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The magnetic method of geophysical exploration has been

gconomic mineral deposits, Many o©f thase deposits contai
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some magnatic minérals, notably magnetite, ilmenite, or pyr-

c*'

rhotite, which may be detected dir:

i

ctly by the magnetic sur-
vey., During the =2arly years of minsral =xploration, balance
h

and torsion magnstomeisrs such as  the Schmid: 7 Pi=l1d and

Askania were In Ccommon use, These units ware mounted on

the long =&t up tinms, and the existance at that tims of

a Ltifty or one hundred foot

measurament  intserval was  desped adsguatse  to detect  th
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largs bodiss and maintain survey <osts at tolarabls lavals,
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With the advent of the new slectronic magnatometers such as
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tha operator, who had to make the
value in a loyg book, Even with the incrsased measursement
spead of the new magnetometsrs minirg companies maintained
15¢  of ths fifty and ons hundrsd foot sawmple intarval

while conducting thair magnetic survayvs,
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the data collectsd using & continuous  oOr

hundred foot sample interval, Secondly, the survey cosi and
Time regquired to conduct a ground survey, using a continuous

~

Or near continuous measurement Intarval, with conventional
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magnetic survay technigues and inst: 1tation was prohibi-

Research by the author carried out in conjuncticn with

his MSc thesis, has shown thils resasoning fC be erronsous in
several aspsctis, First, inadequate sanpling beslow the

the spaclal fregquency and amplitudes information collscted
during the survey, Secondly, +the distortion introducsd by
this low fragqusency bras will prevent ths establishment of &

distinct "signature" character which may be used to magneti-

bensath ovarburden, i
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ally,
important gsologic features of narrzow width and long striks
sxtaent may be nissed dus to the lack of data redundancy in

3

pplied by survasys using conventional

=
s
Mg
3
D
ot
} i
Q
P4
.
O
F..'
jo ¥
jon]
U
ot
o3}
03]
ot
3

4]
83}
-
o]
et
4
3
u
=
fax
[
1
]
ja))
ot
6]



and by allowing
their respsactive
gis, Ths author
technical staff,
over scme of the
construction phas:
lar, -of the Prec

hely

b
czssing  routines

Phyvsics, tor the
ing thelr review
my thesis advisor

)

4

7 paent

[ R

65}

sSar
T3l

Fy
Yt

author

-
Ti

ties

PDTroper

would also

rough spo

; ©Of the Mattaganmi
Richard Kasda, of
thair gensrous assistance,

o use informatiorn collected on

ir the preparation of this the-
like to¢ thank John Wenham Of the

s in the elecironics during the

@ of *thée magnetics unit, and also Tom Mil-
ambrian Center, Univ., of Hanitoba, whose
on many of the ccamputer piotting and pro-

proved Invaluable. Thanks also to T,

arth Sg¢gience, and Dr, Konopasegk, Dapt. of

helpful criticism and advics received dur-
cf this thesis, Finally, spscial thanks o
, br. C.D.And=rson, Dapt., of Barth Sciesnce,

much helpful advic

- .
L The PYT



[
xd
o
s
o]
)
b2
O
[®]
e
o
[
=
{
U]

o L e L] 2 2 e o k] 3 k-2 & E] @ 2 L4 2 & a o L] o 2 2 3 v
;‘lc KNOWLE DGEME NTS » E Ky ° ° ° 2 EY ® e ° o @ 2 s ® ° ° e ° Vl
Chapter page
Ie INTRODUCTION > o s & 8 8 o o 2 s & 5.8 » s 2 a o s 1
Developemant cof the Detailed HMagnetic Survay
,"47’3*‘ holq a3 3 ] S k<] 4 £ 2 L] -] @ s E] ° ? 3 -] L 1
Design Constraints cof Instrumsnt Development . . 5
Component Description and Design-- (Fluxgate
Magnetonster) € o s s & 3 o s e s s » s & 10
Component Descripticon and Design--{(Digita
S%Cf‘,iOI’i) ° = s & o 3 o & @ s 3 s » 2 s s« 14
Déscri?ticﬁ L] ® o ] o -] » & £ £ a o @ El Ll ? o 1”
Power Supply Circuilt o o &5 & o o o o s & o o 14
:\L;q?lltlé: Clrcl}it k- e k2 @ * L4 L3 2 & o 4 G L4 2 15
Analog / Digital Convertser Circult . + + « » 15
Component Description and D (A
SECtiOn} -] R > k-l A & 2 3 £ Ll o k2 ° 2 > > k] 26
D%«Sc:lpt“—(}n ® o a £ o e 2 9 L] ] 3 B e @ * L 2 26
Cl‘L‘CUlt DESJ.C_,H‘. ° 0 ° R ° o s 2 s ) ° ] Y ° 27
Ii. ALIASING EFFECT s s & o o s o o s a & s o s » s o 33

I1T. MAGNETIC SIGNATURE CHARACTERIZATION APPLIED TO
ATHERAL EXPLORATION o o & & o o o 2 s o s« o » 38
e s s 5 2 o o o 5 o s s o & o s o 33
ing Metavelcanic Sequence-
anada HWYs + o o s s o o 3 o o o U1
eposit=-Bzaverdall, southern
f b Columbia o & & & s s & & o » » 43
Mabel Lake Area-socuthern British Columbia . . 49
¥aiy Mountain Propert ~Vuxah Territory . - - 51
3 r and Cofer Props ' rginia,

U.53, s s s s s & s s o s 2 s s s s o 5B
Geaology fer and Svlfur Propsertiss , . . 57
Ore Minp lcgy « & s 4 s o s s 9B
Magnet: arvay~Su. s s s & » 58
Magnetic Survey-Co T

i
g
[
=]

]



3

o

y
M

3=
o
O O

”
>

o oH
>
-
:
&

4

o or o
s
o RTINSV

@]

B E e B S
: O

t

<

o3

S s
L]
=

MU
e

Va COI&CLUDING EEMAE‘K? 8 Py Py s 2 o s s o @ 2 2 ® @ 3 ° 82

A, SULFUR PEOPERTY-SUERVEY EESULIS o s a3 o s o s s s » 84

8. COFER PROPERTY-SURVEY RESULTS 4+ & o s » s o s » o « 85
Co JPYAED CONTINUATION PLOGRAM USING T73AY FILTER . . . 86
D, TALWANI HMODELING PROGEKAU e s 8 e s+ s s s e o s s o 93

NToOT T PR ol oy
BIBLIOGRAPHY » ° s = > > 2 s ° ° o 2 s 8 ® s ERY s e ° 1Ci‘)
gl 8]

Do s @ o 8 ® o s e @ o a 5 o 5 » o & @ » e e o » 109

LIST OF TAEIES

e
o
b
2
s
iy
el
fo
@]
i
by
g
=]
3
=3
tri
oy

ERISTICS = ANALCG and DIGITAL » & & » = 9



LIST OF FIGUREIS

Figurs

Magnetic

uki/Donean Deposi

4, Main Schemetic {Digital Section) . . .
5, Split Powar Supply=Schematic o+ + o o » o
&, Signal Amplifisr-Schematic . o 5 o o o o
7. inaleog-Digital Ccnvarter-Scheaumatic . & .
8, Pulsse Modulation Circuit-Schematic . . .
9, Switching and Decodsy Circuitry-Schemati
10, Calculator Scan Ling Diagram . - » =+ « o
117, Chart Racord Advance-Schematic . s » - o
12, Analog Interface Circuilt-Schematic . . .
13. Aliasing Eftect-Thecry DIagTral® . » » o s
14, Aliasing Effsct-Field Exanmple o o o« o+ »
15, . Metavelcanic Seguence~TransCanada Highuwa
16,  Detarlsd Hagnetic Survey Results-F
17, Gecloglc Model-Fuki/Denen Deposit o o .
18, Detailad Magnetic Survey Results=-Bzaveard
19, Detailed HMagnatic Survey Resulis-#Habsl
S.8.C. s e s & 3 a s s s 2 s o o s s

¥

]

s

pags

s 23

. 3

bo



w

(V8]
(o2
©

=
“

-~ o~ o~ - n 19 = -~ ™ -~ ~ T oA "
Detailed Magnetic Survey Resulis-Walr Hountain Mail
e
}'r:.j. 2 5 @ £ ° a 8 ° ° & ® kg ¥ 2 L] ® @ 2 2 2 @

SULFIDE FRECH SULFPUZR 2 e o

SHLPIDE MINERALIZATION FRCOF TEE COFER PROPERTY . .
Harmonic Fluxgate

* ° 2 ? -] ? 2 o -] L] 2

£3s5ion Airborne Unit .

~COMPBORENTS o & o o o

Aliasing Effect in Asrcmagnetic Data o » o o o » »
) Eleavation-Continuaticn Results=-Falcon Lake Grid
50 Foot Elevation-Continuaticn Resulis-Falcon Laks
Grld (] 2 2 -2 ? 2 o -] L] @ 9 E] 3 o & 9 e -] e e o
100 Foot Bleyation=Continuaticn Resulis-~FPalcon Laks
(;ri(;i E] e o o ° > a @ ) E3 2 ® 2 - o a3 3 a k-2 L) -

0 EBElevaticon~-Continuaticn Results-Weir Mounteain . o
50 Foo*t Elsvaton=~Continuation Results-Weir Mountal

levation-Continuation Results-~¥Walr
n

+
Y
»

@ @ £ 2 ] E L] o @ L] £ 3 ® L] - 3 L]

70

71

T4

78

79

79

80

80

81



Chapter

INTRODUCTIOCH

1.1 OF THE DETAILEL HAGNELI
The use of detailed sarpling Intarval
ground magnetic surveys has been up until

¢
[}

j=]

cted to archsological surveys, The

balance and m

pracluded ths use of d=tailsd sampling in

Ten since the time and c
such a survey were prohibitive, ¥ith the

Precsssion units, the ability to conduct
becams technically fsasible, Thess nevw un
they did not nzed the lengthy set up *im
tripod mountaed magnetometers, &lso  ths

provided s2lactrical analog cutpuis, allowi
of advanced data acguisition systems, T

survevs did not  occur and the 50 and

that the added inpnformaziocon would not be
o warrant the cost and time Treguirsd to C

5 while conducting
now primarily res-~

sarlier uss of
ining industry had

tervals ¢of five o
ost limitations of
advent of thsz new
nxgyate and  proten

de

-

;e

1

helief

significant enough

onduct such a sur-



Derailed ground magnetic surveys in archsology using

v

various winching methods to provids a uniforn, closely

spaced sSurvsa havs been in use for a numbar of vs=ars and
I J
described 1in papers published by Brisnar (1966), Zalph

the eaxtreme sansitivity of

overlooked and certainly not i

mineral deposits, C.D., Anderson, in two papsrs published in

mplementad in the search for

Dctober and Dacembsr of 1974, clearly dsmonstrated the value
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of signiticant strike axtent,

and provide the data redundancy tc better define the anomaly

o

envalopa of magnstically active zones, S5om= of ths =arly
ideas leading tecward the concept of nesarly continuocus sur-
veys applised to minerals exploration and gsologic mapping
wzre formulatsd by C.D. Anderson at ths University of Hani-

toba in 1970, It was observed that magnetic f£isld valuss



collacted during a ground survey over thse Bird River 5ill

ably magnetite) wathin ths sill, By using ths smaller sam=~

pling interval, this fine siructure within the sill was able
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of surveys conducted

at detailed sampling intervals of 5 - 10 fest was confirmed
with observations mads by Anderson and HcGowan in 1973, A

as part of a B3c. risld project. Iritially, the survey usad
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using a smaller sampling interval, suggestad that a 10 foot
interval be tried. At this resolution lsvel magnetic ampli=-
tude and quite

differen
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was missad by fthe Initial 50 foot survay, Was resolved by
th2s more dztailsd survay, This ancpaly was caussd by a nar-

oW of pyrrhotits within the sh2ar zone marking the
contact petwsen the *two units, and extending for saveral

hundred fest

during this survey, eand other detailed survays carcied out
in Manitoba and On*tario, dindicated that gsologically valua-
blez magnatic informaticn regarding rock lithology, siruc-
ture,and mineralization may be obtained frcm magnetic sur-
vevs conducted at detailed sampling intervals of 5 - 10

feeat, An axcallent sumaary of pcerential uses of detailad
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1, 1975)

detailed surveys yields a corrasponding increass in the num-

bar of readings to be collected and plottad,
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survey would be exceedingly costly to coaduch, as w=1ll as

very time consuming if conventicnal aguipment and survey
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for industry, a much more efficisent data collecton method
would have o bs dsaveloped and proven sffactive, This the-

513 1s concarned witi
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constraints affecting the desvelopment of such a systasm were

cost, durability, data acqguisition spsed
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iorn of survey results in a readily interpretable format,

The main design criteria ccantrelling tas planning and con-
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struction of instrumsntation for this thasis wers equ

pment
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cost, durability, weight, data acguisition spzed, and output
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struction of the sguipment was limpited, so from the outset

of the projsct 1t became obvious that shortcuts had to be
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thenever possi-

bla, <¢f existing commercial equipm=snt rathsr than primary

scheme ware a mini-chart recorder purchased from Linsar
Instruments of California, which was used for analog record=-
ing ©f ths data, and a Canon P-10D calculatorn, which pro-

vided the digital output £or the systanm.

The unit bad to be ruggsd enough to withstand the

extrames of tsmpsraturs, humidity, apd vibration
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often sncountarsd while conduct

{

Weight

To function in rugged mountainous terrain, The use of solid
state components, the mejority of which ware built +o mili-

Lcations {~55 to +125 C.,), genarally

malfuncticn causaed by extremes of
tampaerature and vibration, This was demonstrated by the
stable performance of the unpit in such thaermally diverse
ragions as sounthern British Columbia, where +temperatures

averaged 25 to 3C C. during the day, *9 mountainous area

n

commonly ¢ to =20 C..

batteriess, 23 their
the lowser tempsrature

the unit had to be watertight +tc¢ function in +he rain and

snow-  storms  regularly  encounterad  in  southern British
and transport problsms were sclved by asing a commércially

avallable light-weight backpack frame, and m=dium gauges alu-

minum sheet Yor the instrument casa, This combination lim=-

continuous surveying with a wminimum of aches and pains,



viding grid raference information, This was accomplished
with 2 comparatively simple switching schswme, which i1s
dztazlsd 1n & later section, This switching wmethod proved

e b2  effective and fairly trocuble frze while collecting

thousands of data points over ths coursz of +the 1979 field

For a dztalled magnetic survey to be truly effective
from an interpretation standpoint, the data must be pre-

sznted in & form which allows wmonitoring of +he magnstic
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chart record 1in an attempt *to rzach a comnpromisszs betwsen
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TABLE 1

e

FORMAT CHARACTERISTICS ~ ANALOG a3
ADVANTAGES
1log Format Digital
BQuick Look Ability"- able
0 see data in profils form,
allows opsrator to obsarvs
and analyze magnstically
anomalous arsas while conducting
ths survev,
"2eal Tims® saving, since 2y.Allc
the analog signal is plottsd inta
immediatly upon acguisiticn.
Tims savings of up to 30
szconds per reading.

Polnt of cultural noise or 3).vVar
geology may be marked directly AR
onto the chart record, or B.H
indicatad by fiducial syste
DISADVANTACES

Dynamic range problem, sincs 1 HO
ths dynamic range of an as
analog racorder is restricted is
by *ths physical dimensions of t
the chart record,

Digitaticn =2rror involved in 2) M1
any computer interfacing and =8
and conditioning routines, c

nd

nT s
DIGITAL

™ e
rormac

WS =2ase oI compute
rfacing,

»

9

izd storayge methods
agnatic tTaps
ard copy printout

"Ouick Lock™ ability
a numaerical format

visually difficult
interprs

13t have more complex
lzcironics for signal
on dltloninga
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AND DESIGHE-={FLUALCATE

Scintrex Model #MF-2 Fluxgate magnefomatiter, waich 18 a rather
conmpact unit, measuring 6,5"x2,25"x10,0", and weighs approx-
imatealy 5.75 pounds. The unit hasz five scalss (1K, 3K, 10K,
30K, 100K nTed, and  a maximum sensitivity of 20

nT,/division, on ths 1K nT., full scale s3stting.

The field sensing elsment of tas fluxgats or "saturable

+

cors" pagnetomater consists of ftwe strips of highly pernmea-
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coils, whichk are wound around the twoe laminated corss figure
{1). These COres are magnetized with the same flux density
but in opposing directions, since the primary windings are
wound clockxwiss around core 1, and countar-clockwise around

core 2, Now when ths =sarth's steady state magnetic fisld is

(T:

superinpossed upon the cyclically varying f£iseld within each

corsg, 1t will add tc the  magnstization in one <c¢ore, and
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whica ars induced within the sscondary coils, to le=ad or lag
the other an awmount depending cn how zarly or late in the

cycls saturation occurs, #hen the sa2condariass from each
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tzm is housed in  arn aluminum  Cass Beasurin it x 7Ny ¥

12#1, and mounis on top of the analog case with four screws
{Figurz 1.3). The unit 1s encased in 1% thick siyrofoanm

panels, which ars in turn wrapped with alumninum tape (not
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breakags and thermal effects, Elsctrical connection betwesn
the magnestometer and enalog-digital sections is provided by
six conductor aad four conductor Canon military connsctors,
while powsar to the unit is controllzd by a single polz-sin~-
gle throw switch mounted on the front of the case, The
Ww2ight of the unit is 7 pounds with pattery, and 2 pounds
without the pattery, making the tatitery the largest contri-
putor of weight to the systian. The battery, which 1is a
1

Czll type chesgen for its recharging capabili-
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Veltages for the opsrational amplifiers and logic com-
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vclts providsed
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15
or E3cC, The regu=-

voltage

regulator is  sgplit ipnto + and - 6 volts, Ly the voltags
divider network located 1in the fesdback 1loop of ths opsra-
tional amplifier, with f£ine adjustmsnt provided py a 10
K-ohm potsntiometer, The gain of the circuit is destermined
by the valus of Cc, which for a 10 pF capacitancs sguals
on=,
1. 4,3 Amplifier Circuit

20 - 100 mV., DC current is produc=d by the fluxgats
sznsor as the direct electrical analog of the vsrtical mag-
netic intensity component, For this oiénai to be compatable

ADPC3711
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ng a Fairchild uwa’471 opzra-
ting configuration ({Figurse



by the circuitry shown in tigure (7). The heart of the cir-

cuit is ths ADC3711 analog to digital converter, which is a

clesead, triggsring a 555 TC timsr circuit, s=2t up in a
nonostabls mcdsa, This timer circuit 1s ussd to nagats any
effects of switch bournce, which may cccur as the Data switch
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an output pulse of width T=1.18t Ct, which for *this circuit

11 seconds, preducing a clean low to higha friggsrc pulse
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this oscillator may e varisd by changing componant v
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in an external R-C network, &s shown in figure (7, pins
and 18 - ADC3711) . At the enc¢ c¢f the conversion cycle a

convaersion complzte pulse is ourtput from pin 6 of the

as the DLE Temzins high, The pulse modulation circuitry



high pulsss at *the two digit selsct inouts,
2ach digit s=lesct input relative o +the ot
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BCD/Lecimal
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ra2lay contacts of the ten PRME Picor=zed dip
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rent 3ink of up

=10

b=tween the

calculator occurs
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The analog section of the Destailed Hagnetic Profiling
anit 15 housed In a ruggsed aluminun case M2aSUTInG b.5"h X

10.5%w x 13%1, with a {(,125") wall thickn=sss, The cass 13

to both wind and watsrproof +the unit, A sealed plexi
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ate 1s mounted in the front o¢f ths casz o allo
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access to the chart record without op=ning +*he unit. The
casefront 1s also hingsd to allow =2asy access to the
recorder machanism and graph. A1l elsctrical connections
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th2 magnstometer +o the analog and digital units
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Canon military jacks, =enabling elactrical con-

ction to b= made without breaking +the integrity of the

num backpack trams Lor zass cf movement and weight distribu-

2t of thée analog system including bat-

unit is a 12 velt lantern battsery which can be qguickly

mournted or dismounted from the rear of ths unit by undoing

The chart recorder unit itsslf measures 6,0"h x 9,0y x

[t

16.7"1, and waighs a

]

oproximately 11 pounds. Tt has multiple

span input ranges from 1 avV, *o 10 V,, with variable attsnu~
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detailed magretic surveys, whils keeping ths external con-

Circuit design for the analcg saction of the gystenm
centered asout twe wain criteria. First, readings ars to he
mads at discretse points during tha course of tha survay.
Secondly, an =2fficient method cf interfacing the magnetome-

ter to the chart Decordsr unit had *to be found.



around an SIES55 timer and a CDYOTT Quad Nand gate (And gates

¥2re  not avallaple during circult coastruction so  ssries
¥and gatss wars subszituted), Circult oparation begins when

Chart Advanc= switch 1 cor 2 , mountad respectively in

the Contrcel pbox on the
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unit, are closed, WHhen this cccurs a n=gative triggsar pulse
arts a tuwo second timing interval within ths SELSS5 cir=-

cuit, resulting in a two second "high" output pul se, As a

"higa" and %low" at
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in ths Control box unit on the magneicmatar, This control
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As previously mentioned the char+t may alsc be incre-

o
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mentzad forward by Chart Advance switch 2, which is mounted
on the rsacorder unit, v1sc locatsd on the recorder unit is

e 'yl ar T oy e s e i
the Polarity Inverter switch which revarses the polarity of

reversad, allowing profiles to be plotted in invertad feorn.

This feature i3 again ussful during grid surveys when alter-
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nate grid lires ars magnetically surveyed in an alternately
forward and revarse
pla, if line 1 is surveyed from station 0 to s=<ation @ the

Surveyor upon complating station 9 will crosz over to lins 2

and magnstically survey line 2 freom  station 9 +o staticn 0,
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If the profile from line 2 was pot invertsd rela*ive +o0 line
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sampled at discrete points with a frs
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quency less  than the
Nygquist fregu=sncy, a waveiform dsvoid of the original fre-
quency and amplitude characteristics will result (aliased
wvavaform}), This effsct then manitests itself in actual sur~

vaey data by dscrsasing the frequsncy and amplitude content

of the profiles as progressively largsr samplirg intervals
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staern Cntaric, The grid lines strike
spacsd 200 feet apart, Ths grid is

contact between a plutonic intrusive con-
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sting of guartz porphyry, and a mafic volcanic suite conm-

posed of andesite £lows, The magnetic disparity between the
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ults shown in tigure {(14), At the 10 foot interval
{solid line) the quartz porphyry is characterized by fairly
loy amplitude {(+/= 90nT.), short rperiod variations of 10 to
t, whil2 the andesites are tvpifisad by high amplitude
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APPLIED TO HMINZRAL

in g=ology and g=ophysics cannot pe oversmphasized, particu-
larly in the shisld ar=sas of Carnada and the United States.

are charactsristically covsred by a venasr of
glacial debris which ranges in thicknsss from (O feet to
gr=atsr than 50 With averags depths of 5-10 faet, As

axovosad, magxing

gmely difficult, A

cial fregusncy and amplitude characteristics, can only be
obszrved 1if the sampling interval Is lsss than or 2gual to

variation

observations not made using this

criterion, a bias toward lower frsgusncy, low amplituds mag-
n2tlc variations will be introducsd, seriously distorting

the

lithologies, and repanence effects, suct
reversad magnatic polarities, ars two of
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factors Involved in dstermining +the spacial freguency and
amplitude characteristics of tarth¥s magnetic +tield as
Ssen during a greund has2d4  pagnetic suartvay, Quite a large
body o©of li=zeraturas resulting frcm numarous paleomagnetic

dozk done by Mooney and Bleifuss (1953) in Minnssota orn

0

a Precambrian rock suite yislded su Ceptibility valuss for
basic extrusives ranging fror 001 +o .004 cgs/cc, while
valu=es for rccks of graniti ccomposition  we
0001 cgs/ca, This same trend was notad in wor doneg by
Carri=, Gromm=, and Verhoogsen (1963}, on granitic plutons in
the Sierra Nevada mountains., Typical rock susceptihilities
ranging from 0.0002 %c¢ ,0045 cgsscc, ware fourd, while rema-
Lence measursments ranged from .C901 to ,0008 cgs/cc., yield-

ing Q ratios {ratic of the remanant magnetization to the

by Bull, Irving, and Willis (19Y962) on diabase sanples from

by

Aintarctica, indicated ¢ ratics

[®]

f 1.0 and 2.0 existed,

demonstrating the importance of Iemanencs in  certain rock

{Tl

&
e

types and arsas. Alse work by Hood (1961) on rocks froam the

Sudbury Basin of Ontario, which were datzd4 1,7 billi years

4

yi=lded ¢ ratios ranging from 0,1 te 20.0. Generally there-
fore, i1t can be saild that dark, mafic volcanic rocks are

MOre magnatic than rocks of granitic composition, although



amplitnds and spacial frequency charactzristics of +“ha= nag-
nezic snvelope produced by 2 particular litholcgy or sz+truc-

Turs ars deata:
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tined lazg

=1y by the complex interaction of

3

susceptibility and remanence effects within the litholcgy or

&

and ths United States indicated +hat nagnetically active
ar=as, dus to magnetic reversals or large ordsr susceptibil~-
ity variations, may be quite narrow (5-10 ftasty, In order
o producs a wall datined profils of sSuch & narrow zone of
activity for uss in mapping =atc,, tha sampling fregusncy

MUST b greater than or s2qual to the Nygquist fraguency, if a

0 be a
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bias toward lowsr freguenci i thereby
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necasssitating the uss of a very datailsad sampling intsrval
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while conducting the survey, The detection and use of the
mzgnetically active 2zones for minsral 2xploration and geo-
logic mapping will be demonstrated by ths following case

hz:

toriss,
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tario bordser, sastward for approxipately one mile. The rock
units In the area consist of near vartical agsenblages of

metavolcanics, metasediments, and intrusive basalst phases,
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d pervasive interlayering, giv~

1g tnelr magna2tic sSignature a distinct high freguency conm-

This figure demonstrates ths vary coamplex magnetic
behavior layered mafic ssJuencas rcsses, and the very dis-

tinct aliasing phencmenon taki .ng place at the 50 foot sanmple
intarval {(dashed line), Zones of sxtreme magnetic activity
(+16000 nT, +to =-1400 nT.) ar< due to sheared metavolcanic
segusnces which have been sups=squsntly winsralized with sul-
fidss, most notably pyrrhotits, Using this rapid and
intense magnetic variation as sig grnature criteria, these
zones may b2 <easily tracsed bensath overburden using a
detailed sampling interval {10 tzet), ailcwing accurate geoc-

logic mapping of these magneticall distinct horigons, with-
Iy = 7
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Figurs 152 Mztavolcanic Ssquence-TransCanada Highway
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Donen udranium deposit located north of Beaverdell, in

sonthsrn Briti

This deposit 1s known as a basal type or epigenstic
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al, caused the urarium <o precipitate as uranophosphate
coatings on  ths cobbles and gravasls pressnt, Durzaqg the

glacizl event tha ar=a was scoursd by

1ous in radiocactivity, &3 the ors con*tains approxXimately 2
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Except for +his one instance when ore grads matsrial
occurrad closz £nough to the surface to allow for detection

using ccmmon radiometric methods, deposits of this typs are
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FUKI-DONEN BASAL TYPE URANIUM DEPQOSIT
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GEOLOGIC MODEL / FUKI-DONEN
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BEAVERDELL,B.C.,TERTIARY LAVA FLOW - GRANITE CONTACT

FIGURE 18,
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British Columbia geochemical survays conducted the previous

summer dsatectad ancmalous contents of aranium in  several

that the ancmalous streame may have been draining ons of the

the location of the buried basemert- basalt contact, This
iocation would then control the placsm=nt of the geochemical

grid, which had o be located as close to ths contact as
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associlazad with the basalts was consid=arabls however, allow-

ing us to pinpoint the contact location guite easily,

Figurs (19) shows the graphical output produced by the
Dzzaillad Magnetilcs sguipasnt as  previously discribed in the

instrumentation
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sECcticon, The tima reguired =
meaAzZuremente) was approximately

¢ conduct  the survey (510
4,5 bours, *ach mezsursement

avaraging 30 seconds {10 sscond:

seconds to walk t0o *he neyxy:t gtati

conducted using conventional egq

havs Dbeen required for sach re
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Geologically the ¥Weir Mcun
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tain arsa (figure 20) con-

238 ZOD8S wers sSubse-

differsnt psriods, by metal

:positing sphalsrite, galsna,



ngtlc method proved te be *the post dsfiy

row, linsar nature of the minsraligation aleng the shear

ar=as, Obviously thse cf dsfinition reguirsd o
locate thnese arsas, due to +heir narrow width {2-10 featy,

preciudas any but a detalled survay. In this case particu-

veins would he considersed =concomic dus o

tin content, 1f they possessed ths regui-

the lines spacsd 75

g=sologic observations wysre abla to ke mads
and rsgistered on the graph using the fiducial marking sys-
ten, With this methnod time savings are considerable, as
groundtruthing of ths data was dons at the tims of its col-

laction, a distinct advantage in mcuntainous terrain,

claim block, showing more intense magnetic zctivity, with

ancmalous zcnes approaching 1680 271, abovs packground, The
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locatsd on  lins 104900 is fairly complex, consisting of
three distinct peaks, This coaplexity of +the anomaly

snvelops may  be caused by three closzly spacad veins, or
thres areas of wmagnetifte coencentration within ons large
veln, only drilling will tell, Tuas vein widihs in this area

interpratation =ffort is necassary
3.5 sulfur and Cofer Propertie

During HMay 19890, I
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corrslation difficult, if noct impcossibls, Drilling through
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14 be us=d as marker beds
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high spacial
rzsolution could bhe utilized, T¢ varify this supposition,

the D2talled Magnetics Unit was usad +to carry out high spa-=

3, 1.5.1 Geology~Cofer and Sulfur Propartis
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The litholegies pr=sent in thes arsa consist of
caniclastics and clastic sadiuments, which have undsrgone
lowsr amphibeclite fo greenschist metamorphisnm, Ths bedding

0f the units generally strikes N 30 &, and dips staaply
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The sulfur and Cofsr properties are generally consid-

STrTmg To = ma ool 3 4 A . ¥
crzd to bz massivae sulfide deposits,
In rthis typs of deposit wmineral rich solutions containirg
nt 11ng
pyrits Sphalerite, galens chalccpyrid t
prrite, sSbhaierize, galena, cnalccpyrite, pyrrhotite, and

MLnor amounts of silver {1 cuncs/tony), w2rz ventaed Dby a

local velcanic center, filling ftottom do

and forming today's minzral rich localities, The

vidual bads, and along striks, The magasilits oCccurs as dis-
gszminations or distinct bands within the ors, examples of
which ars seen in figurss (23 and 24), The sulfidss are

trik=s due f£0o the metamer-
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thought to pinch and swell along

Areas may be found as lansoid concen=-

3, 7.5. 3 Magnetic Survey-Sulfur Property

Th2 magnetic survey on the Sulfur property used a 10
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Figure 23: SULFIDE MINERA

composed

Figure 24: SULFIDE MINERALIZATICN FROM THE COFER PROPERTY
In this sample the dark bands consist mainly of amphibolite,
with minor amounts of magnetite.
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4.1  INTRODUCTION

panies in placs of the conventicnal ground bassed magnetic

survey spesd  will

to be surveysd and procassed using the new gensratiocn of
digital airborne magnetometers, and data processing units
now on the market, The ssccnd part of the supposition, that
the information content will be dsacreased only slightly is
Lot trus, Error may be introducad into +the aeromagnaetic

data at wmany points during its collection and subsaquent
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the ambient  field (figure

‘ 28) . The stronger the ambient

fi=ld, the gresater will be +the splitting of these =nergy
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levels (Zeemar stftect), If a tuls of gas i3 expossd to a

monochromatic beam which has 3 frs=quency corresponding
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amount of light which passsas through the abscrpiion celil by
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CONCLUDING REMARKS

fold, First, t0 develop equipment capable of conductin:
detallsd magnetic SUCveys using measursment Lntervals of 10
feet or less, whilszs Keeping the time raguirsments n=eded to
conduct such a sSurvey within those impossd by conventional

EUrvsy tachniques, Secondly, to use the squipment in sur-

etails agneti SUrve X6 :
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the University of Hanitobha. A prototype Datailsd Hagnatics
unlt was produced which rulfilled <the necessary  speed and

output criteris was sufficiently bpush hardensd to sur-
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R Fha 3 oo I " P o d ;4 4
vive tns  rigors of tundr and rain forest conditions,
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D, cCcc INPUT LATA IS A4S FOLLOWS (ONE CARD CNLY

FORMAT 20) c C N = THE NG, O POINTS
{ ¥ = THE ¥NO, OF POINTS CF ONE SIDE C

FHETRIC OPERATOR PLUS THE CENTER POINT IE: THE

H

C POINTS = 28-1 C FL

FREQUENCY C FH = THE HIGH CUT FREQUENCY C
AMPLING INTERVAL C C C FOR THE THEORY
UBROUTINE *BNDPSS? EE E, &, EOBINSON-~GEQPHYSICATL

ROSPECTING, VOL.14, HO.5, F.1, C C C

DINENSION FILT(1000),X(1000) ,RDATA(1000) ,RDOUT (10
C(MMON FILT,¥,D7?,%,PI

DIHENSION L{20)

"

I=3,141593

w

READ (5,9) L

FORHAT (20 14)

FORHAT ("1%,///," ',40X,'TITLF:~ !, 2014)

¥RITE (6,12) (RDATA(J) ,J=1,LKLATA)

THE LOW CUT



20

GRAPH (

81

88

¥ (I) =FLOAT(I~-1) C CALL GFAPH{X,CC,EDATA, DD, LRDATA)
WRITE (6,26)
FORMAT (16HCUNFILTEFED DATA) C 1 RIAD(5,10)¥SZETS C

FORMAT(I4,1F8,0)

CALL BNDPSS

DO 70 I=1,N2 70 X{I)=FLOAT(I~1) C CALL
X,A%, FILT,BB, N2)

WRITE (6,80) 80 FORMAT {*(Q?' ,T20,'FILTER OFERATOR
SZ REPONSE FUNCTION) )

WRITE{6,50)N2,FL,FH,DT 50 FORMAT (*0?,T 5,'RESPONSE
I5,' POINT FILTER, LCW CUTOFF =7,

8.4, , HIGH CUTOFF = *,F8,4,! , ( SAMPLING INTER~-

Calyn CONV(N,FILT,LRDATA,RDATA,RDOUT)
CALL ?BOFIL(L,LBDATA,ET,S,FSTAHT,jlﬁC,RDOUT)

CONTINOE

[67]
3

b

STOP

SUBROUTIND CCNV{NJ,FILT,LRDATX,REAfA,B@OUT,X)
FEAL RDATA (1000) ,RDOUT (1000) ,FILT (1000),% (1000)
NI=2%NJ~-1

ILAST=LRDATA-NJI+1



g9

RDOUT (I)=RDATA (T) *FILT(1J)

.

0O 200 I=NJ,ILAST

1

RDOUT (I) =RDATA (I)*FILT(NJ)
DO 100 J=2,NJ
JL=NJ=J+1
JH=NJT+J -1
100
EDOUT (1) =RDOUT (I) +FILT (JL) *FDATA(I~J+1) +FILT (JH) *RDATA (T+J~1)
200 CONTINUE
HRITE@b,zs) LFILT,FL, FH, (EDOUT (I),I=1,LEDATA)
25 FORMAT (*-','FILTERED DATA CONVOLVED WITE?,T4,
3« * POINT OPERATOR; BANDPASS 7,F8,4,' TO 1,F8,4,!
CYCLES /KMt /
X1 U (1H L10F1C. 1))

WRITF (6,27)

)

27 FORMAT (14TOFILTERED LDATR)
LFEILT=LFILT/2+1
RETURN

END

SUBROUTINE BNDPSS



JJ=N+T-1
FILT (J) =

N 2= 2-

5,208) (FILT (L)

COSFFICIENTS :9/% ¢ 20 (/0
508 =0,0

Lo 33 J:1vN
SUN=SUN+ FILT (J)

33 CCHNTINUE

PROFIL{

PREOFILE

!J L(

PLOTS A

POINTS ARE READ IN FRCHM SO

C ~¥ PROFTILE, FROM WE
TERS: c C THE ¥
L = LABEL (ARBITRZAR

W
Ed

SECOND (AR ORMAT

BER OF POINTS TO PLOT C
(FEDT) c S

(FEET/INCH) c ¥
LAS) AT THE ORIGIN C

(NENOT

b
=

DSLAS/T c ¢

CH)

{AND FOLLOYING CARDS) C C

ATA

.‘_.L‘

L DATA(I000),

(I4,478.2)

,L=1,12)

'L,10F13, 7))

L,%,DT,
CFILE
UTH

TO NORT

T T0O TBAST,
IEST CA3RD

¥)

START = THE
FINC
THIED C

1(1000) ,1I

~

H,

FORHA

C

m
L

DATER

("1

PC

", FILTER
ccccecc

)y ¢
INTS. C
VENT OF &

C

= NUM
INTERVAL

XIS S5CALEB
{1285, 1)



TN
[N RRIETES 1

il

L{20) 19 FORNAT (20A4)

RO NH AT H AN i T g A

12 FORUAT (M3 ,///,7 1,404, ' TITLE:~ 1 ,204k)
CALL PLOTS{IBUF,1000)

CALL

bt
o}
@)
-

—
[
L]

Al
—
a—d

o

“

i
V8]
—

CALL

3
fed

(@]
3
-~
(]
o
5
i
€&
@
o
Al
]
w
o
)
U
!
S
el
|
—~
foef
£
-
o
]
o
©
o
~
1]
<

FORMAT (1276, 0)

21 FORMAT(//% *,2X,*'N0 OF POINIS ',I4,! S2HPLE INTERVAL
1,710, 2,

11 HOR, SCALE

£
-
-
=
—
(o]
@
N
-
-
=
kel
3
.

ORIGIN ' ,F10.2,' VER

SCALT 1,F10,2)
WRITE (6,22)
22 FORMAT (//' *,50%,'FIELD DATA'//)

23 FORMAT(' *,10%,10F10,2)

CATR (J) = (CATA(J) -FSTART) /FINC 30
DATAET (J)=(J~1)%DI/S

CALL SY#BOL (0.,-1.,.1,L,0.,80)

CaLL AXIS(0w,C.,27EREL, VERTICAL
FIELD (GAMMAS) ,27,8,,90.,FSTART,

*FINC)

CALL AXIS (X 0., 27THEEL, VERTICAL

FITLD (GA#MAS) ,-27,8,,90,, FSTAET,

CALL AXIS (0.,0,,T4EDISTANCE (FEET),~14,X ,0.,0.,S)
DATAT (N+1) =0,

DATAT(N+2) =1,0
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94

ALPHE(20) , 28 (20) ,HE (20) ,KK (21) ,XC(4) ,DC(L) ,DP (100) ,

CCI100) ,C8(100) , Y (500), X2 (100) ,21(500) , X1 (500) , FIELD (500)

10

11

14

DIMENSION FORH(Z,3),PL(130)

DATA TEEND,FURK(1,1) ,FORNM (2, 1) J4HSTOD, 60 VE,4H3T, /
ATA FORM(1,2),FORH(2,2) /UH BEOR,4HIZ. /

DATA FORM(1,3) ,FORN(2,3) s4H TO,44TAL /

DATA WA,WB,KC,WD/1H ,1H,, 10%,1H0/

XOFF=0,0
READ(IFD,501)  (ALPHM (J) ,d=1,20)
IF(ALPHY (1), EQ, THEND) GO TO 999

WRITE(IPR,502 (ALPHH({J) ,d=1,20)
{

jw)
=]
s

AD |

-l
“T_/
-
-
U1
o
w

3) NB,T,FINC,STRK,NLIM,DY,NEL,IOD
¥RITE(IPR,505) T,FINC,STRK

BAD=0,017453293



33

34

35

109

103

104

READSITIRD . - N FT N STRE ,INF i
READ(IRD,510) NF,FHAG,RINC,SIRR,INF,PHI

TR (T A e o e
WRITE(IPR,51Z) N, NP, FHAG,EINC,ST]

FHAG=FHAG*10000C, 0

RINC=RINC*RAD

ZR (N) =FMAG*SIN (RINC)

HR(N)=FﬂAG*COS(RINC)*COS(STRR)

READ(IRD,515)

IF(KI-I) 104,103,104
P {I)=XC(J)

DP (I) =DC (J)

I=T+1

J=J+1

XP(T) =XC (J)

DP (I) =DC (J)

R2= (XP(T) =XP (I-1))*%2+(DP (I) -DP (I-1))

CC{I)={XP(I)=XP (I~1)) *%Z/R2

EAY

(XC (J) ,DC(J) ,d=1, ¥

R

e
3K

<

(Xl
Wi



105

110

107

108

[S9)
-
O

CS{I) = (P (1) =XP(T~1) ) *(DP(I) =DD(I-1)) /R2
I=I+1
J=J+1
IF(KF-T) 106,105,105
IF(J-4) 108,104,110
CONTTNUE
GO TO 100
IF(INF-1) 108,107,108

CC{KI)=COS (PUI) %*2

B2= (XP(KI) =X P (KF)) #%2+ (DP(KI)=DP (KF) ) %%2
CC{KI}=0,0

CS(KI)=0.0

IF{R2.E0,0.0) GO TO 200

CC(KI)= (XP(KI) =XP (KF))*%2/R2

CS(KI)= (XP(XI)~XP(KF))*(DP(KI)~DP (KF)) /F2
CONTINUE

IM1=T~1

WRITE (IPR,516) (XP(J1) ,DP(J1) ,J1=KTI,Ix1)

M

CONTINUE

KK (NB+1)=KK {4B) +NP

DO 900 #=1,NEL

READ (IED,517) E,IPLOT,IINC,IPNCH,IZT

IF(ITNC.EQ.Q) IINC=1

READ (IRD,580) N71

s}



97
580 FORMAT(I10)
BEAD(IRD,590)  (XT(K1),21(K1),K1=1,u71)
595 FORMAT({TF10,3,76.0)
FRTTE (IPR,161)
161 ?OR%AT{//?OX,31HTOPOGB%PHY/FIIGHT ALTITUDE DATA, //10X,
*  2(5X,5HCCORD, 10X,6HX DIST,10X,8HZ  HLIGHT,3Y))  C
WEITE (IPR, 160 (K1,X1(K1) ,21(K1) ,K1=1,N21)
160G FPOR~
i*i?-&’f(?1X,IB,5}(,?12@3,5X,F12a3,5}(,18,5}{,F1203,5X,F12a3)
51 CONTINUE
JRITE (IPR,518)
¥=XOFF
DO 800 K=1,NLTH

¥ {K) =0, 0

IF{IZ1.8E.0) 60 TO 820

GO TO 8uQ
820 WX=0
DO 830 JJ=1,N%1
IF(X. 6T, X1 (JJ))  NI=JJ
830 CONTINUT

IF{NKQLT.?QOR,EX.EQQNZ1) GG 20 800

IF(XT(NX). B0, XT(NX+1)) GO TO 835



o
0

<

<

<

$8

DUM= (X= X1 (NX)) /(X1 {NL+ 1) =X T (KX))
CONTINUE

=7 (HX) #DUKK (21 (NX+1) =27 (VY)) +5
CCHTINUE
5O 700 N=1,NB
TI=KK (})
IR=KK (N+1) -1
ANGB=ATAN ((XP(IF) ~X) /{DP (12) +271))

FLRB=C. 5%ALOG ((XP (IE) =X ) %%2+ (DP (TE) +72% 1) %% 2)

JF=IE~TI+1
DO 650 JJ=1,JF
I=IT+JJ~1
ANGA=ATAN ((XP(I)-X )/ (DP(I1)+2%1))
DELANG=ANGA-ANGE

=00 5%ALOG ({XP(I) =X )*%2+(DP (I) +271) %%2)
Z72=77+CC (1) *DBLANG+CS (I) * (FLEA-FLRE)

ZH=ZH+CC (1) * (FLRA~FLEB) ~CS (I)*DILANG

DZ=DZ+2,0%ZR (N) *ZZ+2, O%HR (N) *71

DH=DH+2, 0*ZR (N) #ZH~2, 0%HR () 27

&)
]
1
[99]
O
i 3

T {Z+D%) %%+ (HCS+DH) %k 24 [ISN %) =T
WRITE (IPR,519) K,X,DZ%Z,DH,DT,7%71
IF(IOP, LE.0,0R,10P,GT,3) TOP=3

GO TO {701,702,703),1I0p



701 Y (K)=D7Z
GO TO 800
762 Y {K)=DH
GO TO 800
800 X=X+DX
TF(IPLOT.EQ.0) GO TO 100G

HRITE(IPR,502) (ALPHN(J),J=1,20)

READ(5,889) (FIFELD(NFF),NFF=1,NLTH) 889

SL={B2-B1)/ (NLIN*1,~1)
DO 890 HFF=1,NLIN

FIELD (NFF)=FIELD (NFF) = (SL* (NEF=1) +31)

b
+ lj
-~
=
bt
j
N~
1
s~
3|
3]
i
.
~—
"
o
NS

HRTTE (6,899) (FIELD (JJJ) ,JdJJ=1,0LIN)
MAT(12F7,0)

CALL PLOT({XF,Y,FIELD,NLIN) C C
1000 CCNTINDET

IFP (IPNCH.EQ. O GO TO 1500

@}

99

FORKMAT (F5,0)

890

899 FOE =

WEITE(IPN,65)

FORE(1,TOP) ,FORM(2,ICP),E C 65 FORMAT (45 (18%) ,244, 1SHFIELD

ANOMALY,RLEV=,P8,2)
WRITE (IPN,501) (ALPHM(J1),J1=1,20)

FRITE(IPN,66) (Y (K1) ,K1=1,NLTH)

900 CONTINUE



99 3TOP
501 TPORHAT (2044)
502  FORHAT {1H1,Lu4Y,

FILE,//20%,2014/ /)

5C3 FORMAT (I10,3F710,

505 FORMAT (20%,
MAS, /20K, TTHINCLINATY

1F7.1,5H

510

ST1Z0FORMAT (17H0BODY

POINTS,U4X,9HINTENS ITY,
1F12.5,40

.

Dufja ,qz‘;yﬁ{i

3,710,

TTHTOTAL

DEG,, /20X, 6HSTRIKE,F7,1,

130

32H

)

=]

@]
i

F10.

3,1

G~

CHN,

FORMAT{ I10,3F10.3,110,F10.3)

SEGHMINT N

=

<
4=
s

-

ENY A, TTHINCLINATION,F7. 1,54

250 DEG. ,//)
513 TORHAT (30H BODY EXTENDS IO INFINTTY P,F7.1, 50
DEG. ,//)
STLOFORMAT (9X,THX, 9X,5HDEPTH, 9%,1HX, 9X,5HDEPTH, 9X, 15X,

9%,
15HDEP TH, /)
515 FORMAT (7F10.3
516 FORMAT{6F12,2)
517 FORMAT {F10,

518 FORMAT(1H

1 15X ,5HHD

519 FORMAT {10X,15,4 (F15

i

ND

3,5710)
+// 10X,

RIZ ,15%,

JE6.0)

JHSTATICN ,8Y,6HX

IST, 14X, SHYERT,,

SHTOTAL,8X ,17HOBS ERVATIOR LEVEL, /)

o2 ,5%) ,5%,F10., 3)



NE o
OR TUHC

SUBROUTINE

TER., THE OEDINATE
ACROSS THE PAGE, A
C DOWHN THE PJ
MAY B 175.0

INTEGER

Dot

DOT,BL

R

ITE (¢

S ]

TORMAT

(?’]9

CALL AWT

N (Y1

oo
::"4
e
. ™

X (v2,

ALL AHIN(YZ,

AHINT (Y

IF{AMFL.GT.10,0)

PLOT (X, ¥

TON LINE{120),Y1(KP),Y

AMAX{Y1,N

101

1,Y2,8P) C s UBROUTINES

A IS OF UNLIMITED

pt
&)
=
@
b3
o

NIBBER OF

POINTS AND THESE

INEVENLY SPACED ALOW

e

Tj }.{L

@]

SHOULD ENS

C QUERIES 70

Be W

NEWCASILE U, C

,BLANK, PLUS

X (NP) , XX (1200)

5, 9200) NP

ANK,PLUS/¥% ¢, ey
15%, *NO, OF POINTS EQUALS',I4)

IP,Y18AY)
SNP,YTHI N
NP, Y2HAX)

P,Y2NIN)

BAX-YTIMIN

BIN)

Li i

TMIN,Y2

0 TO 8218



TP{(AFPLLLE, (10, 0%% (2~H))) .AND, {A4D
GOTO Y216
CONTINUE

Y21H YHIN=YHTNNXTIN, Okl
210 YULN=YHIHN U U 1

DO 9212 J=1, NP

Y1 (J)=Y1{J) %10, 0%%p

Y2 {J) =Y¥2(J) %10, Cxxp
9212 CONTINUE
9218 SCALE=(ANPL/80,0)+1,0
WRITE (6,9113) ISCALE

9113 FPORMAT (15X ,"ORDINATE DIVISIONS ARE

=
b4
&3]
(9]

s LH)

NNP=N D~ 1

DO 9104 J=1,NNP
XX A(JT) =X (J+1) =X (J)

CA

[

L AMIN (XX, NNP,XXMIN)
WRITE (6,9118) XXNIN
FOFRMAT (15X, ABSCISSA DIVISIONS

UNITS')

0 BASE=={YHIN/ISCALE)+20.0

[Xe
-
]
O
-

DO 9101 K=1,120

4

3101 LINE(R)=DOT

o

YRITE (6,9102) (LINE {JJJIJ) ,dIIJd=1,115)
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103
9102 FORMAT(' ',8Y,12011)
DO 9103 K=1,120

9103 LINE(K) =BLANK

DO 9105 J=1,up
K1=BASE+Y1({J) /TSCALE+(,5S
K2=BASE+Y2(J) /ISCALE+C(, 5
IF{K2-K1)9106,9107,9106

9106 LINE(K1)=PLUS

9107 LINE(X2)=DOT
IF(J. BE. 1) GOTO 9110
HRITE (6,9108) LT NE

9108 FORMAT (' *,8Y,12041)
GOTO 9111

9110 ISTEP= (X (J) X (J=1})) /XKHTN+0, 5

DO 9112 L=1,I5TED
9112 WRITE (6,9108) LINE(1)
9123 CONTINUR

WRITE (6,9108) LINE

9111 LINE({K1) =BLANK

9105 CONTINUF



(a1

(X, N, XATN)

IT(X(KP) = X (K0))2,5,5

AMIN

= X (KP)

KQ =1
IF(XKQ =-1)3,4,4

IF (X(KP) - X{(K0))2,5,5

IMAX = X {(KP)

RETUEN

ZND
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