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PAT GROUP, ATLIN, M.D.

may 19, 1967
C, B, Selmsar, P. Eng,

JHEIRODUCTION:,

Thass surveys were made over an ares of mors than 156 claime
in the Atlin Mining Division, 13 miles sgutheast of Tulseqush, B.C. The
area sncompassse a rectangle vhose sides are 3.2 by 3.8 miles and s sit-
uated at the international boundary between Alsska and British Colimbia,

Access to the sres consists of a gravsl road from the Trans-
Canade Highway at Whitehorss to Atlin, B. C. From there transportation
must be made with an sirecraft to an smergency flying fiald neer Tulseqush,

Living accommodetion was provided for the survey party at the
Polaris Taku Mine under the caretskership of Mr, £, Feldean, Tha heli-
copter used for the survey was also based at the mins with encugh fuel
for the survey dumped at the airetrip.

The route flown Prom the mine to the property followed the
Taku River valley to ths Sittakanay River valley. The aircreft then
turned esast and flew between Sittakanay Mountein on the north snd ¥reight
Peaks on the south., At the parting of Sittakansy Clacier a turn sas made
to the south and ths property was reached at the heed of the glacier.

oRK_SWIRARY:

The work commenced on the 7th of May in the morning and a 2

hour flight was made on the proparty. The next Plight was made in the
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afternoon for snother 2 hour period. On the morning of tha 8th of May
another 2 hour flight was made snd the airborne magnetometer survey wae
finished., At midday snother 2% hour Plight wes made at which tims the
airborne magnetometer survey waa made., The crew was at tha mine on the
6th of Moy btk only one short reconneissance survey could be mada be-
fore the weathsr detsriorated,

Three daye, May 3, 4 snd 5 were spunt soving personnel and
supplies into the srea. Maey 9th was used to ehip equipnent snd pex-
sonnel back to Vencouver, which is the bess of operations of the sure

vey company,

CONDIYIOKE OF THE SURVEY:

During ths first part of the survey, when the magnetic sure
vey wvae made, high winds ware encountsred over tha sutvey area, This
made flying conditions for a flight alevation of 100 fast sbove the
torrain very difficult. On the last lsp of the survey the weather was
wery clear and wind conditions were very favourasble.

The elevation at the fork of the Taku end Sittakenay Rivers
ig ashout 250 Peet above mean swa level, while the devation of Mount Dge
den is about 7,500 fest., Elevaticne throughout the area are exceedingly
steep, wvhich made i1t oblioatory to ues a helicopter as ths transport

moedium,



JN6 TRUBE: TATKON

The magnetometer ussd wes & type 592 ELSEC Proton Begnets
amstar menufactured by the Littlemore Scientific Erginesring Company,
Rajilway Lane, Littlovore, Oxford, England, Thie instruset has s yarge
of 24,000 $o 70,000 gemme and o sensttivity of 3 0.5 gamas, This, bee
ing & proton type instrunent, misorientation srrors are st & sinimsy,
which ie ohligatory whon flying sn sirzborne survey in mountaineus countey.
This instoupent resds cut the tolal magnetic intensity of the earth's
fiald, which in the aves flown wss approxinately 54,000 geme,

The slsctremagnetic inetrumentation coneisted of a recetiver,
sarphones and search coil manufectured by €. J. Sharpe Instnuments of
Conada, Limited. Tha gaussed rotor of the aircrefi furnished the trene.
mission field for producing sn sudic slectromegnetic eignal. This teche
nigue is mply dessribed in the referance attached to this report by the
suthor,

SENERA, GEQMOSY1

Tho youngeat sodimentary rocks in the arse sre ths Stuhint
group of Upper Triaseic aga. Theess consist of variocus sadimentary types
containing volesnic endositos, Tha top 500 feet of this greup contains
Tuf'?, greywacks, argillitn, sandztone, and conglomarate, The lower part,
shich is credited mith o thickness of 2,000 to 4,500 fest, dominently
conaliste of greymmcke, tuff, wolcenic brecoia, snd ondesite low yooks,
These beds are prominently displaysd in the northesast corner of the arm.

The Stuhint group e underlain by Pemmion limostone neds,
shich have chert inclusions and have been silicified in plsces by altere
ation producte,



The contact bstwesn the above groups is an unconformity.
At least 5000 fset of the King Selmon aroup sppears to be miasing.

The main intrusive fock {n this ares is a quartz monxonite
of lats lower Cretacepous or sarly Uppsr Cretateous age. Thies hes forme.
ed into good sized batholithic bodies with mumerous satallitic apophysais.
This intrusive has wellwd up from desp levels stoping into the sediments:
lsaving psndants of sedimsntary rock suspendsd in the former melt, These
features ars very typical in the development of mineralized smplacements
of sulphides.

In the moraine material in the valley, just north of the
area, thare is found Molybdenum sulphide, laad and zinc sulphides and
calcopyrite associated with quart: carbonate veins, The mineral sequance
given by Dr. F. A. Kerr (1) is that pyrits was the first minsral deposit~
8d in messive shoots and disseminated grains., This sas eccompanied by
fluorite and chcite with quartz and albite. Thers followsd & sequencs
of mineralization, which included chalcopyrite, galena end zinc blande.
This often replaced the pyrits and some of tha gangus minsrals,

Some acidic dykes wers sesn to cut the sedimentary recks.
Their main constituent mimerals are quartz and albite. Ths alneralizat.
ion sometimes cuts thess structures fomming chalcopyrite end gmlena de-
posits.

A largs rsgional feuli sssms to cross the area in an saet
and wect direction., Since most of its length is covered with ice, it

will be hard to trace in the erea,
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ne. Go A, Nosl {2) concludes that guld depoaits that will
be found in this district will be nssoclated with the volcenlc sadi-
montary belts of thalmmznic sra. Copper dapoajits, howsver, mill
be Pound in the Paleozoic rocks along bedding plans shears and in the
proximity of intrusives of Mesoxolc sge.

There ars no iron deposits present in this arsa. The low
magnatic intensity changes verify this conclusion.

SEOPHYSICA, INTERPAETATION:

The magnetic changes dencts for the moat part the smount
of magnetita coniained in the various rocks ss sccessory minerale.
then & ascond derivitive calculetion is made of the ambisnt totsl mage
netic readings a rouph detsmination of the rack types found in the
survey arse can ba msde. The laboratory detemmimmtions (3) Por the

rocka of this arss are as follows:

(K) Suscabibility
Granite C.g.8. Units pgr
9.5 X 10=3 Cm,
Andesits 1.6 X 103 » o
Sediments 106~ 4o 1073

It is readily seen that the ssdiments are nonemagnetic; that
the volcanice are moderaztely magnetic and that ths acid intrusives ars
part way betwsen. Thasa properties slong with the mathemstical analyais
ars the bosic means of diffsrentiating the types of rocka. Zero contours
will denote possible contacts. Plus values indicate wolcanic rocks and
minus values of 0 to -100 gesma denots granite intrusives., Minus valuss
of ~100 to <200 gemmus dencte sedimentary rocks.
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It must ba remembered when using an interpretation of this
sort that often the sedimentary rocks may be grasetly altered and gran
itized by the snveloping intrusive rock, This most likely is the casse
in this srea whers pendants of sedimentary rocka are immersed in the
plutonic melt. |

Uith ragard to the electromagnetic survey, the tonal sf-
fect and change noted on the tape when played back in the oscilloscops
shows that certain areas are more conductive then others. The out-of-
phase condition of the routs suxvey is asbout 30 slecirical degrees,
whila the out~of-phaass rslationship for ths conductive areas is nearly
zero electirical degress. At many of tha locations shearing snd gossan
offects vers noted. This could mean the prssence of sulphide minerale
jzation. Other alternativas could be wet bolder clay or graphits,.
Only follow up ground work will prove or disprove the locations,

The dash and arrow lines ars the patha followsd in the meg-
netic surveys, The electromagnetic path only includes the outcrop arems
and has twice the density of control. The magnetic control has been used
to denots posaible boundaries for the intrusives (1), the sediments (3),
and the volcanies (5). All rsadings have been read within 100 feet of
the surface.

The magnetometesr was also run to and from the area to estab.
lish the magnetic datum and to givs representative values over knomn
rock typss in the immediate area,

The intrusive in the northwest corner of the map area is e

continuation of a large batholithic intrusive covering most of the
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tizight Peaks mres. The Volcanics in the northeast corner of the map
srss includes s large ares covering Sittsksnay Mountain, The contact
with the limestons sediment i sasily visible on the ssrisl photographs.
A satallitic body of quartz monzonite (s found in the scuthwest part of
the map ares apd a larges mass of limastons is pendant into the intrusiva.
The 3 slactromagnetic angmaly locations shown in this satslliitic ine
trunive may be deposits of molybderum sulphids. Ths anomalies in the
large sedizentary deposit of limsstons are most probably replecemant
deposits of lsad and zinc. The snomalies found in the wolcanice are

more apt to be vain deposits of quartz contalining copper sulphides,

TOTA. WAGNETIC VARIATION MAPs
The ambisnt input veluse on thie map have besn calculatsd

by drewing profiles across the sedimentary axis and uaing the valuss
from the magnetic tapes. This distributes the control svenly over the
aren, This may aleo be performed by the I8 calculator to give a least
asquares it for the data. The sighth mile corners are ussd for input
data to the IBM calculator to give s sscond derivitive map for the aree.
Negative high values ara colorzed blue and the positive high values ars
coloursd rad. |

SECOND DERIVATIVE MAP;

The second derivative mep has besn calculated on the 18N
system using the eppropriste formula. All of the zero valuss on the
Total Magnetic Variation Map have been carried forwerd and only valuas
dealing with the sedimsntary and volcsnic ssparations are figured and

sntered on the map,
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The confiouretion of the separations between the facies
is represantative of a desper medium then that illustrested in Fig, 2.
The lattar gives the sctusl photo intsrpestetion of the outcrops.
The configurstion of ths present mep gives structural reprossntat-
ions which are indspendent of surfecs conformwation,

The fault zons depicted in Fig. 2 is confirmed on this
mep and in addition some folding awes sre developed in the north and
south raglons of the mep. The intrusive appsars to have entersd the
ares from the cast snd west sides snd to have intruded e satellitic
neee in the southern sector. The largest sedimentary sres {s pendant
near the centre of the sres., The volcanics srs infolded in the north
snd south portions being srrosional reminents situatsd in synclinel
folds,

LONCLUSION:

The (M) slsctromsgnetic anomalies sre thought to be re-
presentative of arems shich might produce deposits of molybdenite.,
The {LZ) snomalies may be replacsment zones in the limestons of zinc
shd lead minerals, The {Cu) snomelies ere probably contact zones in
mineralized quartz carbonate veins with copper minerals,

The feult rxone prabably dipe steeply toward the north
snd tha sedimentary contscts dip eithar northeest or scutheast with

shallow gredisnts., The shenr zone ssems %o be nearly verticsl,

BECOMENDAT]ONS
(1) Thet drilling be dons from the shesr zons towerd the

vest working slong the ridge and including the three £ snomalies in

ths intrusive satellite and sny gosssn srees.



(2) That all of the replacement zones in the limestone
sedisents bs thoroughly prospected using the EM locations as a guide.
Uhere werraented thess zones should be drilied.

(3) That all of the contect zones {n the andesite vol-
canics be prospected for coroer showinge, This would include all of
the ridges in the northwest psrt of the ares.

{(4) Thet acid dikes be prospected in the ssdimentary zones

for fracturing end the deposition of the slbite quartz veins,

Respectfully submitied,

GEDO CAL LIRITED

C. 3 Relieoe—

C. B. Selmser, P, Eng.
Chief Caophysicist
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New Primary Field

Electromagnetic Aerial Survey

PART I

HE author while making installa-
T tion tests on a 47G-3B-1 Bell heli-
copter discovered an interesting pri-
mary field developed by the rotors on
this aircraft. It was found that this
field is adequate for searching near the
surface of the ground with an operator
using an electromagnetic search coil.

This primary field has an effective
size to reach at least 150 feet below
the elevation of the search coil. It also
has an approximate frequency of 1000
cycles per second, which provides
maximum penetration into overburden
and rock material to a depth of about
100 feet.

Search is made in mountain country
by flying lines along contour levels
and on more level terrain with a paral-
lel configuration, With the aircraft at
a 50- to T5-foot elevation above the
terrain the path covered is about 100
feet wide.

Transverse L
Field 7~ .

Search Coil
Fig. 1

PRIMARY FIiELD

47G -3B -1

BELL HELIOCOPTER®

By C. B. SELMSER, P.Eng.

Practical Theory

A careful examination of figures 1
and 2 will show that because of the
shape of the rotor blades on the air-
craft, two distinctive fields are gen-
erated when the rotor is turning.
These fields are generated from eddy
currents in the rotors as they turn
rapidly across the earth’s magnetic
field, which in northern latitudes is
nearly vertical to the earth’s surface,

An elementary study of physics tells
us that a conductor cutting across a
magnetic field will generate electric
current. If this current is not drawn
off then eddy currents will form and
a secondary field which has a fre-
quency depending on the speed of the
rotors will be developed.

Since the two blades are turning and
will reach opposite sides of the shaft,
the currents and thus the field will be

U
R EEEERE S
\

A X

4
Rotor Field ="

'-\‘,1,/ Field -
d

changing direction with every revolu-
tion of a blade. The blades rotate at
a speed of 320 rpm and since there are
two blades the primary rotor field has
a frequency of approximately 10 cycles
per secend (100 and 1000 cycle mul-
tiples),

The blades which are made of alum-
inum alloy are long and thin. This
shape promotes a rotor field, which is
normal to the flat surface of the blade.
Ag the blade turns, the field which is
effectively about 150 feet in radius,
forms a conicle shape. A second field
is built up transverse to the rotor field.
This field as it turns with the blades
forms a sphere shaped configuration.

When the rotor field comes in con-
tact with a tabular orebody it sets up
a secondary field from the conducting
orebody. This field then joins the
transverse field to give a resultant

Patent applied for.
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/
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field direction that is quite different
from the original and now no longer
perpendicular to the axis of the search
coil. Thus out of phase harmonic mul-
tiple signals are picked up in place of
the secondary field.

The Detector Coil

The operator sits in the seat beside
the pilot and holds a gearch coil with
its axis vertical. Attached to the tuned
coil is an audio amplifier. Thig is in
turn attached to a pair of headphones,
which the operator wears over his
ears.

The audio amplifier, which is tuned
to a signal of 1000 c¢ps has a gain switch
and a feedback squelcher switech. The
gain switch is regulated so that the
signal is just audible when the coil is
held with its axis vertical. The squelch-
er circuit is adjusted so that only the
1000 eps signal goes through the ampli-
fier,

When the aircraft is flown close tc
the surface of the ground without a
conductor present the field signal will
have minimum amplitude. When a con-
duector is present in the rotor field the
signal strength will snddenly increase
in amplitude warning the operater that
he is crossing a conductor. The air-
craft then hovers over the spot until
the observer has investigated the
change in signal reception.

Tests Made in the Field

1. Tests were made for extraneous

fields inside and outside of the air-
craft.

2. Tests were made of the rotor and

transverse fields inside and ocutside
the bubble,

3. The aircraft was flown at various

elevations over the observer so
that he could measure the ampli-
tude of the rotor field at the vari-
ous levels.

4. A known external field was mount-

ed below the rotor using a motor
generator set for power, Tests were
made both on the ground and in the
aircraft, and while the aircraft was
airborne. This enabled the author
to study the relative strength-of the
magnetie field,

5. Tests flown over Keno Hill ore-

bodies gave positive verification
with orientation changes of 10
degrees.

Conclusion

The primary field generated by the
47G-3B-1 Bell aireraft may he used for
reconnaissance electromagnetic sur-
veys. The search is not as deep as
some ground methods, but is deep

enough for bodies exposed in outcrops
or under light overburden. The method
is as effective for finding conductors
as the self potential method, but with
greater speed and mobility.

It i8 obvious that since the method
can be used in an aircraft such as this
it is very adaptable to surveys over all
kinds of terrain. The survey requires
no line cutting and coverage may be
done rapidly and with as much detail
as required.

Cost Relative to Ground
Methods

The survey which is continuous in
nature may be flown at a cost of $12.50 .
per mile., Surveys on the ground could
cost as much as $100.00 per mile in
very rough and inaccessible loeations.

The cost of the aircraft, which in
most cases amounts to $3.00 per mile
is much less than that for line cutting,
Line cutting and marking costs usually
amount to $40.00 per mile.

The total cost of the survey then is
$15.50 per mile. This means that the
claim is totally covered with continu-
ous reading on lines 100 feet apart.
The equivalent cost on the ground
would be $250.00 with readings 100
feet apart and lines having a 200-foot
separation.

Electromagnetic Aerial Survey

INCE the writing of the last article
S on this subject, the principal of
thls airborne EM method has been
tdsted on many ore occurrences in
northern British Columbia and the
Yukon Territory. Alse the techmical
aspects of the method have heen over-
hauled and conclugions have heen
made to make this method much more
effective than was first thought pos-
gible.

Recordings have been made on mag-
netic tape, which have been played
back on the oscillograph to study the
wave form of the signals. Records were
made over both very mountainous and
less rugged terrain to discover what
effect odd angular reflections would
have on the signal. Many recordings
were made over known ore occur-
rences and ancmalies found elsewhere
were agssessed by surveys on the
ground.

The receiver has also been tested
for the tuning qualities of the eireuits
and the ability of the circuits to filter

ouft the correct signal strength and
quality for the purpose of the survey.
A portable collapsible coil has been
added to strengthen the earth’s mag-
netic field to many times its natural
vaine. This increases the signal
strength of the various multiple har-
monic signals produced by the rotor.
By adding automatic frequency filter
systems any desired frequency can be
locked in and used to vary the depth
of penetration of the andio wave en-
ergy.

The operator now records all sur-
veys made on magnetic tape so that
they can be later reviewed by the geo-
physicist. This not only provides a
cross-check on the survey method, but
enables the geophysicist to more in-
telligently interpret the anomalies and
advise the operator on further ground
surveys used to check out these ano-
malies.

Signal Characteristics
In the photographs taken of the re-

PART 1l

play of magnetic tapes on the oscillo-
graph the modulated signal is com-
pared with a 1000 cycle per second
signal, which has been driven through
the receiver, In the three comparisons
please note the harmonica of the sig-
nals in examples 1, 2 and 3, while in
photograph 4 there are no harmonics,
but just the pure modulated signal.
Photograph 2 shows merely the in-
phase and out of phase relationship of
a hasic signal.

Photograph 1 shows many out of
phase harmonics of the signal, which
give a very rough sound to the signal
in the earphones. This is the- signal
heard when the aircraft passes over
terrain which contains no conducting
bodies,

In photograph 3, the aircraft is just
entering the influence of a conductive
body, and is not yet in close range.
Some of the harmonics which are
closely in plidse” with the signal are
still present.

In photograph 4 the aircraft is flying



directly over a conducting ore hody
and all out of phase harmonics of the
zignal have disappeared. This condi-
tion gives a very clear tone in the ear-
phones, which is quite distinguishable
from the usual harmonic ridden signal.

The moduolated signal shown in the
fllustrations have an approximate fre-
guency of 876 cycles per second. The
actual signal from the rotors will be
less, but must be greater than G600
eycles, which is the lower limitation
of the osclllograph setting.

Theory on the
Rotor Signal

In the previous article it was ex-
plained that a preliminary sine wave
signal from the rotor would be oscil-
lating at 10 cycles per second, which
of course iz below the audio range.
Now in addition to the earth's mag-
netic flux the rotor iz turning through
a 10 cycle per second pulsating field,
which is tuned to the pulsations in
the rotor from the eddy currents. This
is the same condition that exists in a
Goldschmidt alternator, which is used
to producs high frequency wave éner-
gy. In this case a frequency multipli-

cation iz made when the blades of the
rotor turn at a synchronous speed to
produce a 100 evele per second szignal.
This signal is in the audio range, but
has not a frequency great enough for
the best signal ranging in this type of
survey, If the receiver used is tuned to
regonate at some higher frequency
such as 1000 cycles per second, which
may be generated by the rotor in a
higher frequency environment, then a
more correct frequency value may be
nged in the survey.

The only additional factor, which
must be considered is the increase of
the signal stremgth. to an amount,
which will allow ample penetration
into the overburden and rock layers
where conductors will” be discovered,
This also must be done without adding
any great weight factor to the air-
craft. This goal has been achieved by
using a flexible coil of over 100 turns
and introducing direct eurrent into it
from the aircraft’s service aystem. The
area of this coil iz adjusted so that it
fits between the landing gear struts
of the aircraft, This coil then is cap-
able of providing a preliminary direct
field of approximately 20 gauss. which

iz 40 times the magnetic field strength
of the earth's vertical component.

Since the orlginal penetration was
considered to be 150 feet below the
elevation of the search coll when the
receiver was tuned to a working fre-
quency of 100 cycles per second, it
follows that with the increase of the
working frequency and the field
strength a much greater penetration
will be achieved. The isotropic condi-
tion of the transmitted signal will also
overcome conditions of misorientation
weaknesses In detection, which effect
other methods of EM detection.

The anisotropic response to the pre-
sence of a conductor in the rotor field
span is subject to the return of out of

phase signals from the conducting
body itself, These are notably weak in
other methods of EM detection where
a signal of low energy is evolved from
the transmitting coil. By using the al-
ternator principal of the rotor field in
a high primary field strength, several
watts of power may be generated.

It iz guite possible that penetrations
into the bedrock and overburden would
now be over 1000 feet from an aircraft
with the flexibility of a helicopter.
This can also be done without a weight
factor greater than ferrying a passen-
ger and his baggage. With the charac-
teristics of the 47G-3B-1 Eell helicop-
ter or the Hiller very rough mountain-
ous terrain may be surveyed quickly,
economically and safely.

Ore Bearing Provinces

Mayo District, Yukon Territory
Vangorda District, Yukon Territory
Rozs River District,
Yukon Territory
4, Watson Lake Distriet,

Yukon Territory
5. Taku District, Britizsh Columbia.

Ed BS

The areas flown over involve sev-

eral thousand miles of line. In every
case the anomalies have been assessed
and found to be caused only by con-

Flown Over fo Date

ducting ore bodies in the bedrock, This
has been done during the past six
months by one operator who having
avoided using time for installation of
instruments has used this time in
checking results on the ground. He
has heen closely supervised by several
other engineers besides the author
who are generously enthusiastic about
this method of survey.
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