizontal
component of the magnetic fleld has no torque on the balance.
Sme11 deviastions of the moving system from the horizontal
are directly proportional to the vertical intensitv, This
can be seen from the calibration curve. An opticsl arrange-
ment 13 used to measure this deflectione

A special tripod is used to hold the magnetometer. The
gradusted roftating head has three levelling screws and a
"tull's-eye" level to accomplish the first rough levelling.
" An extension tube iz fastened t¢ the under side of the head
to attach a2uxiliary magnets at any desired cistance from the
bnlance.

‘A compass is fitted into the tripod head for determina-
tion of the magnetic meridian.

The magnetometer and the accessories, consisting of the
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compass, auxillary magnets and sdjusting tools, are carried
in a wooden box, and the tripou 1in a canvas case.
As the balance 1s of the uncompenssated type, a thermom-

eter 13 attached in the insuiating cuase.

Field Onersation: The field operation was carried on in a

similar manner as described by Nettleton on page 184, excopt
the orientation, as the turntable has a stop-ring so adiust-
ed that the turntavle msay be turned exactly 180 degrees with-
out reading the scale. The following is a short deseription
of the Tield operation:

1 - The tripod is set firmly and the turntabdle is level-
led roughly by mesns of the "bull's-eye level.

Z ~ The compass is sSet on the tripod head, the hesd ori-
ented until the west o the compass scule is magnetic norih.
As the direction of the north of the compass scale will coine-
cide with the north of the magnetic sxis of the mwsgnetic bai—

-

ance, this position puts the axis of rotation of the Daliunce
into the magnetic meridisn, the north pole toward the east.

3 « The compass 1is removed, and the instrument is set
upon tre tripod and carefully levelled.

4- The ciamp hanging the bsalance is released, let down
on the knife-edge bearing, and a reading is taken in this east
direction. A number ¢f readings must be taken until s con-
sistent valﬁe is evident. It is better to claup snd reicase
the balance for each reading rather thun record & few values
while the scale 1s drif{ting. Usualiy it was clamped three or

four times, and Tive readings were taken for esach direction,



5 - The balance 1s clamped. The iInstrument is rotated
180 degrees, by means of the stop-ring, and the readings re-
peated.

6 ~ Time and temperature are recorded.

7 -« The balance 18 clamped; the instrument 1is returned
to its case.

The reason why so0 many readings were taken at each sts-
tion is that the knife-edge bearings were suspected to be
chipped. It 1s explained later, in connection with the con-
duct of the survey.

Taking readings 1n the east and west direction elimi-
nates the effect of the deviation between the true and the

determined magnetic meridians.

Temperature Effects: It is known that temperature

changes produce probably the lafgnst error in magnetometer
readings, among the physical faclors. The temperature eflect
is due to (1) changes 1n magnetic moment, decreasing moment
with increasing temperature, (2) differential expansion of
the component parts of the moving system, and (%) elastic
lag of the éomponent‘parts. In the later instruments these
effects are compensated by suitable mass adjustments. As
this arrangement is afrected by the gravitationsl force, the
compensation would be for a locality, end should be re-
arranged for another locality.

The instrument used in this survey 1s an old type, and
is not compenssted. Therefore, a calibration curve should
have been plotted to compensate the temperéture effects,

showing the correction for various temperature changes.
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This curve 1s obtained by plotting the temperature correction
in gammas against the temperature changes in centigrsades.

The writer was provi.ded with a ply-wood chamber, large enough
to enclose the magnetometer set up on the tripod, when the
legs are at the shortest position. Hesting coils, a rheostat
and a thermometer constitute the necessary equipment. The
magnetometer scale 1s read through a glass-covered hole on
the top of the chamber., Although the insulation could bte
taken off to sttain the constant temperature, this experiment
would take st least & day's work. The experiment was not
done due to the following reasons:

1 - The diurnal variations would be much larger than
the thermal varlstlons, so that a second magnetometer was
needed to record the diurnal veristions at s constant temper-
ature, while the other one is undergoing the temperature
changes. As only one magnetometer was available, this could
not be done. However, this task could be accomplished by a
Single magnetometer if a cooling fan is used, but the re-
sults would not be accurate as this kind of cooling would be
superficial, and the moving system could not keep up with
sudden temperature changes.

2 - Due to the climatic conditions of California, the
temperature varied between 23 and 28 centigrade during the
course of the surveye. If 25 centigrade 1s taken as the base
temperature, the temperature correction is insignificantly
sSmall, and the calibration trouble is not justified, since
this correction 1is smaller than the accuracy obtained by

similar instruments. If an auxiliary magnet is used, this



might not be true. Change in magnetic moment of the magnet
and change in length of the magnet support would be large e-
nough Tor even a few centigrades to affect the accuracy. The
scale of the instrument huappened to be in view, and the anom-
alies were small enough, so that no auxiliary magnet was used.
In the example of the.caiculations, the most common tempera-
ture coefiicient was taken. It 1s ~0.8 gaummas per degree
centigrade. It 13 seen, from the example, that this correc-
tion is between -2.4 and -2.4 gammas, whereas the diurnal cor=-

rection 1s between -26.,0 and -12.8 gammas,

Calibrstion of the Magnetometer: This csn be accomplished

elther by using suxiliary masgnets of known magnetic moment or
by producing a‘known electromagnetic field in a2 pair of
Helmholtz colls. The latter method gives more preclse and
satisfactory results, as auxlllarv magnets lose their strength
with time and must be recalibrated once in a while.
A Helmholtz coil, whose name platg is as follows, was
usede.
Heliland Research Corporation
Type M 101  Serial No. 122
Dren C B chkd L V C
Date 11-29«43
Made for Calif. Tech.
Drwg No. 4 - 1442
It consists of two identical coaxial coils of equal ra-
dius placed at a distance apart approximately equal to the ra-
dius, their axis being vertical for a verticzl magnetometer.

The colils are so mounted that they can be set over the instru-
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ment in such a way that the center of the moving system coln-
cides with the center of the space between the coils, so’ that
the produced vertical electromagnetic field is substantisaslly
constant and uniforﬁ around the moving system. An auxiliary
box contains all the equipment necessary, a bsttery, milliam-
meter, rheostat, und reversing switch.

The procedure 1s as follows: A certain amount of current
is given, and east and west readings are tsken, as explained
under "Field Operation.” The switch 1s reversed, and again
east and west readings are tsken. The difference between the
averages of both current directions is the deflection for dou-

ble fileld. The scale value is calculsted from the formula

Y= 2K1
D
where Y = Scale value {intensity in gammas per scale division)
D = veflection ror double field (current reversed)
Is= Current in milliamperes
K = Coll constant = 26.2 (given by the manufacturer)

The data, calculations, results, and the deflection
curve are shown on the following pages. From the cufve for
I = 10 ma. the double deflection is found to be 11.9 divisions.
This value gives = 44,0 gammas per division.

The axis of the coil base does not coincide with that of
the tripod, so that the magnetometer could not function re-
versibly. Levelling was necessary for both esast and west po-
sitions. The coil itself moves on the support, causing varia-

tions in reading. The apparatus i1s somewhat rough.
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CONDUCT OF THE SURVEY

First, a preliminary survey was run 1ln order to have a
rough idea about the anomalies. It was found that no auxil-
iary magnet would be needed, and large drifts were observed.
Considering these facts, it was thought that very sccurate
readings taken st large intervals, such as 100 feet, would
show the anomalies more accurately than falrly accurste read-
ings taken at short intervals. Thus, it was decided to tuke
eight readings on each station, four east and four west resad-
ings; the stution intervais being 80 to 150 feet, usually 100
Teet,

As no detailled topographlical map wés avallable, the sta-
tion locations had to be accomplished by pacing., Thus, it
was necessary to confine the survey to proflles across the
wash, as the stations could not be tied up to draw the 1so-
gams. Each profile has a base‘station, end 1s independent.
Establishment of é primary base, and tying up the local baéesv
to thls one, was not necesssary or convenient.

One diurnal variastion curve was obtained for esch pro-
file, as each profile took a day's full work. For this, the
magnetometer was returned to the local base at one to two-
hour intervals, the reference time being 1 PM. The diurnal
variation curve of the profile 6 is given as an example.

As the surveyed area was small enough, normal corrections
related to latitude and longitude were not necessary.

The map shows the profiles and the topography.
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The field procedure of the magnometer has been discussed

in connection with the instruments.

— 7 3



/ A

14 —



'
¥

i3

|

Calculations of ]}he Profile ©

e i K Resdings East |Wesh il Termpera Daily w
Station Loeation Time |Témper. ,Ez:wk:.».. 7 swe i Aver | Aver. AV"'TQ?‘ i?{%};«, S?E%:_:_;;: g:::,::;?onn sz7u:ed
z = - e - SVeT | [BECE L — ) s g s B
65 joo FE. 545 E of 64 (I 0T 57 o8 5o By 1 l1s 2o 7375 g9 v S./g‘\ ;33 B.5 o A 39785
- ' - — U T . : =
€6 |100ft S45E of €5 {z;00 | 26 B1-g8 &% 7.2 7.2 7.8 B 7.4 798 | 3485 —a 8 -+ 5. 353.9
' - — —a—t - e
67 oo ft. 12245 | 26 &5 g v &y 18 | 8.7 s ¥ B85  3go.§ 0.8 +6.6 JES
68 100 #t i sz o 72 48 %o 8.8 7§ 1.7 d ;Y 7 s;?:;om 7?}_ :H'/-‘;_Vh - 0_8— ‘ "‘;—7 3;’-%-3
69 loo }:l: {2 i3e | 2& 2% 9.2 73 o 23 s ‘?a 79 S.S"ip’ | 3—"60 ~0.B 794 375 6 7
7707 i sn ;Hu' E‘H‘?I‘{f 12 43ﬁ 2? *13 6 Yy Lse ¥ o 9.4 flw ‘7'.01:5' ' E‘_-B—.‘.;B.‘.O G *;2 -‘2_ 3_9?’6 | Two,_féd,- water pipe between &9 & 70
6’47 I oo &7 23 9.0 7.2 fiaﬁ e ne' kb 88| Fude g.60 %Sﬁ-—“‘ ?30'0 ] © 388.§f
64 2135 28 98 4.8 78 87|99/ 83 9./ 9.25 | B 80 ?.a% T‘ 3.2¢.0 = R4 - 6.6 387.¢
2] looﬂ:,leﬁ'\é\} of 64 2:;; : ;;,8 2.0 el 8 | /1- 2 f;.ﬂ"'f.,’ 1O. 3 g /a o /o.té‘ ”—4-.95.3' i = 4384
i loo o4 300 ; 28 9.3 ’c_ 83 ¥ |87 dz 87 B.5 &.7 3 75,; =2 . "‘575-‘ 370-8 7
73 | oo , Fi05 28 o fs puk ;:—._7—3'“5:- Fo| B2 g —-352 - W — 2 & — 3.3 ‘ 345.7 _j
”774 7 joo Tﬁ}s: ;;:_ 28 m*n 23 %3 6.9 75 ) é.z y 7B | 34/-0‘ -2 .4 - 2.6 336 p
75 o 5730 | 25 hevnses | eriah 0t eRE G Wss | -2 | o8 | 2.0
76 W~IVN0N°_V it S e £3 6.0 f.a.m 5.7 ¥ 54 (.;:» PR 575 W‘;;; « - ‘5':_ __:’ - _*;.7’3,3 76 do 81 are on the grave/ weash.
: S 2 s B “AlLe.. T - e e R W sl KNP -
64 3:50 | 2B |9y 26 98 o 73 6o 87| 7.3 | 7 30 8.8§ : 3395 -2 7o 387§
T |oo : 408 %8 42 ,‘,; ¥7 So|%7 3.8 83 747,6 73.7 4.2} i ; 57,_0 | e i o /8.6
78 oo 4 '!o; M2A7‘ «,:., s 44 .wﬂv,s 7 51 | 48 'tf:- 13;;~—~ » Gr A —)7 BT
79 IOOI 430 “_-2.6 &7 6-7 Tt 6.5 b4 fa .5 |
80 aob : 74 :40—'—“# By £/ %3 7o &3 73 3.0
g1 joo i MA{ iHa — Rk ,2;;“ 12/ :;.x n/ O A l2 .5"‘
82 IOIOL 7 75: oo 26 | isio sy " 155 véb /62 f:;:;"_ f:‘:ﬁ':?, L “’;31 v B s
83 24§:tv57o’w of 82, 508 R6 |93 wo sy |ise 183 jE '
e ey g | i e = =
64 5:25 RC o7 97 1.2 :.;r gy &y 96| 7.65




o bR TR S A e w R TR T

‘W“,.H.lt..i = S TESLTES

e S [

e e L e e e e S o e

1 U IET JETELRfE SAF

e

TESErE iy EErakE T2

ITET A

SN

EEcmipTosssEm s



THE RESULTS
and

THE CONCLUSIONS

Readings taken at a station vary a grest deal; such es
5.4, 8, 7«3, 8.9 divisions for cast and 4.2, 7, 7.2 divisions
for west. However, there are readings which do not show
large variations, and the east resdings do not deviste so
much from the west readings; such as §..7, 8.3, 8.7 east and
Be7, 8.7, Ba.7 west.

If the instrument alone was responsible for these irreg-
ularities, there would dlways be a gresat dispersion of resad-
ings, like the first exswmple. It scems that the quartz
knife-edge 1is slightly chipped, or the quartz cylindrical
surfaces are scratched, but the main cause of the drift 1s
probably the amplification of frequent magnetic storms, by
tin can dumps, steel fences which hold the gravel ridees on
both sides of the wash, sand power lines.

The cross section profiles show that the vertical compo-
nent of the magnetic intensity decreases as one goes up stream.

The uaversge (regional) values of the profiles are as follows:

Profile No. Regional Value
1 700 gammas
o 800 "
% 550 ¢
4 400 "
5 250 "
6 300 "

An up-stream profile was made between the sections 4 and
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5, and a decrease of 180 gammas was observed within 1,000
feet, the gradient being 0.18 gammas per foot (see the up-
stream profile curve).

A8 we go up S8tream, the thickness of the elluvium and
gravel becomes less #nd less, and the bedrock comes closer to
the surface., If 1t was not for the accumulsated heavy msgne-
tite sand, we should expect higher magnetic intensity values
es we go up stream. The section 2 seems to be the highest
one., This is where the Cysnide Company plant is located.

A maximum magnetite sand concentration zone is to be ex-
pected along any wash. 1In the further up-stream part water
speed is too much to allow fine particles to settle, and the
time during which concentration has been going on is shorter.

The curves themselves have little significance. They
show too much variation.Probably this is due mostly to artl-
ficiasl factors. The area contains & large number of dumping
places, fences, near by rail and power lines, etc.

It was impossible to draw 1sogams, since a detailed top-
ographical map was not available, and it would not be accu-
rate to correlate stations fixed by pacing. A detalled
transit survey of the area would require too ruch time.

The profile 6, whose calculations are glven as an exam-
ple, must be paild more sttention.

Profile 6: It seems that the river shifted its channel
toward the northwest bank, and the srea which is covered by
gravels is younger tham the soil-covered part, so that the riv-
er channel and the gravel wash have less magnetite sand concen-

tration, therefore show a magnetic low. The average value over

- /7 —
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the soil-covered part, that is between 76 and 70, is about
370 gammas, whereas over the gravel wash it is 184 garmmas.
The sudden increase, starting over the gravel wash at Station
77, 13 due to the adjacent granite hill; otherwise it would
be low over the channel (see Section 6).

The anamoly over the solle-covered part is quite large
(about 200 gammas), indicating that the pluacer deposit is
very shallow,.

Since the placer channel is filled with granite boulders,
gravels and sand, the relation between magnetite sand and
#0ld concentrates is masked, and the following procedure must
be carried on before reaching a conclusion. |

1l - Determination of the maximum magnetic anomaly zone
along the channel (Section 2 in this case).

£ - A close magnetic survey of this zone, alded by a
detriled topographlcsl map. Magnetic contours are construct-
ed, and concentration "patches" sre located. The results of
this survey show that these concentration zones are located
on the alluvium from which the chsannel receded, and not on
the grsvel wash,

S = The next question is whether the magnetic ssand is
acsoclated with placer gold deposits or not. To find this,
samples from mountains where the streams come from, or the
gravels and boulders in the stream channel, must be crushed
and concentrated, then a fire-assuay msde.

4 -~ If the magnetic sand is found to contain sufficient
gold, then the question arises whether or not the anomalies

show enough concentration to warrant an exploitation. For



this, psnning, trenching, test-pitting, or boring can be

used. IIf the gone does not contain large boulders, drive-
pipe or rotery Iish-tail driilings are advisable; otherwise,
churn drilling is nccessary. Depth of the deposits is aznother
factor and is determined by boring, test-pitting, or by using
snother geophysicsl method, such ss eleciricel or seismic

progpecting.




