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I have been somewhat remiss lately in keeping you informed of our activitles,
The maln reason is that it has seemed best to get in as much field work as
poesible before the really cold weather comes. We have not had eny bad weather
yet, excepting one cold, windy spell while we were on Deadwood Creek.

We returned from the Circle District Sept. §5;:ﬁgiked about & week and a half

on Happy Creek and around Fairbanks, and have been running & magnetic survay

on Bedrock Creek, tributary to Cleary Creek, since Oct. 6, While we are out

here we intend to spend & few days running traverses over some of the granitic
outcrops around Pedro Dome to ses if they can be outlined by means of the magnet-
ometer,

The geoscope was used as much a8 possible before freezeup, as winter conditions
will necessitate some changes in the outfit, as well es some experimenting %o
determine if it is practical to use during cold weather. Ervin Bramhell, Professor
of Physics at the U. of A,, has promised to lend us a more sensitive galvanometer
to replace the one we have been ueing, which is not sufficiently sensitive for

use on snoW covered or frozen surfaces, 1t will be necessary to mix some sort of
antifreeze with the copper sulfate molution in the non-polarizable slectrodses,

end devise a method f£my to prevent the batteries in the geosoope from freezing.
For the latter I had thought of trying hanging some pieces of wool blanket around
the sides of the instrument, long enough to reach the ground, and hanging a smell
0il heater or Coleman lantern from a hook fastened under the planetable tripod.

A thermometer stuck through the instrument panel will tell us how much heat to
apply. I think that dry celle will function in temperatures above 15OF, oY there-
aboute, #0 & great desl of nheat will not be necessary, especially if the instrument
{5 warm st the etart of the day. For permaneht winter operations a smell motor-
generator set probably wuld be the best source of curreut, but the method proposad
should be satisfactory and won't cost enything for new egquipment. Metho@a.elmilar
to those We are using have never been tried out under cold weather conditions, %o
my knowledge, but they ahould woric. In some respects results may bg better than
those obtained during the summer, as surface conditions will be qu1t§ uniform.
Incidently it will be easy to deteymine the depth of temporary, or winter frost

by resistivity methode.

I enclosing a lettsr from Mr. Gebhardt, Observer in Charge at the Sitka Megnetic
Obzﬁrvatory, fn which he mentions the poseibility of the C. end G. Survey estiblieh;
ing an obaervatory in the interior, and also anething about a portable magn; ograp
which they are developing. Some method of obtaining & continuous record of the
fluctuations in the earth's magnetic field intensity would be a great ald to mag-
netic prospecting in the interior. At present We chegkhhourly to a.base iﬁationd .
during magnetic surveys. An observatery in the vio}nlty woulq e}imlnate ednee ng
this, would enable wmore accurate corrections for‘dlumnal variation to ?e made, &
would permit work to be carried on during more disturbed magnetic conditions.

Survey was considering establishing an observatory at the

A year ago the . and G. 4. Last winter in Weshington I heard that

U. of A., but the plen apparently was droppe
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the unpleasant experiences of the Biological Survey at College sort of made the

G: and G. Survey wary of establishing themselves thsere. I wonder if the Dept. of

Mines aould cooperate in gome way in helping to bring an observatory to the interior.

Perhaps 1f they understood that besides getting data that they need they would be

aiding other geophysical work, they would take quicker action. t o
a netre an

8ince @eeing you last we finished up on Portage Creek and raﬁﬁrgaistivity surveys

on Deadwood and Mammoth Creeks in the Circle District and on ﬁappy Creelr in the

Fairbenks District. In addition, deep resistivity runs were mads on the Circle

Springs airfield and on a field of Bentley's Dairy near Fairbanks. The firat indicates

thet what is probably the Tertiary conglomerats extemde from depthe of from 90 +to

110! feat, to at leamst 520 feet deep. The Feirbanks test gave no indication of bed-

rock at 600 feet, the greatest depth reached. I would like to make some additional

déep runs near Falrbanks, where the deepest wells reach below sealevel but have not

hit bedrock. Two days were spent investigating the very high surface potentials that

are alwaye found ian ground covered with moss and peat, Samples of moss were taken

for subsequent determimations of theib acidlty.

The results have not been worked up in final form, but the resistivity worlk on
Portage, Deadwood and Happy Creeks gave good resulte that checked with known condi-
tlona, On Memmoth Creck the main bresk appears to be at the base of the frozen ground
rather than at the top of bedrock. Possibly the breeak at top of bedrock will show up
better when the curves are subjected to mathematical anelysis, but an offhend inter-
pretation, with'mo drill logs to check against, would place all depthe several fest
too great. With occesionel drill holes for checking purposes, I believe that Mammoth
Creek could be profiled fairly accurately. Good magnetometer results were obtained

on Deasdwood and Happy Creeks, with clear cut agreements with knowm values. On Menmoth
Cresk there is general agreement with drill values, but there are a number of die-
cropencies., That is, individual drill holes may show low values where, the meagnetic
survey indicates good values, and vice versa. Thess discrepencies may:ﬁue to the fact
the Mammoth creek gold ie coarse and of spobted occurrence. The A"'airplane drill
used to prospect the creek could not be expected to give accurate results in each
hole, althoughithe averagse valuea as determined by drilling might agree with recovered
values, Onfﬁ ?tage Creek the pay is scatitered, according to drilling and magnetometer
resulta. A Line run on upper Portage where the pay is said to be more confined, gave
results that agree with ihe prospecting data availeble.The small magnetic enomalies
on Portage Creek indicate that positive magnetometric results ars more difficult

to obtain than on most of the other creeks tested.

To date the following creeks and areas have been tested by magnetic and resistivity
surveyas Ester (resistivity only), Wolf, Rappy, Cleary Hill,Livengood, Hess, Portage,
Deadwood and Memmoth. In conmection with the magnetic work samples of gravel and
bedrock were taken wherever posaible for subsequent quantitative determination of
magnetic mineral content. Resistivity work aleo has been done on problems that are
of indirect importance to proepecting imcluding (1) etudy of frozen end thawed muck,
gravel and bedrock in order W debermine conetants or typicael resistivity values for
various types of deposits, (2) determlnation of existance and depth of underground
water, (3) delineation of frozen and thawed ereas (4) trecing buried sewar pipes
(5)study of abnormal earth currents in moss covered ground and in arsas of alternately
frozen end thawed overburden and (4) desp tests to determine depthe of overburden

jn the Tanena velley near Feirbanks and in the old Yukon valley near Cirole Spriungs.
A emall emount of magnetic work also has been done on faults and igneous intrusions.
A good part of the work cutlined above necessarily has bee§ of a preliminary nature.
The main effort at this stage of the work has been 4o obtain a conception of the
extent to which magnetic and reaistivity methods may be applied to the solution of
problems related to prospecting, rather than to make an exhaustive study of any ons

problem. I believe this is in accord with your plans.

up all of the results, the magnetic work

Although we have not yet been able to work
gome conclusions drawn as to the extent

can be evaluated in a preliminary way and
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to which magnetometric methods may be applied in,prospecting. On Dsadwood, Memmoth
s Livengood and Happy Creeks magnetic anomalies of from 30 to 200 gammas were
obtained. These may be classed as moderate sized anomalies in placer work in interior
Alasgka.They are directly related to concentrations of heavy placer materials; thus
these creeks should be relatively easy to prospect by magnetometric methods. On Wolf
end Portage Credcs the enomalies were smaller but are directly related to the placer
deposite. The measurement of amall anomalies requires greater accurscy and detail,
The work on Hees (redc gave negative results, which agrees with the available pros-
pecting data. K

. From this season's work, as well as from past work, it appears that khe majority of
the placer deposits of interior Alaska are amenable to prospecting .by magnetometric
methoda., The magnetic anomalies are in general modsrate to small, but are readily
measurable by meens of existing magnetio field balances. Placer deposits that probably
cannot be outlined by this method are those that are very deep and at the same tims
contain & relatively emall smount of magnetic sands., Occeelonally, large magnetic
anomalies reglated to changes in bedrock are encountered. These may be separated Ffrom
anomalies due to placers by dstailed megnetic work and by correct geologic interpreta-
tion. Apparently all placers contaln some magnetic sands, but the amoynt may vary
greatly in different deposits, The size of the magnetic anomaly is direotly propor-
tional ta the amount of magnetic material and lnversely proportional to the squars

of the depth of the deposit. Thus,shallow creeks will in general give bettser results,
but ground up to at least 260 feet deep can be prospected if there is a definite

pay streak. The depths on Happy and Livengood Creeks are from about 100 to 120 feet,

and very good results were obtained.

As is well known, the mafin advantage of the magnetometer method lies in the rapidity
with which a given srea can be covered. From 30 to 50 stations per day of magnetomet-
ric work ¢an be occupied with our present equipment. Ths average number of etations
per day of total elapsed time will be from 15 to 25, This includes preliminary
examinations, brushing out end surveying lines, calculations and report. The speed
can be increased about 60% by using a separate basé instrument, Subsequent checking

by drills or prospect shafts is necessary, but the amount of this type of prospecting

usually can be greatly resduced.

The main difficulty attending magnetic prospecting in Alaska is that due 1o magnetic
etorms., Because of tne relative proximity of the north megnetic pole, irregularities
in the intensity of the earths magnetic field are more frequent and of greater mag-
nitude than in lower latitudes., During megnetic storms fluctuations in the field in-
teneity occur over periods of a few dwyuxta hours to a day or more. As the Fluctuatiams
often are quite rapid and irrsgular, and nay he of greater maznitude than the anom-
alies to be measured, it is impossible to obtain correct results during thesex per-
iods with the equipment on hand. During the summer, magnetic storms have occurred

on the average of about once a week., They usually are less frequent during the wintexn
and siould decrease in frequency and intensity during the next several years, corres:
sponding to a period of decreasing sunspot activity. When the maghetograma are r—e-
received from Sitka, some idea may be obtained as to the number of daye during which
unfavorable magnetic conditlons may be expected tp prevails,

When conditions are normal there is a small, fairly regular diurnal variation in the

earths magnetic field intensity. An epproximate correction can be made for this byd
ing lv to = bese station, during a megnetic survey. By using a sécon
e cbon: sonven 4 o base station, to record diurnal variation,

magnetoneter, conveniently located &
t:% neoessit§ for frequent checks is eliminated, and measurerents can alsc be taken

during disturbed conditions, provided the disturbencea are not too violeut. A megnet-
i¢c observatory within 50 to 100 miles of the work would serve‘theAsame purpose. The ‘
magnetogrems from Sitka give e check on magnetic storms but the distance le too great
to indicate minor fluctuations in the interior.

During megnstic stoims, fluctuations in the emrth's field inteneity often are too it
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rapid and irregular to permit corrections to be made from a hase station instrument

A me@hod Thioh I have used for very accurate work could be used up here during n -
storme. I3t Foneiste of taking simultanecus observations with {two similar instrumgits
set up gt tng station interval used, say 50 to 200 feet spart. A simultansous sét

of readlpgs is obtained, the rear instrument is moved ehead the dssired distance

mt the instruments are again read simultansoualy, and the treverse continuea by,

the rear‘inat?ument leapfrogzging ahead after each set of readings. In this manner
flugtugtloms in the earth!s field ere eliminated and variations in inteneity due to
¥ar1etlons in magnetic susceptibility of the underlying materials are megsured direct-
Ve

Any %dditional investigations should be along the following linest

{1) Field work to obtain more dats on the localities where magnetic methods may
be applisd to placer proaspecting, and the extent to wnich 1t may be relied on. This
would include wmagnetic airveys to determine placer and bedrock anomallies, collection
of gravel and bedrock ssmples and areal and structural geologic studies for the purpose of
checking and correlating magnetic interpretations.

(2) Rough quantitative determin:tions of msgnetic mineral-gold ratios in various
perte of the same placer deposit, as well as in different deposits, %o calibrate!
magnetometer results and to determine more as to the reliability and accuracy of this
criterion.

1(3) Rough quentitative determinations of magnetic mineral content of bedrock
sanples.

¢4) Study of the extent to which thkm megnetic method can be used to outline
structural features, as faults, contacts, veins and intrusions,

(5) study of coste and the extent to which drilling and shaft sinicing can be
eliminated in placer prospecting.

A good start has been made aiong all of thesse lines, although leea has been done
on (3) and (4) than on the athers. .

It is more 4ifficult at present to evaluate the resistivity work, as there are more
theoretioal considerations to teke into account then in the magnetic work, and as

we have not had time at night to work up the results into final form. In genepal, depils
to #conformities can be determined with a reasonable degpoe of accuracy (within
about 10%) when conditions are not too complex and when the gtrata are more or less
horizontele. The presence of both horizontal and verticel changes, as when patches of
thawed ground cub across bedding in frozen ground,may cause erroneous interpretations
of depth, unless measurements are wade in considerable details It appears to be
easily poseible to distinguish between thawed and frozen ground at any depths at
which we have worked. Ground thet is partly frozen and partly thawed cen alwso be
detected. Depths to waterbearing beds snd the presence or absence of un@erground
water can be determined according to several tests run this summer. Resistivity
metnods can be used for the location of faults, contacts end orebodies, where tbare
tg sufficient difference between the materials in question, or when the bodies in
question are larxge. gpecifically, this weans in the case of a fault, that there must

ference in resistivity betwsen the rocks on each side of the faplp, or
e ot bo & . d + zone. One or both of these conditions are

e must be a zone of gouge in tne faul .
323:11? satisfied. Gold ﬁuartz veins may be ocated if they‘contain a conslderabl?
amount of sulfides.,the method is of no valug fbg the 12cai?onbgfczﬁiiziguzitﬁaxitna

i ractically no sulfides, unlees they heppen to lie ' faul
;izzgt?igiepzi%figuitg lies in int;rpretation of tne smajpl differences 1n realetlviti
obbained from these veins, The sams results may be du§ to slight changes in the country
rock. In general all interpretation beccmes mors d%ffloult as the depth inc?easez.mi
When measurements are made of reeistivity changes in Very large bodies, as 1n dete -
nationsof depths to gravel or to bedrock, or depthe of frozen grownd, meaaurem:n 8
to depthes of at leas?d 200 feet cen be made succepsfully, mede. In locating faulis
where the rolative volume of the body is less, the depth of overburden

eins
Shrough 1 measured must be correspondingly lees. Probably 25.feet is

fhrough which they can be
the maximum depth in thie reglon.
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The field work has been conducted so that littls time was lo i igtivi
surveys. Several weeks were required for the aseistants to tzzriggﬁﬁtlYgaiiséﬁzi:lty
duties before they could reach normal opprating speed. Occasional alight changes in
technique were made to incremse speed or to fit changes in conditions, One da§ was
lost on Portage Creek when some spliced wires started to leak after séveral hours
rain. It was necessary to find the lesks and rewraep the splioces.

Fro@ fou? to five days were lost by me becusse of the neceseity of repairing and
callbratlng the magnetometer, after it was found to have been improperly reconditioned
at the Colo. 8chool of Mines and egain after it wae dropped on Deadwood Creek. Since
then no time has been lost dus to improper functioning of the instrument. Magnetic
storme have stopped magnetometer field work a number of times thie season, but this
does not represent time lost, ae am brushing and leying out lines, etc., can be done
ax during these times. -

The advent of cold weather has slowed down field work slightly, but after we are
accustomed to the different conditions we should make about the same speed as in
warm weather. The necessity of moving faster will partly offset the disadventages
of heavy clothes and gloves.

The geophysical work that I had planned for thie fall, beside getting the resistiviiy
equipment ready for cold weather, consists of resistivity work on lower Goldstrean,
additional work on contacts between frozen and thawed ground and on natural earth cvrv=n
currents. From work done this summer, it looks as though ktkeEsma frozen and thawed

areas might be traceable by the abnormally large earth currents which apparently

exlst at the contact of permanently frozen with thawed ground. The erratic surface
potentials caused by decaying moss have hitherto masked ths deeper lying earth currenba
It may be that now when the moss is frozen, the surface currents will have disappeared.
I also want to do some magnetic work on the Birch Cresk schist, where we have already
done resiativity work, to determine the anomalies that can be expected from bedrock
changes. Some additional work should be done on the granitic intrusione to confirm our
preliminary resul ts. All of this work can be done from College.

During the shortest daye I had planned to prepare a report and if time is available
would like to work up some of the gravel and bedrock samples collected this summer,
Bill Burns hes a petrographic and a binocular microscope and I have the rest of the
necessary equipment. Field work cen be resumed in the early spring, say in February
or March, when the days are longer, if it ie your intention to continue this work.

I would like to Ynow how long I will be able to retain Ernle Wolff, my assistent. yrdﬁ
As things appear at present I can use him for about two more months, of which about A/
five weeks would be field work and three weeks office work. If field work 1s resumed

in the sprimg I would like to have him sagaing

Regerding mining activities, I am forwarding under separate cover the dgta onn mining
operations I was able to visit. Bill Shoddy gave me soue data on operating cosps of
machinery on Portage Creek and promised me more when he gets to Fairbanke? Louie

Smith has promised complete cost data when it is worked up. I have sent him a letter

to remind him of his promise,

As you had surmised, the outlook for the Circle Disprict does noi appear to be too

good. The larger outfits that did well are the Berry, on Eagle and Mammoth Creeéks,

Poul Menzal on upper Porcupine, Fred Johnston on Harrison and the dredges on Coal and )
Woodchopper Orecks. The Deadwood Creek Mining Co. (two plants) and the Mastodon Cre%g %Q.cf“
Mining Co. lost woney., Mastodon Creek is sald to be worked out, but there has been -

no proaspecting to confirm this, Archie Laird who Opera?ea the Maet?don Creck dragline

plant has been in the Koyukuk looking for ground on which to put his plant. The
continuation of operations on Deadwood Creek depends partly on the results of pros
ing this winter. The upper workings on Deadwood were yielding better resturns at the

end of the semson and may prove profitabke next yeare The Portage Creek outfit produced

pect—
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about $55,000 this season but apparently have lost money because of very high upkeep
costs on machinery, caused by extremely difficult bedrock conditions. It is likely
that coneiderable fine gold was lost due to excessive leakage of oil from the draglime
A film of cil was visible at all times in the drain. —

The outfits on Independence Credc had a poor season due mainly to leck of water.
In general the production of the small hydraulic outfits was low. The Half Dollar
Mining Co, on Half and Bottom Dollar Creeks, had a good season under Harold Myers,
the new manager, producing about $15,000.

The fact that no promising new ground has been found wmakes it appear likely that the
production of the Circle District will continue to decline. The F. E. Co., gave up the
ground thet they were drilling on lower Harriaon Creek, but it is possible that Fred
Johnston will be able to work it profitebly. Reports indicate that that large low
grade proposition on Clums Fork, mentioned bo us by Louie Smith and which countains
pyritized bedrock, is not prospecting sufficiently high to be workable. There apparer~
ly is very little additional prospecting being carried on in the district.

I spent several houre looking over the Nome Credr dredglng operation and was able to
obtain farily complete data. The ground runs only about 30¢ per cu. yd., but condi-
tions are favorable in every other respect, and the operation should be successful
if the values hold up, Prospecting with a light drill indicated values of only about
10¢ per ou. yd. The ground is too wet for accurate prospecting by drill, but when

pufficient yardage ie dredged a drill factor may be obtainable.

In looking over this letter, which turned out to be much longer than sexpected, 1
see that L1 could be better arranged. Inthe future I hope to be able to keep you
informed of our activities in smaller doses. The results of our work on Bedrock
Creek will be sent in shortly. Mr, Wyer, in charge ai Cleary Hill, 1is much inter-
estod in the possibility of uslng magnetometers in tne Hot Springs country. I told

him that we would help him in every possible way.

Sincerely yours,

Henry R. Joest
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DEPARTMENT OF COMMERCE
U. S. COAST AND GEODETIC SURVEY

September 18, 1939.

Dr. Henry R. Joesting,
Department of Mines,
College, Alaska,

Dear Dr. Joesting:

Your letter requesting blue~print covwies of our magnetograms starting Auguust
1lth was received the other Qday.

I have fozwarded your request to the office for copies of the grems, and will
not be able to’ forward any until we rsoceive the aporoval. However there is no
reason why it should hot be approved again this year. I have seen the photographer
who d1d the work last year but found that he will be unable to undertake the blue-
printing this year. He has started a small print-shop in connection with his
photographic work, and all of his time is taken~up. FRHowever, there are a couple
of surveyors in town, who have been trying to get a start; and have been doing some
printing of small tracings etec. They will &o the work, but at a slightly higher
figure than was asked last year. Ths price 3this year, or the lowest we have heen
able "to obtain, is 20¢ sach. Wil) thias be satisfactory?

I have turned the grams for August over to them, and they will print them as
sooyaa me get a little sunshine. Mr. Hagen has implied that he would prefer to
forward his bills for each month of maeznetograms.

There has been condiderable talk of an observatory in the interior; and with
the added interest in geophyasical work it may be such that they will again serious
consider an observatory. I undsrgtand the the instrument shop in the office is
working on a small portable magne tograph for installation at various places for
a’ continuous record of the three components, In another year or so this outfit
may have been perfected to the point where it could be succqgfully used in the
field in place of a base station as 1B the practice at present.

I certainly envy Bramhall hisg field werk this past summer. It is a long jump
from the 0ld methods of gas boats, to -his present speedy travel by airplane. From
what meger reports we have had of the progress, it seems to have been a very
interestin’ trip.

Beat wishes for success with your present program; it sounds very interesting.

Sincerely yours,

&Lbért E. Gebhardt.
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Experimental Magnetometer Survey of Bedrock Creek, Falrbanks District, ALaBka.

TPAARZY AV

The magnetometer survey descriced herein wes made as part of tre experimental
geophysical program of tre Territorial Department of lines. The data obtained are
the property of the Department of Mines and may be published only in the report
on geophysical investigations csrried out by the Department of Mines during the
latter part of 1939.

Description of Survey.

12 lines were laid out, approximately 200 feet apart and crossing the valley of
Bedrock Creek at right angles, A Brunton compaes and 100 foot tape were uscd.
Staticns to be occupied by the magnetomeger were laid off on each line al 50 foot
intervala, Profiles of the lines were run with hand level and rod. Each 100 foot
station ie marked by a blazed stake on which the numbers of the line and of the
station appear. Stations hetween the 100 foot stations are hot marked. Lins 2, the
first line,is loceted near the mouth of Bedrock Creek, about 100 feet above the
teilinga pond of the Cleary Hill Mines mill. Line 11, the last line, ie about 500
feet above the Viackwitz mill., 141 magnetometer stations on the 10 ¢voss lines were
soecupled.

The magnetometer used is of the type knovn as a vertical field belance, or vertical
variometer, and is deesigned to measure veristions in the vertical component of the
earth¥s magnetic field. Its sensitivity is 24 gemmes per scale division, or 2,4
gammas per O.' ascale division.

Preiiminary Investigations,

The profiles of the creek indicete the aseymetric shape of the vallpgy, with the
stream flowing ageinst the steeper left limit hillside. The probable Location of ::
placer deposits is on the right side of the creek, in the lower valley and on
remnants of higher right limit benches. Any remalning highibenches evidently are
emall, discontinuous and with a bedrock floor sloping toward the creek nearly as
steeply as the present surface.

It wes spparent from the large amount of iron on the ri ht lirit hillside in the
form of machinery, waterpipes, junkpiles, etc., that magnetic results indiomtive
of asubsurface conditions could not be obtained. The small amount of direct current
carried by the phone line on the right limit hillside also would ald in giving
false results in its immediate vicinlty.

Because the surface of the ground was frozen and snow covered, it wes not practicable
to pen the emall cuts and prospect dumps found on the creek, and thus no estimate

of the ratio of placer gold to magnetie content of the gravel could be made. Samples
of the surface gravel of the present creek bed and of the bedrock eurface of the
Wackwitz placer cul contained a moderately large emount of megnetite., From this it ¥
le inferrsd that any placer concentrations should cause relatively large, positive
magnetic anopalies, or "mesgnetic highs', especially as the overburden is shallow.

Interpretation of Vertical Msgnetic Anomalies,.

Vertical magnetic enomslies are variations from the normal value of the vertical
component of the szrth'e magnetic field intensity. They may be caused by either
shallow or deep seated variations in the composition of the earth's crustal mater-
ial. The positive anomailes often associated with placer deposits are local in
extent and quite irregulaer, compered with those due to deep seated acauses, Thus
anomalies on the surface of bedrock, due to placér degosits, may be distinguished o7
from those caused by changes in the bedrock by taking into consideratiod@he geolog-
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ic structure of the region and by runaing megnetic traverses over the bedrock where
no placer deposits occur.

The anomalies founf€ are shown on the accompanying mep of Bedrock Creek. They are
subject to small corrections when the daily maknetograme giving diurenl variation are
received from the Sitkea Magnetic Observatory. The magnetic highs are smaller than
anticipated, considering the relatively large amont of magnetite in ths surface
grevel., This 1ls interpreted to mean that there has been relatively little sorting
afid concentration of heavy minerels and gold, such as occurred in true "paystreak"
creeks. The irregukar nature of the anomalles and thelr lack of continuity from

one c¢ross line to the next Ilndicates that the ground is spotted, and a continuous
run of gold is not likely to be found. No attempt hae been made to interpret the
anomelies found high on the right limit benches, as too few trustworthy readings
ocould be obtained, due td& the previously mentloned interferinz causes. However, the
highe found at station 6, line 10, and at station 6, line 1%, may be worthy of
investigation, as they cross the structural trend of the country rock.

The placer gold in the creek probably has been trensported a relatively short dis-
tance from its sources, conseguently the gold-magnetite ratio cannot be expecbdd to
hold ae conslstently as in creeks where there has been more sorting and concentra-
tion of heavy minersals and gold. The magnetis highs indicate the locations of the
greateat concentrations of magnetite, but the largest high may not bndicate a greater
concentration of gold than a amaller high in some other part of the creek. Lacking
deta from prospect holes and cuts, it ie not posaible to evaluate the ground or

to atate which of the areas contain the most gold. The highs in this case merely in-
dicate the best places to prospect, and any individual high should indicate the
location of the richest ground in that area.

The locations that are considered most favorable are indicated on the map as I, II,
ITI,and IV, I 1o considered the moast deasirénble location, and IV the lkeast desirable.
V and VI are also marked but their interpretation is doubtful. It is possible that
better prospects may be found between the cross lines where no magnetic wbeervations
were made.

Conclusions and Recommendations

I? plaser gold i3 found in peying quantities in Bedrock Creek it probably will be
irregularly distributed, or spotted. It ie doubtful 1f a large production can be
expocteds The conditions for obtalning reliable results by means of a magnetio
survey are less favorable thanm on creeks with a more continuous run of gold, but the
present survey should indicate the Favorasble placea to prospect, and eliminate the
unfevorable places. It 1s therefore concluded that it would be worthwhile to ocheck
the magnetic survey by means of prospect ehafts or drillholies, In the event that
such prospeoting is done it would be desirable for the aake of extending interpre-
totionas to do a amall amount of additional magnetic work.

Benry R. Joesting,
ABsoo, Mining Engineer,
Territoriel Department of Mines,



TERRITORY OF ALASKA
DEPARTMENT OF MINES

Callege, FMrYEMU, ALASKA

Oct. 17, 1939,
Mr. R. E. Wyer, [

Cleary Hill Mines, Inc.,
Falrbanks, Alaska.

Dear Mr. Wyers

Encioeged ie a brief report of the experimental magnetometrioc survey of Bedroclk
Creekks Mr. McMeir has received the map accompanying the report and ise copying it
for your use,

I belleve it best to consider the results of this work as confidential for the
present. They eventuslly will be published, togsther with the reaults of the
other geophyeical work done this summer, in a publication of the Depariment of
Mines.

The Department of Mines will be grateful for any subsequent informetion you can
furnish relative to the correctness of the interpretations of {the magnetic sur-
vey. If Bedrock Creek ie prospected I would like to be on hand part of the time.
One or two holes with relimble data would enable me to revise and extend the
interpretations, and would increase the value of the survey.

The following breakdown of the time required to complete the work on Bedrock
Creek may interest you.

Bruashing and surveying 10 lines, running profiles 2 1/2 days
Occupying 141 megnetometer stations L 3/4 0
Office work ( calculations, maps, interpretations) 2 1/2
Total tiae (approxinmately) for two men 10 days
Total number of separate maegnetometer stations occupied 141

Av. no. stations per day of actual observing time 30

Av. no. staetions per day of total elapsed time 14

The sbove does not include night work. Ve have spent an average of two hours
each night on calculations.

The operating speed will increase somewhat in warmer weather and where ground
conditions are better, Considerable time was also loat during this survey be-
cauvee of the unususlly erratic nature of the earth's magnetic field, necessitating
a larger number of checks back to the base gtation. Because of the heavy cover

of partly frozen moss on Bedrock Oreek, an average time of two minutes longer was
taken to occupy each stabtion, as compared to otner ground where more normal con-
ditions prevail. Where a bulldozer is available, time and money may be saved by
stripping the brush and moss along ‘the survey lines. This eliminates brushing

and enables the survey to be made more quickly and accurately,

With two instruments ( one for measuring diurasl variation), from 40 tp 45 sta-~
tions per day of actual running time could be obtained under similar conditions.
On a larger scale survey under average conditions this figure could be increased
slightly, The time to obtain a set of readings depends partly on the size of the
nagnetic anoralies encountered, as well as on ground conditions and the distance
between gtstions. Under optimun conditions I have obtsined over 50 stations per
day with a single instrucent and about 80 with two instruments.



Mr. R, E. Wyer 2

The spacing of stations depends on condlitions. On Bedrock Creek, becauss of the
apperent spotted nnture of the ground and the probability that any pey occurs in

g narrow zone, the stations were spaced closely. (50 feet) Additional detail
between the lines would be desirable for a more complete picture, but probably is
not advisable under the circumstances. In a region where the pay zone ie wider and
more continuous, stations spaced at 100 to 200 feel and 500 to 1000 feet between
lines would be suitable for the preliminary survey., After the probable pay zone is
tentatively outlined, it should be detailed by magnetometer stations spaced about
10C feet apart in the form of a grid. At sbout this stage in the survey drilling
or pitting should be gtarted at places indicated by the the magnetic survey,for
the purpose of checking and calibratidg the magnetic readings.

The cost per station on a moderately large scale megnetoneter survey in Alaska will
run £rom $1.00 to $1.50, if the work is well planned and executed. This includes
all costs excepting the initial cost and maintenance of the instruments, Maintenance
cost will depend on the care with which the instruments are handled end the exper-
lence of the party chief. Coets in Alaska will be considerably higher than in the
States or in the tropics.

- I feel it necessary to advise you that considerable experience is required in order
to obtain reasonably ocorrect readings without too greet a loss of time, Even more
experience ig necessary to correctly interpret the readings in the light of what
geologic data is evailable.

In the svent that you plen to use megnetometsrs for placer prospecting, I will be m
glad to help you in any way posaible in my capecity a8 Assoclate Engineer for the
Department of Minesd

Very truly yours,

Renry R. Joesting
Agesoc. Mining Engineer,
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INSTRUMENTS AWMD IMBTHODS

Magnetic and dirvet current resistivity methods'were used because they
are relatively simple, rapid and inexpensive and because they are generally well
suited to the study of the problems indicated. The instruments used trere g
vertical Schmidt-type magnetometer and a dirset current resistivity instrument
similar to those used by the usophysical Branch of ths Us 8. Geological Survey. (6)

For placer surveys with the magnetometer, a sensitivity of about 25
gammas per scale division was found suitable., For resistivity studies of frozen
end thawed overburden and of underground water, the Lee Partitioning idethod (8)
wos tound to be most generally suitables In the Les Method a ocentral potential
electrode is placed midway between the two potential electrodes of thoe Tennsr
four-electrode oonfiguration.(7)

Non-polarizsble electrodes vere mads from unglazed porcelain pots about
"10cme high end 5 cme in diamster. In order *to ;etard evaporation of the elesctrolyts:
the sides of the pots were glazed, inside and out, with clear Duco lacquer. For
o0ld weather resistivity work, e non-freezing electrolyts oonsistinglof equal parts
of ethylens glycoi and s saturabed water solution of ocopper sulfate proved satis-
facborys Thres-quarter inch stainless steel rods mads excellent ourrent electrodes
because their bright finish ensvled good ground contacts to be made.

Most ot the fiwold work was done during the summer end autumn, although
some winter field work was done in order to try oubt various methods wnder cold
weather conditions; in addition, some swampy areas wers more easily worked during
the winter. Iield methods were in general similar to thosw used in other regionsa
Hinter work, although slower because of low temperatures and short daylight periods,
was found to bw entirely practicables.

Itining and prospecting intormation was obteined when available, for
purposes of checking geophysical inturpretations.- As a rule, interpretations
were made entirely independently of these data. Much of the informetion was glven
in confidence; hencew in some cases it was necessary to omit comfirmatoery or

contradictory dota from the graphs showing the results of gwophysical measuremuntse



LOCHASTION OF ULRIRD PLANS
ho vertionl mngnotaetor appoars ©o bo woll sullod vo loontdng buriod
DPlocors, sinos magnetlio bLincle conds are cownonly asmoointod vith placor polde
The mopnotoncter method haa boen used sreconofully for plaser progpecting in
sovoral roglomp, (3,0,9,10) bat from the Lormaidon avallablo 4T vae not possilie
to doterulng whether it 4o of Widegrond veluo Yor this parnose, or of volwo |
only in o fuvr isolated inctanooge
In order to doberrine in o rolativoly short tive tho probeblo apnifoubility
of mppotic nothods %o o Inrpe propartica of Ww plooora in interior Aading
dats, vwore gbtuinod concernings
le Tw proportion of plnoors tnt contaln mapmetlo rinorealg in
coounts cufficient to anuso monmireablc vortiool monnlicte
3¢ Tim relations tnt ctist botwoem vortiowd anomlios, mngnetico
mineral contemt aad gold embont of pluserss
8. Tho effeotn of snornlios ossoolnted vAth bedrook chunpon mnd
ol couipon, on noadreont and rocopnition of plesoe angrmlions
4e Tho effoat of Irrepuleriiies in the onrth'g mapnotio fleld
o mopsureromt of plasor anrmliape
Harmotio [Bnorals $n Plooers
m@ﬁmhc- of placer conoontrotor, teken fron 62 crevg, voro m'—-iw:d
in tho laboratory, md fleld toats of plecer pravals wore made in mopt of tha

oampe in tho inberlore MHagnotio ninuenls, tho meat lmpertant of vhioh tmo magnotito,
voro found in all tho owploss iegnetio picotite or chromlio, cnd 4lmenito Toro
abuxlont awugh in o feww onseo W have o probable offoot on o magnotomsters Othor
aluoralp foumd, bub whaich are of ninor importance bocause of thoir low suscepiibility
or coerolty, cro Lron rich gernobs, agrhebolon anl pyroxanssg, blotite, pyrrhotite,
olfranlito and plosSinmme

Tablo 1 dwwo tho gprradineto nmognotite contmt of placor sonomtrates
groupod ecoordlng to nining Alateiotss



Tablo 1.
tHhusher of fumbor of

Distriot Crocks Sarmlen Approge Pareont of Nopnotito
Chena ? B-16 g
Cirole 9 is 3~35 5
Palrbonks 21 49 6-50 (G
Koyuuls 8 6 0uB8 4
Livempood 8 16 1530 $6
Poormm 2 2 20=30 28
Yarshall 8 3 630 19

Trovorgsn woro then run aver roprosontotive pinoers in cn atlenps to
dotorming tho raloblm bobmeen megnotitc ccubtont and vertionl anomalloss Tho
semalts indionte that under favoroble conditions measwresblo anornlico rro
assoslated wlth gbowt throc-quarters of tho plasers in the inberier caps
consldorods Thoro magnotito conmtent of the omcortraten is bolow about elght
pareant, anaallios iy boe too amxll to bo mramsroablos AAX1tloned vari may
albor thom ogtitntes sonevdlwng, clnoo tho dnta aro Liwogplets in tho onso of
omw Qichvlotne
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Rolntiono hetveon Tertionl inonlios, lamotito Convont and Gold Conbent of

Pincerns

Parming tostic chow tint £old apd mepnotdte ccowr in rouphly propov=
tiomato avunts only vhoro thoroe ig 4 well dofinad, falrly uniform paystronlte
Wiore minos mro spotted mmd the gravel 1s poorly oortsd thoro &n often 1ittle
or no correspondonso botvoan thoe apounts of gold end nognotites Yn poorly
comcantrated rlacors mogwtito is llroly to be dlotributed all along tho chamrol
of doposltion, wharcas, most of 4o zold is deposited a thart digtenso boley
15 sources ' “

Vartienl ononlios are uminlly nroportionsto to W magnotdte content,
ond In nost paystrenle placers are alpo approzinatoly yroportionnte Yo o gold
wluoss Faige ) chows o ofile aoross a norrow bénch paystrool: thoroe tho vosrticnd
exxwsaly, mapnotito cantont exd old taluas aro in wumiaily olose ngroaaniite
Tho rolations are mors typdoally illustrnted in Firne 2 and 8¢ (n Portopo Credl,
(Plze 2}, tho magnotite content of tlhe mprovel overagoes 21 gn. por oubice yovd
gt tho llto o pay mxl 62 pe In the richor partss Tho ocomncartrnten fron tho
1inite contain about 4 poreent meppetite, cormpored o 8 parocmb in ¢ho yiches
parcae Thie somw penoral relationo hold 4in othor moderntiely twll daftuod plocoerss

Ia poorly oonscntrated plnowes, or in placers vhiare pold ie opovited
in cocwramne, thoro is 1litile or go relotion botrman anomnlies and pold valucge
Horvovar, it 1o ofven poosililo to deteruinoe Hlw apreoximate position of tho plaocar
ohamel, provided Wint sufflcient mugnotite g preomt, aithwach nothing oon bo
detaminad ooncorning thw dotelbuwtlon of gold vlthin thow ohmmels
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Vortionl plovor momalied havo bom found to ramgo froa wss thon 10
to oves 300 prurmnags Moot of then aro undar Y00 porns and thosefore, mmst bo
clansed nop sll momalioge They are in genora} pooitives ‘Wwsoe over doep placers
md over aniforn paystroalks oro upanily vegulny, vhile Wwso ovoer sore shnllot
plooers are vory irvegulare Pigne 4 and 5 ahar Synlend profilos of doep payotroaks
and of diallow opottod plasorss Tho irtoguinr anomolies found gves somo hallow
plasero moy bo coused by lodegtono or bouldors vdth m@oﬁo £ields oppoved to
tho corth's £lelds Sovaral placcars idh Irrepulosr mormlicn wore Lowmd to
sottain coarse Yodostanse A

fhiok {;rml dopoolto with no nmlaxd occnoanteetion of nametite my
oo cnornldos sinilar in appearanss to thoso coused by deoply bwio;l placers
whoro S conpentzation of nognotito $o nepely on bodroolra Thiu 1s §lIustrated
by o ocmparisom of Fige 64 thore the anmnly s soussd by a thiak peavel doposdt
in vhich thoro ling Locn 11ttle conomstratin, With Fipgs ¢, whore aoncontration
hay romlted in o definito payotaroalte
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Bodroalr and Othor Anarwvilios Tot Agsoeiotod vith Placsrn

S8inco plaser anonnllos mrc prudl, mognetlio ourvays for loonbing ploporo
mot bo ensrlod out dAihor thwro bedrock snomnlion are vory small o vhoro
mitable corroctions can bo adee A muwbo of woaverses worc Mun i arees ade
Jaoends o plosers ond on ridgon vhero o plaser nnorrllos axdat, In order to Loarn
gonothing of the sloo end &mpo of momlion over varicus conooiidntod formntions
and to dotorntos A8 corrostions oould be rado for thelr offootae

As dpght ve ppddoipatead, tho omnllont awrnllon wma'o founxd o bo aooos=
inted vlth fine protnod solinmtary rools and e lorgest vith beslo igpooun
rookne Ancenlics nopoolnbted WAth aotdio Intrusivon vore feand 4o bo paxll to
modarnte cised, doparding pactly on tho sine of the intrusivos (ho pre«<Corderion
gohiot, ioh 4n tho msﬁ videppond bodrool: in inboric Mnnlm. umally emgoo
rolativoly oondl anonilioos i’&g. 7 shots a typical trovorse profile aoroon
choet and 1irootone badroolkz, ovm'lain to o soutitoat by a poos Ly mmmﬁz‘aﬁoﬂ

lor-prade piooors Tho orrubtio plooar mmmlios aro z-omnly alstinguiolnble fron
tho oooller and nove uniforn bodrook onoexlione 1Mge O ghows on 2oodynanio
cotrtiour nep of o0 aron of pro-obrimn soldate Zho ononldos, Thiich oro oonll
and wiforn, are falrly dyploal of thoce feound ovar o wﬁin‘!: in ¥w Palrbanlis
ond Girolo Dicteiots.

Gorrootions for HUw o6ffootn of bedroot: moralion my bo applicd in
comw oagses in dotarmining plhoo ausmliogs Conornily, lisavor, bodroolr mmonnlios
ilnrge woough to naole plocor snomnlios aro not sufficiently undflorny to posmdt
carrostions to ho mudos Tho prootico lhius boan, thoreforo, to dctmmine tho
pordtion erd ynpnitundo of bodrook mionsilon end tlwn sonreh forr placor anormiloo
vhore bodrock aoomelios arc unliloly Lo intarfores For exawlo, during o odx
woolkt s plosor Lmrootipotion In tho Rako Crocl: nrea on tiv lowor Yulon River,
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cbout holf the ®imo wns spont in looating oroas of highly mapuotioc grooustone
that orogs arons of momotionlly wniforn codinentcs Tho Doro daﬁuilod mzaotonotric
purvoy {or placers voe cmwled out only vhereo sodlventory bedrool: vos fourddl to
oooure A
Sedinontesy roaks and rotomerphosed sodinonts hnve bema founl to bo
nognotionlly nore wilforn along tholy gtrile than coross thelr otrike, oonm@on‘bly;
bodrookt encirlios are unlilkoly to interfors wharo pleocers 1ic Foress o otrile s
of Lodrooke On tho other hand, it my bo difficult to ddstingich Lotvwon bod- (./
rock anl plaocr anomlles rvhore the plnoar obtannol parallels tho strilis of Ledroci..
5i1% ovartarden apparantly hao o o ond relatively unifen meoeptlbllity,
noverthelons, @nll onomllog regult fron alrupt changos in nlope, moh 0o
oocowz. ot 1L benshas o rﬁmr;a doap, ‘mcmu mllion are out inte tho ovoarburdone
Ty are Sorred horo topopruphios anomallos, end mny possibly Lo saused Ly magnotio
goroaning, or distortion of the f1o0ld to conforn -T0": the mwrfacoc. Hocauso of
topopropbie anorwiles, tho wortionl intonaity deoroasen sliphtly nt tho bobbon
of benchos and gullilen, and inoresecss alang o midose Theo size nnd shope of
these soralios apparently deponde on tho enrfess conffipuration ns woll as on
the mpetic susceptibility of the overburdae Tho larpgont topograpiic enomaly
nonoured 48 45 parmacsy umelly they do not owoed 20 pumnge Appraximto oorroctions
ar'c noscsonry in deturninding plncor monnliocs whon the latlor aro 1izely to Lo
amll, or vhom topographis ood pleoer raomalios arc 1i:aly to coinelde in pooLtria
Sisva for a dvan Gypo of surfnco Arremlority Yopoprophito anomnlioo oyo 1ilaly
to bo uniforn within 14rdted arong, Uwae corrsotdons can bo roadily mde on
e bagls of fleld monmiremymige
Tartionl nognotio profilos asross narrow, stecpeoided valloys alco
show oxy aorniios cinilanr in fan ad ordgin tw thoge saused by narrow mllios
in ovarburden, aid far thio roeson tho vertionl intoasity alang o ridpoa ad
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valloy cides mny bo higher than in tho wnlloy flows Correctdons cro useally
umnocesoary for this Gypo of topogrnphio canmaly, dinco 4% ooldon coincidos in
position il that acsoolated vith plncerse

Irrornior Vardationn 4n tho Mx‘*o Flolds
| Hagotdo storna aro soparadively froquont axd inbense in high lntds
tudone In intorior Aladm thoy my omoo ohnapos of 600 goans or moro within
e fow minutos in o vortionl ocompontante. Fipgas D and 10, csondongod from
magnetogreng supgliod by thoe Sitln Hagnotio Obootvatary und Cron £iold deta,
ohor tho mjor fIustaationn in the ocarthi'g £i0l1d lotonsity during pmrts of Hx
1939 1940 fS01d noaonge |

Sinvo only ono vortionl magnobonster ™ae available, 16 was not possible
“to reagaro placer anoralios during ovon siight disturboncese An effort was rade
to correlots shonges i vortion intensity ot §itdm th thoro ucor Padrbanks,
but tho oprocrent man not puffictomtly oloss o wnoble corrootions $o be appliocd
o fiold moasuronmmts o tho bnods of tho 81t nogetogranne Finally, throuph
e cooporating of thw Sidm Choervntory, foresnsts of mommetio condi¥ions wore
obtatned vhioh ancblod caln pariols tobo utiltacd emsluntvely for maguring ol
axenlliose In addition, coplos of dnily wrs peppliod in oedes
that oo apprarimate olwol could be maintanined on tite diwrmal veriction curvop
ottrdnod in tho £io0ld fyon howrly roadings at bano statiomce

Iho prinoipel discdvantage of moacsmring owdl onoralios with o single
ingtapant 1o ¢hat ol s 1o losh bosavos of the nscoondty of {roguant bage
gtation rondinsee Albhough the remulito aro vomewdnt loap ssourato Wian whon o
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sopnirata baps inetroomt 1o uocd, e noxirua error wdor wogt conlitionn man
nbout 10 garmag, and tho mepn oreor vmp penorally ot oror 6 goonnte This noouracy
ip smuefiodont for moacuring et plapor enornlices '

Toblea 2 andt 3,tokan Svon Slthn mogmetoprons, cdhow Ww rointive rambox
of @i@ﬁmldiaﬁﬁ%dwsdmﬁmptﬂﬂ@ﬂm £i0ld dongons of 10380 eyl 1940,
Days or fractions of days dortng whdch olangon 1 vardioal infenoity wore ownll
ol undfor aro sonslddered @idoty dloturbod duys include Hiose during vhich mnld
bt frrogulor fwotuntions, ag toll oo magnetio gtorng, provontod the noomire-
ot of voprtleal anorellos cmllor um about 20 porape Alﬁmg&x 4% 4o pogaible
‘o plon £icld work go thot 1Attlo Gino i loubbmfm@mﬁu distarbonoos,
novortholoas thoy we a neriouc handionp o moasuring onall anomslics in
Alnolin vith £i6ld rothods now in noce
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Table 2. - Coaparison of ‘ulet and Disturdbsd Days: huge 11 ~ Dec. 6, 1939,

Month Tamber of Hunbar of THtal Percentare of

tuiet Days Dlsturhbed Days Days Digturbed Daye
Auusgt 14 7 2 23
Septombey ) 7 _ 30 23
Octobor 28 3 31 29
November 27 S 40 10
December 5 1l 8 17
Total 93 A4S} 118 21

Toble 3. - Compnrison of (ulet and Disturbed Daya: June £4& = Octf 31, 1940 .

Month Hunber of Muraberr of Totel Ysreentane of
.ulet Days Digturbed Days Deya Disturbed Deys

June 4 3 7 4.5

July 15 16 31 52

August 22 9 - 51 B9

Septembar 21 9 ' 30 _ 50

October 23 8 31 26

Total 85 43 130 1o}
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TAATD AlD PRRUATRITRLY 7207141 QVLRBUILED

In ordar to dotezniine tho resiotivitics of various ummnﬂutad ad
consolidated rooko, about 400 fiald measwenmts vers tode in the Falrbanlsm,
kvonpgood and Girols Diglricts, vhore subsurfaooe canditviens wore luom theough
drilling or nindng oporstlonse Moot of the reciobivity noasrorente woro nedo
Quedng tho ooy noaths vho the gurfroo mn Dord o loss Hmvod, dut cong in
the Falrbomls Motsrict woroe mnde during mideinter at Somoratuaros as losr ag
- 30°Cy

Ropietivities wro calonlnted by Ronants mothod (Fe 12) the tho deptn
mrofiles opprozinated thooretdoal tmwlayuwr ourvoss In somo copor roototlvition .
- wors oufficiomtly wniforn oo that they sould be {akem direotly from the dopth
(eofilons In other oascs conditlons woro “oo complicnbed to pornit detormining
tho veolotivity of my cinglo lnyars Tho romlty are sarorined in Toblo 4o



Tablo 4

_ Yoot ST Aorraatiato YBan
linborial _ Ronze, olyman Rogistivity, olmeom Looalityw
Tharod, noist cilt ad
vogotation muslke (in valloys) 3,600 = 85,000 el x 10% 0,150,
Thawed ellt ard rosidunl |
dopnelta,dry on surfoce :
(onistopen) 20,000 = 190,000 240 = 10% a,b,0
Froson sild and wegetation 4
Thesed moiet sond, £ino :
proevel wd olay 22,000 = 65,000 242 x 10° b,
Thaved noish pravoel | 41,000 = 71,000 646 x 10° 0,D,0
Water=booring pravel 200,000 = 186,000 1346 = 10% 0,b,0
frozon oand and fno gravol 030,000 = 2,000,000 120 x 10% 8,b,0
Frozon proavol 780,000 = 4,100,000 220 x 10% a,b,0
Frozem owrfnoe nilt at-109C 2,000,000 = 3,000,000 220 = g% a
Progen curfase gravel nt-16°Q 2,500,000 = 4,000,000 550 = 10% n
Thawed oofc rioas, chloritow, a
ad graphitio-sohiot 20,060 « 850,000 3«0 = 10 @40
Thewod hard quartsitio oohdst 200,000 = S00,000 16 = 10% a,0
Thamed oonglanorato 22,000 = 70,000 GaO x 10% c
Fronon conglenorata 1,200,000 = 1,600,000 140 = 10% P
Fhessod ohort 140,000 = 200,000 17 = 108 b
Thavod 1iostons 50,000 = 04,000 Geb = 10% b
Fhomod orpdllito 28,000 = 70,000 547 = 0% b
Thamd granito 96,000 = 186,000 16 = 104 o
Thatod gorparrvine 124,000 « 140,000 = 12 % 10% b
Poptly froscn lincgbono
and ooppartine 270,000 = 1,600,000 67 x 10% b

"0 « Folrbunko Distristy b = Livongool Digtricts o - Girclo District
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Voriotions n tho moistuwrs contonb of tho mpor-mutnse noterind
ooro rogpanolblo for the wde rosiptivity ronge of thoved w oamoolidnted deponitoe
At daptho groatos thm five foot the moisture ommbtant rraﬁ nore wndforn mxl thove
o logs voriotion in roolotivitye

Thomed, moict 6llt appoars to havs Mphor ros)obivity thom corpmtablo
antorial in oo lotdtudoge hio may bo duo to o corgnentively amnil m'b
of oloy ia ruch of €hw ovarburdon cnd to lower ol tenporatiroecs Rools
wenthering 4n ftorior Alanhkn ic accorplished rinoipally by froosing onml hosings
in ndditlian ko prooons plays an impartant parts dn the twoncposrtation of roek
dotrice Chonionl and biooherdoal @mrooopsos arc umieportont beoons of 1o Genporataro,
oonnt rodnfnil md rostrlisoted w derprou-d oiroulatione The romilt 4o that ruoh
of tho averburdon ogrmlota of ualtered, ocordnutod rook Zragmento with rolntivoly
mnil woats of oloys _

Thnvwod, moioh rravel han a highor rosiotdvity 'ﬂmu tharod gllt, end
. wbarmboaring provel has o higher roslntivity thon molot gravols Leo (8)
ond gthers attritute tho bipher reoolotivity of inbtor-booring bods to to ool lar
content of ddasolvod salbs of wnber vAih unregtrioted oivoulntion. In eddiviom,
sony of the mofoh graval dopesitn invostdpnted contain nuro fine material then
tho wnior«boaring gravel, vhiol apparantly lorws thelir romstiviticss

Although o reastotdvitics of frogm pilt and gravel aro froa 20 to 6O
oo thooo of tholr twvod counterparcs, rush hiphor volwes night be mﬁoipo‘teﬂ
in view of e rosiotivity of puro 100 (4va x 10P clwwame)e . Howovor, pince

Srntormational Critdool Tadlog, vole Gp

o RS R Tt SO, P PR e Vikien oon-

the ico in poronantly frozan groand ic not poro, it 4o prodable that olestzrolyods ,
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or soro cunlopus procons, loys & part in thu comduotion of current, with the
vogult that reglistivity io lotvor than I conduction wore entdraoly mﬁm Ap
1t i 3LePioult to conoolvo of ologtrolytic conduotion tiwough a solid, it may
bo noosuonry to pontalnto tln arigtance, i tho Prommm oilt, of mimto layore
or oolls of 1iquid olocirolybe in cmuilibriu vith tho fves Bvldance hnd
eloctrolytic prooconses o cotive uﬁ tanporataros far below frooging was obiained
vhon iron vods wore drivan a fow inmhog lndo frozen allts Potentinlas as gh as
Be3 volt woro sot up botymen pairs of rodo in mddvinter vhon tho adr temperatare _
o «30°C and the prowal tepornians wae ohart ~20°0e Potanrtinls drappod 4o o
fonr niildvolts vhon nan-polariechio olootrodes wors sutctditutod forr this iron
rodse _

ho wido range in romotivity of froman oilb and mwk wy bo portly
axplained by temporatyro 41Cforconcon in different doponitse It 1o lmowm that
taporatire difforonces oxiot, bt no meamuraxmts @b nmm ¥ huve bean node in
0 regions considarcd heros ¢ Mother possiblo roasn for some of tho lomer

% - . :
800 Ke lof? 11, Uy 8s Doole Survoy, Prof, Popor 100, 1018, ppe 170«243
for a a1 mﬂi&mgxwmdmﬂfaﬂ%om&&ﬁm ¢

voluor fo0 ¢t cocnstonnd Huwsred ports moy coour An some of the ground reparted
4o bo oompletoly froson on the basip of drill lngas It 1o of'bton Aiffioult to
dotoot thitod patohes, or partly thaved growd, by cmrn deiliings

Frozen end thewod pround oon randily bo difPerentiated by seciubivity
moamranatte Ivovorge profilos re sulteble for dotermining the aronl Alnteibutlon
o?fmsmgmxﬁ..@h%lpmﬁl&um&&nﬂwamrmﬂmﬁedepmmm
doborminods Fige 31 ohiars typloal resietivity isnverse profilos, extonding Sror
thaved s1lt ond £ino grovel on Hw north to ainllinr frosmt dopositse on tho wvouth
Tho contact o ot 88 feot on the profilo ondl dipo northe HRopistivitios werae

dobarnined ovary 20 foob at oleotrodo poparabicmg of B, 10, and 20 feote The
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Moy 16 profileos tore rum when the thoxod sxfoaco loyor wno only o fow inchan
thiolte By Sopte 7, whon tho sooond traveras was rum, the owrfaco thesy Imd
aztanind to dopthe of onp %o tlwoo foot, md forr this ronosam, s apporant
rocisidivition of the frosm proud arc rsh lovces

Amrm&mwda@fhnwpmtﬁouﬁmmnyobwmam
root otivity=dopth profilen becauge thero i o sharp dooronas in registdvity vhon
tho olcotruds gpooing approashos dw depth ot vhioh twwed pround in aaombtorod «
- This 48 $linctrated in Piguros 12, 13, and Yoe In Fige 12 tho lower owxrs
rocictivitions o cousod by a onp to twrovo-foot swince layer of thnwod oilbs .
Wntar repdotivition are relastivaly low ot 10 Poot Loonuss in Teoorbor, vhon the
monorannts woro made, tho botbon of cenooonl frooh lnd nod renchod hs top of
parronat froste Actanl deptha 4o thomed ground ard W wmbor ero obinlnod
fron the log of o well driven X500 Poot woob of lins Noe ¢ Tho notunl dopth to
Y ochint bodrock ip not Imowmi, bud 16 io probably botween 125 and 18D foed end
inareooos to tho contie

Fige 13 io chom prinoipally boueuno tho opparont rocistivity So tho
highwst obtoined in this invostigatione $ho rooisbivity of tho wppor layar in
saloulnted 4o be aprroxinatoly 7,000,000 dmwans, bub boomse of tho sbeep
Blopo of o rostistivity dopth ourvo, thioc wnluo noy be oorowhat in errare Tho
log of o woll locabed 0O feat, N 30°B fron the central olootruds shows froson
sild, oond nnl provel to o dopth of 00 faot, cxuopting for vmbawbonring cond
fyrom 44 to 5B fooke Thtor=bonedng provel ma strud ot 80 foot, followod by
thavod £ino. grovel end rand o o dapth of 277 foot, vhere drilling wms
diocoontirmods Dopth ¢o pohinst badreck o oniimmtod to Lo ovar HO foste T
view of thw lontionlos natore of river dopooite, tho north rouinmvin
ourvo, whioh ip olesor to the woll, 1p in good agreanmt vith o oonditionas
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Fig. 12+ — Depth profiles in permanently frozen overburden;
Tanena Velley, near (ollege.
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Fige 3 chows tho moan of four olosoly agrooing cots of resistivity
moasurcnents nndo in four dirootlons from tho oo points Hore tho brook in the
ourvo ooowrs not abt tho siratigraphic Wreak, tut ot the lower bomdnry of frois
An frogt pcoldon oxbtonls fur into bodvuclt ooverod by thiol ovorburdon, approxioato
dopths %o bodroolt oam be detarnined indirectly in asoow oagon dy dotormdeding
tho dopth of frogbe _

Jpproginate dotarminationn of thicimwess of allt and pravel ware found
to bo ponsible anly whero conditions vers falrly simploe Dotarmimticns of
depths vare in some oasag irpossiblo Beammco thw resiotivity of the overbudon
v not mwasrrably different fyon that of tho ovarlying bedroolks in othor onsee
ho ok of horizonbal wniformity ccnfuncd the inborprotation of dapth-jrofdlos.

Plge 156 11lustratos tho onone vhore thore is no apparant treask botvuon
overluadon and Lodroclts Tho reaning of tho Wreok ot mn alootrode-separation of
60 Zoot 1o not knomm, ap 4t 4o doubtPul 12 Progt extonds 50 foot inte bodrodlte
In Figs 16, although thawo 1o no atrupt chnnge in rosiotivity vhen the oloptrode-
soparaidon equals dopth Yo bodresl, n satiafacbery doteminntion of the thioimoss
of the upper layor 1o cbtoined by e use of Rown's mporpoddtlon mothede (30)

Irragulnritios in renistivity ave causod by Ww lsnbticular natare of tho
uacoupolidntod deposite md by the fregquent coouranse of irregulm: mansos of
fropen prounds Figs 17 4llustraten tho offest of lInol of horisomtal wndPormity,
thnt ooours in meny of the deepor plneorse lors he eshict bedrook sarfuos io
frrogalor md oo doeply deomopoccd Yt doptiw nre kmom culy epproetiaatolys
The siit gverburdan ig moatly fropsn, vhile tho undcelying mprovol o frosen end
theted in ebout oqual partse D41l logo shew, o tho north of the ooutenl
aleotrodoy 76 foot of frogam nllé ovirlying 100 to 106 foobt of frozen gravel,
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Pigs 15. —_ Depth profilesin permanently frozen ground on
Livengood Creek, Livengood District.
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Pig. 16, __ Depth profiles in thawed overburden and schist
bedrock; near Goldstream (Oreek, Fairbanks District.
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Fig.17. — Depth profiles in partly frozen overburden;

Ester Creek, Fairbenks District.
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ol S0 the oouth:70 oot of Srosem dilt ovarlying 70 foot of thmmed rravals o
tho cast avd woot Hie roon doptds ares 60 foot of fromen nlld axd 1165 foot of
pravels Tho roolotdvity-dopth rofilos indlonte thnt frosen ground, with
oconnioml thmmed lenson, ovcurs £ron doptho of aboub 10 foot o bodroole The
nooning of tho rostiotivity-mnxing ot 230, 280, and 270 fachk iy mot kot
Alshough oome of the ahongos in slopo oan bo coryolated Wt &1l dnbe, tho
dotarnination of dopths without the old of somrby drill hnlos vould bo oxtraxly
hagnrdouges.

mmg.mcremmufa'omofd@ﬁpmﬂmgome
theo Tonann Valloy noor Pairbanlrge They indlontc some posslibilo unto of rogiote
ity moomwerrnte in shudying thiak fhiwadlle doponits trt aro portly thomed
o pordly froson (neo oloo Pigwes 12 nnd ¥8)e Alilwugh therw is comaiderablo
@oll~ponle hordeontel varlotdon, vhen Iarpe rropos of thooo depsmits sro noamwod
thoro g mfflelent latoral wifernity in rosistivity to emble cppromirate |
dopth deternimngions o be molos

Tho . grentest Imom dopth renched by drilling in the river depooits
nooy Palebanks wne 364 fosts  Sinco bodrogk wme apparantly nob chvucls, It ruxy
bo ot loash 400 €oot bLoloy tdw mufose in como ploasoss Aocording to owvnilable
voll logs, tho gramd is alboruatingly thamed oxl frosen o o dopth of about
100 Poote Tho proportion of thewod promd inoroacss with dopih end Dolow 180
fool 1t ia probobly antively thawods Shnllor tnterbenring mrovels nrs ensountored
mwmmmmww{ﬁw-inﬁmdmlmmm o lomw tmbter ownl coouss
at dopthiz of aboub 80 to 100 foute

Roglotdvity-dopth profiles obtadned noor Falrbonln sre cubstonticd 1y
in agroenat with woll~logs comoarming the dopth mut diotrdation of fromen groude
Indiontions of bodrool, vhilal hnve not Leon chealod by drilling, have boon
ebtainod ab deptiic of from about 300 to 480 feots
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Pig. 18. — Depth profiles in partly frozen overburden;
Tanana Valley, near Failrbanks.
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Tare e2lt and gravel deporito are thiock the udarlying grovol is
more 1i:oly to by thawmed thoy tho oilts Thowed gravel lgyers mro alno comnon
in thiclt river doponiba, %rg?nfggmw As g vule, thawed provel
dopondts aro wbas-bonringe tmverau wofilos afford o ﬂimph and rapid rounn
of looabing ﬁmm,ml fnoidonbly wnter, in otherwiso {ropem cand amd
.geovol deposite (@vo Mge 11)e Dopth profilos oon Yicdoo boe usod for locating
smtor undar froson doposita by dobternining the dopth at vhioh thoned pround io
anoomborads {(oee Figuros 12, 13, and 18)

Whore the ground ig thwwod, the problon of lconting undoegrounsd
wter i nore dIfPionlt beoouso of tho froquont lnck of wifarmniby in tho
aveerlylng bods end beomino thoe difPorendos in repistivivy oro uob ao great as
botooan thaved and frosen bedde Imder mﬂu.amaiﬂmm, hexzvear; vbor
Vearing provel can bo logntad ab consldorablo dopthss Fige 10 shivey ono of
soveral dapth profilog toben gver o growol ond ollt-Filled crosk chamels €0
10w sarfoso-rendotivity is Zypical of thawed, wot silt, md the inoreascd
ropiotivity ot grocter doptlic 1o charnsteriotic of thinlr notersbonring grovol
bedoe low-rosicbivity bodrochk nt nbout 110 fout io oppavantly indisatoed by tho
gharp drop ot that eleoireds spaoing, vhich colnsddes With tho lysn dopth of
appraximotioly 100 foote Tho presawo of abuiimd water was loter confirted by
drilling.

Pire 20 ghomn a depth profills mm in July dhaeo tho wmtar lovel is ob
a sigllow depths A Ary sondy sxrfuce ocoowrbg for the high owrfacosrealetivitios;
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Fig., 19, ___ Depth profiles in thawed silt and water-bearing
gravel; near Ester Creek, Fairbanks District,
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whilo tho bigh ronistivity of the north lino uyy bo coueod portly by o ooall moo
of nogrwpurfnos frogh, fomed in the dndo of o builiinge Totor ub a dopth of
about 10 foot 4o indicatod Ly tho eouth ropictlvity lineg tho oovbusl vobar
lsvel wo found to be 8 foat bolwr tho axwfnens Tho lor tenpernture of the
wabor, 3°c,mymr&auy,mm for the high rooistivity of tho gouth 1linve



CONOLUSION .

Than pupportod by goolopicol mid rémeralopionl danta, tho nepgnotomobric
mothod 40 of walue in prolininary prospeoting for ebout half of the gold pincerp
in inborlar Alackms It 45 noot sundesoMul thwre plmoors, eontaining mfficent
mognetdte, oro ocusantrnted in payotvenkse It 4o of no talue In loonting
placers vhioh oontnin innuifiotart mpuotite or thosoo with which lnrpo bedrok
onomalion aro angodintoeds Althwough tho magnotonwtric oothind oonnot bo uoed
Por oraluating plooce pround, 1% oftan raltos unnoocosary mwch of tho rolaotivoly
olor ond egpoasivo dndt rocpooting, portionisrly in barran aroonas

Becauco of tin groat differencos in rosictivity bokwon fyrosen and
thavwed roterinl, the dirost owrrond reclodvity mothed offors o rapdd wnd
ralliable ome of delaminiuy the rroal aztent ond apprazionto dopth of poarne
aently frosen womooiidotod dopositse Deotesminoblonn of dopthns to bodrool:
woro not atiroly sabisfnotory owing rainly to the froqont loak of lntewnl
unifornity in the overbumion and in Lodrools

Tntor=-boaring deposits appoointed with permanmtly frosen ground ean
nsaally bo intloctod by loonting tharred areng or otrntae Rien W -overburdon
in thawod, the presmoo of vabter con bs dotarninod wiler foverablo conditionga

Tho Gigh=lloonoy enpiriccl rule « videh stobos that the dopih to o dis-
coatiudty in equal to Hw aleatrodo soparntion corroeponding to the Twonlc dn
the renlotlvity-topth profilo « s found So bo of more gomernl value thon )
dopth onlenlations based an thooretical sonpiderstionss The aapirissl role
ueally hold thaere Mgh-rosistivity nwfaco layorn voro canoowriliored, Coiso-
mantly, noamranente rude during the lato wintor or cwrly oirings vhom tho
purfooe ropiativity io hWgh and wdforn, oro nore enslly inerpretod thnn those
mde during tho lato oupiare
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As{far as has been deteinniicd, tne conceniration of woznetite in placers
results in vositive vertical anomalies. The fori of tne anomaly ajpearc to
oe deteruined by the amount and Adistribution of the nmegnevite through tne
gravel, and by the depth of tne deposit. Gold, when presentl in the parent-
rocks, will conce trate wita the magnetite; Bhus placer gold nmay be
indirectly located by tine meas.reuent of anomalies. However, because of
variations in the proportions of magnetite and gold, they may no% indicate
the location of trne richest ground, and actual gold values can be determined
only by direct prospecting. Correlation of anomalies with prospecting date
will in many cases verait apyroxinate evaluations to be made in edjacent

unprospected areeas,

R
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a. Size of vertical magnetis anomnlies.
Fhe pla cers a-‘p
Vertiocal anomalies amsociuted with, interior Alaska—szswers

have been found to vary rroméégazgmten gammas to several hundred
gammas. 'Thera donhtleps-sre-other-Placers with larger anomalies devs?/ess exis?
an( Platinum pleaers should In general ghow larger anomalies than
gold plucers.
The aize of placer anomalies dependé'on asveral faotors 4=
o7her Fron Show
addition—be the amount of magnetite; among whish are the depth of
the dsposit, thioknees of gravel, pnd the diatribution of magnetite
through Fhe gruvel.Ti;;Bmaxies asgoclated with shallow plegers are
genorally layger and more erratio than those assooiatedﬂwith placers
covered by desp overbdburden, Aa.thiok gravel deposit with no marksd
ooncentration ot mugnetite or gold may show anomulies gimilar in appesreace
Hhrose caused by = - wolieh

ond  mugpitude to, a deeply buried depositA u&ges the eonsentration of
magnetite is largely on bedrook. Thls is 1llustrated by‘n Qom=
porison of: Filg. 8, showing vertifal anomalies due to a thick gravel
deposit in whiah there hrs been little aongentration, with Fig. 3,

whersa oconeentration has resulted in a definite payatfeak. bt

B LIt LRI B i

The minimum measugggble anomaly depends on the senpitivity
of tho magnetometsr and the acourasy of meagurements and ¢orreotions.
Magnetis surveys have been mzds in whigh the maximum error does not

yavestigation

excsed two gammas. With the eyuipment available for this -wewxk the
aaximum error is not gver ten gemmas and under favorable conditions
ig less than six gammag,

The minimum amomaly that can be interpreted depends not only
on the acouracy of measurementa, but on the association of megnetite

avalabilily of data tuat wilf euale the ves figator Fo
and gold and on thqAﬂhiitiy=¢t sorredt foranomalies not osussd by



Lrevarion, Feer

vert. Anomoaly

/oo Feer

Fig., 5. — Treversc srofile of lloose Creek, Fairnvaenks District, snowing
vertical cnomalies caused by a tiick deposit of poorly sorted gravel, Drill
holes spuced 200 feet apari.



the placer, such as those due to changes in bedrosk and overburden.
‘Where a falrly constont magnetlte-gld raticf holde, at least lat~
erally in the devoait, and where bedrook 1s megnetically uniform,
or whers corrections can be made for anomalies, a relatively amall
placer anomaly may bve ldentiflied. As a general rule the minimum
interpretable anomaly;;g ;; least several tihmes the maximum error
in any measursmeni, because of variation Iin the magnatite-gold
ratiol and errors in corracting for bedrock anomalies. Small anom=
alies necessitate more cureful and detailed measurements and more
oheocking by means of shaftsg or drill holes.

The maximum depth at vhich placers may be datested by nag-
netic methods depands mainly on the amount of magnetite present
in the gravel. The maximum depth ensountered in this work was
 511ghtly.over 100 feet, on Livengood Oreesk. The anomalies here are
ralatively large and this plecer could doubtless 8e deteocted at
mush greater deptha. On the other hand, undesr unfavorable conditions ,
the maximum depth at whiloh placers may be outiimed probably 1s not
over 20 feet. The difficulties of measuring and eorrecfly {nter-

se deposils

preting anomulies are proportioﬁal to the deptﬁ;:oth:r f;otors being
equal ¢

There 18 no doubt that the anomalies assooiated with some
plagers are too small to be meusured, or are obsmeured by other
anomalies.auifiis equally certaln that in most cases measurable
anomalies exist. Tholr corresct interpretation depends lergely on

geaphy_;llc\a/
the ability and experience of the sEpnebemreder prospector.



4. Bedrock and other anomalies not associated with piaoera.

Changos in compoaition of bedrock(usually\are accompanied
byrgﬁggziies. In some arsas the bedrook anomalles are large enough
to mask those due to placer concertrations, and corrections must
be made for them., Bedrock anomalies may be determined in areaa
f'surroq@ging the supposed placey, 28 on hillaides and ridgea where
gravel deposits are unlikf} to exist. If they are small enmpared
to the plager aenomalisa they may be disregarded; if large, they
muat be corrsvlated with the areaﬂgnd gtructural geology of the

] / Morvover, ssme
region and projecied across the plnaer. , Acount should be taken of
the differences in depths of overburden in the area oontaining the
plaoer and in the adjacent areas, as the effect of bedrock will
dacrease with inoreassed depth. In addltion, it hae been found that
the bedrock uuder many placers iw more deeply decompossd than on
the hillsides and ridges, and the decomposad bedrock apparently
contains less magnetite than the corresponding fresh bedrook, =um
30 alteration of the magnetite to limonite. While this aervesz:a;usc °f
meke bedrosk anomalies undsr placers smaller and leas abrupt, ¢
aleo deoréases the aceuragy of corrections. Besause of the many
unknown fagtors and beca
projeat bedrook snomaliesyfor any distance, theiecorreotions w%';g-
ugually only appraoximetiona.

SQQimontary rocks or metamorphosed sediemtns have been found
to be magnetically more uniform along the astrike than across the
strike, oconssquently, ocorrectiona for bedrock anomalies may ﬁe
seldom unnecassary for placers whioh lie soroms the strike of the
bedrook. These corrsctions may be difficult to apply when the

bu‘}
placer parallels the gtrike orf the badrock,Ait i3 seldom that this

paralleXism holds for any ¢ nsilderable d4istancs,



™

A numder of magnetometzg traverses were rur in order to
determine the offect of bedrack features such as velns, f;ults,
and intrusions. They are disoussed in the Beopion on buried bed-~

whtcd /5 He touufey rocfC
rock features, Bedding changes in the schiat’ébund-in nost of
the Fairbanks District fusually\ ware/ageompanied by small vertical
anomalies, Fiz, 6 shows ths vertical ;nomalies encountered over
mica~schist coversd by & thin layer of silt and slide. Ths geﬁe}al
parallslism of vhe isogonle lineas andzvhe'atrike of the sechist 1is
evident. Pilg. 7 shows a typleal trdaverse profile run ¥ 60° E
agro9s the South Fork of the Hess River. For the latter survsey,
vertical intensity correctiona necessitated by latitude and longi-

tude chavges were taken from "Alaska Magnetio Tables and Charts

Por 19207 ,1 The anomalles aspooiated with;the country rock,

1 seriel: Wo. 570, U, 8, Yoast and Geodetic Survey.

whish 1s Livengoed Chert, are emall, The gravel anomalics, while

alightly larger, /also\ary small and are in agreement with available

prospecting data. G-/« in swall 7“‘“’/“‘/’&‘5 /3 said do be saatered Tharvough the
ﬂ‘rcxue(‘ near The prcseut siveam chaune/,
As fap as has been detsrmined, sedimentary rocks and meta-

morphosed sediments are fairly uniform magnetically, although eon~

slderable variation sy bo anticipated in some metamorphic rocks,

——— e

Igneous intru-

sions of the granitic type may be amccomranied by amall to moderate
anomalies, while basi¢ intrusions usually cause larger anomalles
due to thei® larger aontent of magnetic miunerals,

Ordinarily, rocks with large magnetite oontent, and hence
high magnetic susceptibility, will give rise to pasitive vertiocal
anomalies. Occasionally, however, large negative anomalies are

found apparently assosiated with rooks of high susoceptibility.
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A negative anomaly emounting to several hundred gammas was found
on Deadwood Creek, in tne Circle District., Because of insufficient
time to deternine its areal extent and?lack of nearby rock out-
crops it vas not correlated with the local geology. Wegative
anomalies may be assoclated with rocks less magnetic than jthe!l
surrounding rocks, or with rocks whose polarity 1s opposed to that
the normal earth field.

Large or consistent bedrock anomalies(g;azagggi§\éfijrec08-
nizable and approximafe corrections can be made for them, but pre-
liminary experience in correlating anomaliss wifh known placers

fand bedrock changes 1s necessary ih any new;region. The onl& rule
for d;stinguishing placer from bedrock agomalies is that shallow

placer anomalieq{gzﬁéﬁkifefbrratic, while‘bedrock anomalies(ﬁsually{\

Ggfjéelatively coasistent. As—wi$h+allmrules,mthere-a;e-axoeptxons

As far as nas been determineq)the magnetite content and -’
consequently the magnetic susceptibility of the silt and muck'over- ~

burden is low and unifonD compared tco the gravel deposits and the

T e PN P St
e e P e I

i ad jacent country rock. Apparently only the finer particles of
magnetite occur in this type of overburden, ind}cating that there
has been some sorting on the basis of gfain size, It is also likely

- tuat the finer magneiite, fespecially that near the gurface, is nore
readily altered to non-magnetic limonite than the generally coapser
magnetite in the @lacers.

Vertical anomalies associated with silt and mucgfoverburden K
have been found to be small., Variations in thickness o7 overburden
have no appr%iable effect on anomalies when the surface is fairly
uniform, aside from the indirect effect of changing the distances

to the more magnetic underlying formetions. However, topographic

W
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corrections are sometimes neéessary in determining anomalies
assoclated with deep placers, wnhen the surface is highly irregular,
The so-called muck benches, particularly where they are cut by
narrow, deep valleys, are often sufficiently magnetlec to have a
slight effect on vertical anomalies and must be corrected for if
placer anomalies are small. Approximate corrections may be made
on the basis of field measurements similar to those for determining
)

bedrcck anomalies! that ig,a number of detéerminations of the topo-

graphic anomalies are made where other factors are uniform. They

- should be correlated with available data on depth~to-bedrock-and-

Thickness of gravel and:iverburden,and in most cases may simply
be subtracted from the vertical anoma;ies.

In conne¢tion with local surface irregularities, such as
small, narrow and relatively deep valleys, there may be some mag-
netic screening, or distortion of the field to conform with the

surface. This would increase the verticel intensity along the
sides and decrease it along the bottom of a narrow valley, and
theoretically, corrections could not be made by simply subtractiing
topographic anomalies as determined by magnstometeyr readings. How-
ever, thesce znomalies are so sgmall, and the effect of screening la
apparently so slight, that no serious error is introduced.

Occagionally, unc:onsolidated overburden with relatively high
sueceptibility may be encountered, as on upper Happy Oreek in the
Fairbsnks District. The overbur&ﬁgﬂ&ere is from 15 to 100 feet
thickfand the upper part consiségslargely of mica- and chlorite-schilst
slide, some of which is only slightly altered. Thex creek has
cut thwough the overburden on the left side of the yalley, leaving
geveral poorly defined benches on the oppesite s;de. The uppermost
bench, which is best preserved, is traversed by numerous, deep

tridbutary valleys, separated by narrow ridges.



In Fig. 8, which shows a portion of the upper Happy Creek vallsy,
the edge of the bench is close to the survey line 6...6, and the
trivutary valleys cutting the bench are represented by intermittent =

we s'f

streamsg whion flow iIne-—westerly-direetien to the main creek. Loocal
magrnetic highg are assocliated with the ridges and with remn;ps of
lower benches, such as occur near station H 12 and I 15. Several
conical remnants of talus, ons of which is near_station G 14, also
give rise to magnstic highs.. The dlifferences in elevation of these
ninor topographic features 1ls from 10 to ZQ fget, pnd the slopes
are fairly steep. The lines_of_equal magnetic intensity somewhat
resemble tovographic form linqs.

Traverse profiles of lower Happy Creek indicated that ver-
tical anomalies of 59 to 80 gammas are asgociated with a more or leas
continuous left 1imit paystreak} which hgs»beeg driftfmined_inter-
mittently for many years. Othgr profi;as across the upper cresk
indicated that a povrly defined 1efﬁ limit placer concqntratiqp
continues to the upper creek and cyosses the area shown in Fig. 8.
However, desgpite the sha}lower overbgr@an in the‘upper valley, the
anomalies are smaller, appgreqtly begause of‘lesq qoggeptration.

The detailed magnetometgr survey showed ﬁhat in tbe upper
valley the topogravhic anomalipa are_}arger_phgg the placer apomalies,
and are proportional hwoth to the change inlelevation and to the
narrowness and steepness of the tributary valleys. _Appro;;mgte
topographic corrections were madg by graph;o subtrgoﬁiqn of topo-
graphic anomalies along eech traverse ;ipe. Corrections were made
in the same way for;bedrook anomaly which extends south from 9:3

and C 9 into the steep right 1imit hillside,

The sorrected magnetic map of the area, ( Fig. 91,shows

5/;146
the apparent anomalies due to placer concentration. 4s the placer



ol

s

Ved ol

/&~

6

Genera/ Striks of

—\ /

Cowntry Rock and Vbins

=,

e’y

Shotr

P ——

e —— 5

v "0

&s

Magnelomefric Map
oF More Rain Clalim
Upper Happy Creek

Fairbanks District

Scale
° (a0 2oo Foo?r

Mognatomslar Srarions Showr by do’s
~ 15— [S0TYynomIc Contourn varticel componar

Conrowur inferval/: 15 gemmas

Fig. 8.




n"

£

4

g

5

| Gerneral Srvike of
mnrrl/ Rockx anod Vains

— e

Maghnetomerric Map
.
of More Rain Clairm N
Upper Happy Creek
Fairbanks District
Shawing Frobable Plocer Anorna//?s\

Scale

100 2oo Feor \
~—115~~= AQpproximale /soaynarnic COan?U)f\I
L Vgrfica/ Compohrent
ConYour Interval 15 gammas
) { L 1 {
A 8 c 17 £ F Ic)

Pig., 9.




Since
anomalies are small end there are several unknown factors, inter-

pretation is uncertain and subject to revision when additional
data_ia avallable. There is evidence of placer concentmation
alopng the left limit bench,and to eheck the smail positive ano-
maly in tﬁe northeastern part of the area shown in Fig; 9, a

shaft was sunk near station G 4 and drifts were run along bed-

rock, From two to five feet of poorly sortedf;ravel)ﬁas found

in this areé;pontaining an average of 30 cents in gold per sguare
o i Tre 3,0‘/"”' s ’ ’
foot of bedrock)Ahardly rich enough for drifting.greund. The

Coemly 5/74 /;/ﬁ*
values are spotted and the gold is worn. The gold-bearing

TR i e e

gravel is replaoced by parren bgdrock slide and silt about 50 fegt
southwest of the shaﬁt; the edge of the g;avel beipg approximgte;y
indicated by the 85 gamma isodynamic lins. The presence of water
prevented drifts from being rmn southwest{ towa;d the crqgk._

Other anomalies, apﬁ}ently asgociated with re-
concentrations of the bench place;, are fognq i@,the present creek
channel, near the @Qchﬁ oflthg tr;butary_at;?gmsf_ Because oﬁ the
eomplex geomorphology of thg districﬁ it is QOubtfgl if the pre-
sent tributaries were 1nstrumentallgnlthe recqncen;ration. The
anomalies in‘the present c;eek chgnnel are small in grgg_apd mag-
nitude, and compare unfavorably with the anomalies_asspciatpd with
workable gromnd on lower Happy Creek., They have not been checked
by shafts, as the ground is“said to be wet.,

Upper Happy Creek 1§ oqguqf thellegg ﬁavoggpl? are;s_for
plagar prqspecting by magnetomeper. The:e ia_no tyue paystrpgk
and placer anomaligs are small because the poorly councentrated

reladrvely o C
gravel contain%‘sma;l amountg of magngtite. In gddition, topo~
graphic anomalies are unusually large. Thq method of correcting

for the anomalles whioh mask placer anomalies is sdmittedly in-

exact, especially where data on the chafacter of the overburden

(y



and bedrock are not available. However, i1t has been found to be
sufficiently correct, even under conditions existlng on Happy Craek,
to permit outlining the more favorable areas. The necesgity of
checking interpretations based on magnetometric data 1s obvious.
In upper Hanpy Creek they serve only as a genersl. guide to subse-
quent direct prospecting and give no information concerning gold
values,

The problem of dstermining placer anomalies is frequently
complicated by the presence of certain artificial disturbances.
Iron tools and machinery, for inatance, are always present on cresks
that Shave besn mined or prospected, and magnetometer statioms must
be located so that they will notpbe arffected by them. Direct cur-~
rent power lines, particularly those with grounded returns, and
telegraph and telephone lines are other sources of_serious magnetic
disturbance; fortunately they are not common in interior Alaska.

Large machinery on the surface may be atkoided, but small objects
guch as old shovels and the ubiquitous tin can are soon covered by
vegetation and silt, or by snow in winter,'and may cause unsuspactéd
errors if magnetome§er stations are ;ogated near ;hem. Yheelbarrows,
to0ld and pipe in o0ld placer drifts may causs large errors, parti-
cularly in shallow ground and in places where anomalies are small,
Iron and steel are often polariged and may incr@ase or decrease ver-
tical intensity, depending on thei? orientation. The flow of“water
through hydraulic pipe may 2leo change the direction and intensity
of the assoclated magnetic field.

The location of artifieial sources of disturbance on the
aurface should be known, and magnetometer stations should be placed
outside of their zone of influence. Abandoned placer drifts should

be mapped if possible, before making a magnetometer survey and doubt-

ful readdgs over them discarded, as it is imposasivle to correct for



-the effect of an unknown amount of iron. Since magnetic objects
above ord below a vertical magnetometer have a much greater effact
than those on the same level, tools buried undsrground may cause
proportiopately larger errors than those on the surface. ¥or ex~
ample, a shoval placed in a tunnel 30 feet directly bslow the
magpetometer caused a maximum change of 20 gammas in verticel in-
tengity, while the same shovel when level with the instrument had
no appreciasble effeet at a distance of 15 feet,

The following table gives the approximate distancesthat

should separate a vertical magnetometer atation from iron objects.

Table II
Jatcnes, knives and other suall objects...15-25 feet
Wire fenc‘es..li.bl.‘..ll.l.lllC...ll..,“ClsO feet

Small cased wellSe.vovsrraeaaraannasss...100-150 feet
Pipe lines, boile;s,_iron tankst.f...f.f.ZOO—soo feot
Railroads, mills.ieeensssvscssrsncvsassad00 feat
An automobdile should not be clogser than 150 feet 1f 1t is standing
to the magnetic north or south of the instrument, or 200 feet if it

1z to the east or west.



6., Diurnsl variation and magnetic storms,
Anomalies associated with placers are locgl changes in the
earth's field intensity that are caused by variations in the mag-
netic content of placer gravels, These anomalies are constant with
respect to time, but vary according to the position on the earth's
surface. There are other variations in intensity and direction of
the magnetic field that are essentially functlons of time and that
are the same 1In sll parts of any locality. Correetions must be made
for these variations when determining relatively small anomalies.
Variations that are functions of time are both periodic and
irreéular. Periodicﬁ variations include diurnal, annuel, and secular s
changea in the earth field, of which only the diurnal variation is
large.gnough to affect determinations of small anomalies, Irregular
variatiqns, when they are of considerable magnitude, are known as
magnetic storms.
Diurnal varlation is a fairly ;egular, daily variation iglthe
intensity of the field from its mean value, and is chiefly a function
of local time., In interior Alaska the vertical somponent o: ﬁhe
magnetlic field ordinarily reaches a maximum due to dinrnal variation
at about noon and é minimum:aﬁ about 6 P. M. The total variation
may be from 10 to 40 gammas, The rate of chgnge ig moat rgpid:in
the fore- and afternoon and least rapid about noon and midnight.
Magnetic storms are sudden, large and irregular cpanges in
the magnetic field. They usually are more lntense in high latitudes,
and in interior Alaska may cause changes in the vertical eomponent
of 500 gammas or more within a few minutes. correspondingly large
changes ocecur simultaneously in the other magnetic -elements, The

causes of magnetic storms are not fudly undgrstood and it is-

impossible to predict.thelr ocourence or character except in a gen-



eral way. There 1s no apparent relation between magnetic and
atmospheric stomms. They appear to be associated with sunspots,
auroral displays and earth-durrent irrsgularities. During violent
magnetie storms, radio and tslegraphic communication 1s adverse-
ly affected.

Sunsgpots and related phenomena are cyclic in character, with
a period of about 1l years between maxima. The activity gradually
inecreases to a maximum in violence and frequency and similarly de-
creases. During the past several ysars there has been maximum
activity, and during the next several years there shauld be a ds-
cline in the frequency and violence of magnetic storms. A shorter
and less well defined cycle which governs magnetic storms appears
to be assoclated with the 28-day period of rotation of the sun about
its axis. iagnetic storms usually subside when the sunspot is
turned away from the earth and reappear when the sunspot is again
vigible. It'is of course possible for magnetic storms related to
other sunspots to occur in the interim. A daily cycle, dependent
on the rotation of the earth, but not related to ordinary diurnal
veriation, is also evident at times. Thus, during magnetic storms
lasting for several days, periods of jaximum and of minimum dis-
turbance occur atv apout the same time each day. In planning mag-
netometﬁy@ surveys it is important to take these c¢ycles into ac-
count, so that full useﬁmay be made of favorable periods.

Pig. 10, copled from magnetograms obtained from the Sitka
ilagnetic Cbservatory, shows variations in the vertical comronent
of the earth's rield during & normal wulet day, and during a msg-
netic storm of moderate intensity. Fig. 1l shows the major vari-
ations during a period of 118 days from August 10 to December 6, 1939,

and i1s a condensation of Sitka magnetograms and of field data ob-
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RESULTS OF THE GEOPHYSICAL PROGRAM OF THE DEPARTHMENT OF MINES - DECEMBER, 1940.

The experimental geophysical program was initiated in July, 1939, so
that a year and a half ‘Maféaﬁ devoted mainly to this work. If the pre-
liminary explanatiouns are omitted from the accompanying paper,entitled
"Some Rasults of the Experimental @eophysicel Program of the Territorial
Department of Mines™, it may then be considsred to summaerize the results of
all the work done e§2223255,3hamwdg32mgghgggggground wateoxr,

It was found possible to determine the location and approximate depth
of water-bearing gravel under permanently frozen ground wherever tried,
therefore it is probably safe to say that it is possible in the majority of cases
The greatest depth® at which sdpweissewh water was indlicated by resistivity
methods was about {00 feet, but under conditions encountered so far it should
be possible to obtain reliable indications to depths of several hundred feeto
In determining the presence of water under frozen, unconsolidated deposits,
advantage waa taken of the great difference in resistivity between frozen and
thawed meterial, The resistivity method in this case #new ym% indicatesthe
presence of thawed ground, rather than the actuel presence of water, therefore
a knowledge of loecal stratigraphy waes found to be helpful in interpreting the
resistivity meassurementas., As a rule, however, thawed sy,ots, or layers, in
unconsokidated ground are likely to be water-bearing gravel,

Where the overburden is thawed, the problem of determining the location
efidvapproximate depth of water-besaring gravel is more difficult, excepting
where the gravel is very thick, or close to the surface. Undsr favorable condi-

tione water nhas been located under thawed ground at depthes of 80 to 100 feet.

The resistivity of water-bearing gravel is higher than that of merely moist .« 7.~

gravel or ailt, but is much lower than that of frozen deposits.,



RESULTS OF GEOPHYSICAL PROGRAM. -2-

During the 19%9 field season mosat attention was paid to learning some-

thing of the possibilities and limitations of the geophysical methods used,

Ehﬁfﬂ while during the 1940 season more attention was paid to the correlation of

lﬁﬂ'”° 2
*'_gggigglcal and geophysigal dataf A case in point is the wor I ,on Lster Dome e

’-‘\.“M
ﬁ%&mﬁﬂ‘ z:fgurlng which as much information as possible was gotten from a few natural ”péﬁ
11(
2
bedrock exposures and from what prospect trenches and pits were already .?ﬁég
-y

there, and during which magnetometer and resistivity sirveys furnished supple-

mentary informetion where no bedrock exposurss could be found. Although this

work wae not been completed, enough was learned to show that the general f@g#
v, 'y,

procedure pa is woll suited to interior Alaska repgions.



(doite Kewiip),
THE ISS-OF-430PHYSTCS TN PROBPICPENGOA BASE METAL ORZ DEPOSITS. —

Of the various geophysical exploration methods available, the
magnetic and electrical methods are of greatest value in prospscting
for base metal ore deposits. The method used depends on conditions
as determined by preliminary geological studios, Often it is nscess~
ary to use more than one method to obtain conclusive results.

Magnetic methods oan be used to locabe deposits, the magnetic
properties of which are measureably different from the surrounding
rocis, Thé&are of special value in finding hipghly magnetic deposits,
sich as magnetite, ilmenitse, chromits and pyrrhotite, bul are also
ussful where the positions of ors deposits are determined by geologic
structures, Rapid travsrses over highly magnetic deposits can e mads
¥ with a dip nsadle, or with ons of ths loss sensitive magnetic
fisld balances, fhere detailed and precise measursments e Necossary,
e Scrmidb-type fiald balence - muek ax—&k similar to the one used
by the Degartment of .idlnes for magnetic surveys in interior Alaska =
should bs used.

Most 2lectrical methods depend for their operation upon the oreation
of an alectric field of force in the subsurface. This field may be
produced either by passing a dirsct, or alternating, current through
the ground by means of conductors in contact with the surface; or

by sending in electromagnetic, mxxrzdim (radlo) waves without making
contact with ths surface. These methods utilize the differmnces that &x
oxist between the electrical properties of relatively good conductors,
a8 base metal ore deposits; and poor conductors, as siliceous rocks
surrounding ore depositss

The direct current resistivity method used by the Department of
Mines is capable of obtaining information at comparatively great depths,
but 1s slower than sofie of the less powserful methods. For rapid
reconnaissance surveys, any one of the several low-powered raddo methods
should be useful in prospeocting for large deposits in southeastern
Alasksa, - Ertiing :
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Henry R, Joesting, R
Assoc, Mining Engineer, - )Gqﬁjgi ;
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Date: November 9, 1940
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Announcé = "The University of Alaska program," \Vg‘
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3
The administrative and the academis divisions of =§$§
the University of Alaska bring to you their thirty- |

fifth radio broadecast and the fourth in the serles
"An Episode of Gold."
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"Phe Influence of Glasiation on Gold Prospeeting in
Alaska” is the aubject of a report prepared by the
School of Mines. The report will be read by John
Newosomb, a student,

PREFE TR TREET BN E A&

You have been listening to a dissussion concerning
the influence of glasiation on gold prospeoting in
Alagka, ’

TS SRR EA 222 2 22 4 ¢

Ona week from today you will hear the fifth of the
sories of "An Episods of Gold,"DiMenry Joesting,
Associate Engineer in the Terriforial Departwent
of Mines, will discuss the geophysiocal methods of

prospesting,.

Submitted by

Z il

Evarett R. Erickson
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About a year and a hslf ago the Territorlsl Depariment of
@rpe SInieu 'IQ/ .
¥ines innugurated_a modestﬁgeophysical progrargfer the purpose
15 progruy was fa defernes? could
of detorrinding to rhat axtent geophyslcal methods <can be used

ug aids to mining and prospecting in Alaska, &ﬁ—éﬁfﬁ“ﬁﬁfk?“rﬂ

AL Cat - > - - . &J«‘Z{@(&v _‘// IR Ei! )
é?gm~§§z§§2§* A%;au&e»br&é& Aisome of the gold mining andé prospect-

L

Iny problems ;;% whilch geophysicsl methods hreve been apnlied,
M"»'k..,ue-f"'
and also BWese of the resultsz of the experimental

-1

oot Et) work done by the’Department of Mines.

Firat, -eeowever, 1t n&éﬁfkgu well to define the Lorms
zeophysics and geophysical prospecting. GCeophyales means, liter
ally, earth physics. It is an extremealy broad sclonce, since
1t hes to do with messuvuremenlt end 4intexpretaltion of sll physicsl
pheromena encountered in or on the e¢erth, Iin the sea and In the
atmosphere surrounding the earth. Xor convenlence, geophysics
is divided into séVeral hranches, somé of which are important
enouzh to be considered as sceparate sclences. Some of the 1mpor-
tant br%éhes are meteorology, oceanogyrdaphy, sgeodesy and geophyal-
cal nrospscting.

Geophysical prospecting is concerned with messuring and
interpretins differsnces in physical propertles that exiast he~
tweon mineral d epogits and thelr enclosing ryocks, particularly

when thelr »resenze 1g not indicated by surfhce outcrops,.



Therae are Iour jgensral geophyrlcel methods in conrion usge;
namol%:ﬁﬁb magnetle, electrieal, grsvimetric and solsmlec. Each
mobiod depends on the exiptonce of measureavle dif'ferences How
tween the mingrel deposits and the mdjacent rocks in masznetlc
vermeabllity, &lootrical conductivity, density or elmsticity.
ihe cholce of igeozhysical mélhod depends on the partlcular nNrop«
cectbing oroblen: and also on agueh {actors ag the ooyt andj?lmo
reavired to get resuvlts. If the supnogsed deuncslt is relatively
shellsw and easy to progsect by ordinaxy methods, then the -eo=
physical method nust te simple and tnexpenalve to be of any
practlcal uvnes On the other hand, 1T the depcslt 1s deepn and
nroapecting is expenaive, 1t la pseesible to vae more slsborats
s00.hyalcal methods and still save t ime and mowvey.

The magnetls snd the elestrilcal methods were shosen Ly tle
Copartment of #ines for Lita Inltial experimental work ovecause
these methods are appllearls to ths & tudy of most of the Iimpor-
tant prospecting and minilns problems ancountered in interior
£laskay algo the coat of Instruments and of field work is ocom-
'paratively low. They offer thoa dditional sdvantages of speed
and simvlielby of operation. <Yherefore, these two retheds atand
the btest chanste of being of eventusl general use to the amall,
48 well na to the large operator and prospector.

How, having briefly reviawved the varioua geophysicesl proge
pecting wothods avallable, let us look into scme of the provblems

connected with $0ld prossecting and nining to which zeovhysical

mothods wmixht be epplied.
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Aracker-reswdtvrem the muck, sllt, and residual deposits that

’al 4 . . . « - - p
Al Koo prosd ot Tl prnglans e cenicedadl wifn

cover s large part of the country, particularly in the mature
reglons. Hany of the deposits are permanently frozen; others
are thawed. They range in thickness from a few fest to several
hundred feet and constitute the principal handicap to prospect-
"ing for both lodes and placers.

e i

/ Abydeusiy;s the-provlems tHEE Hay - Ye préfitably-attyikad

~

Ao | by_geophystcalmytlivde-are-thove resultivg from the présence of

overbunden. They are ta.sa-large-extent-umiqueto-interior

Alaska-and--to-geograpiicelly-siniler-regions. The most impor-
~— am wlicel gespligssce/ pwork' hag becn dowe HIre |

tant of theew problemgA&*e: first, the locatlon of buried plac-

ers; seoond, the locabtlon of buried lodss, and of faunlts, contacts

)
end intrusions that may hove a bearing on minerallizationy snd

third, the determinstion of depth‘df'thawed and pevmenenthy firoz—

Ili;;iﬁglmﬁ . ?yerburden and-the distripution of pernmnently frszen. ground.
(i:;ﬁiﬁéﬂz;,/igégﬂﬁg;}1ocat1ng and outlining buried placers the magnetic
'ﬁ%ﬁﬁy‘@z” method appears to be best adepted. The Instrument used for this
FJ/ﬂgﬁ“” work ls known as the megnetlc fleld balance, or vertical magnet-

ometer. It 13 not only extremely sensitlve, but surveys made
with this type of lnstrument are rapid and inexpensive. *he
magnetometer can be used for proaspecting for placer gold because
magnetlc minerals, or black sands, are commonly assocliated with
the gold. Thus, in maeny cases, placers may be outlined simply
by finding the maximum concentration of black sands.

Now, 1t 1s well Mnown to everyone who has done any placer
prospecting or mining that the amount of magnetic black sand
varles In different placers. Some rich placers contain very
1ittle black sand, whlle the reverse i1s true with respect to

some low grade ones. And, slnce magnetle minerals are much more



widespread than gold, black sand occurs 1n many gyavel deposlts
that are entireiy barren of zold. The presence of both gold

and magnetlc minerals in ngcera depends primarily on an adequate
nedrock source of both matorials. sor this reason, prospecting
for plucoers with s magnetometer gshould be confined to mineraliz—
od rezions.

In order to dotermine In & resmsonably short time the appli-
oabllity of the mmnetic method to plscer prosvecting in latorior
Aleska as a whole, about 110 aemples of concentrates from 354
creeks were oxemined. Haegnetic minerals, the most lmportant of
which was maznetlte, were fouldd in sll the samples, In amoun 8
ranizing from 1 to over 504, ilagnetometer surveys were then run
over several plmncers to d oetermine the relations betwoeon mepnatic
minersl content and ltgeffect on the magnetomoter. Connlderable
sannding was alan done to ascertain whether me netic minerals snd
gold were zencrally concentrated In the sano parts of placors.

It was found that the presence of relstively emall amounts
of blaclk sand cesn be detected by the msynetometer, aslthough of
coursae wore blrck sand is necessary in deep, than in ashallow
»lacers. Congidered on the basis of black sand centant alone,
gabout 754 of the placers in the interlior c¢cmn be locatad by maie
netometer anrveys. lowever, other factors, chief of which 1s
occanional irrorularities In the wapnetie properties of b edrncl,
reduce thilsg figurc to an estima ted 50%.

Hhere the paystreoak 1is well defired end more or less unie
form, the ewount of black sand has veen found to bhs proportions

ate to the rold c¢ontent, apd theae placers can ho ontlined with



conslderable accuracy. On ths othor hand, where the ;sravel la
rot well sorted and there is noc true payatreak, the plscer c¢on
at besct be only sporoximstely ountlined. Frow data gsthered in
thls experimentnl werk and from a knowledge of the geology, 1t
19 now possible to prodicet whether oy not meznetlce methods can
be usad successiully in any reglon In the interjor. I should
montion, however, that the rmethod does not eliminate regular
progcecting, but Lt doos in some cuses eliminate much prospect-
ing in barren ground. 7The low cost and rapldity of maznetometer
surveys meke them worth trying whenever drilling or shaft sinke-
, ‘HX) ing 1s difficult or expensive,
(A n =X
ﬁ¢u;ﬁ:::f_7yfha geophysiciat 1s uyp against s difflicult pgrovlem in de-
viging a method for detectling or tracing bLurled zold-quariz
veins. licgt gold=quartz velns sre smell and thelr physical
properties are often not materially different from thore of the
country rocke Even in a veln musaylng two or thres ounces to
the ton, the anount of r;oldx 1s tco small to be dotected divect-
1y by any known geophysical wethod. lHowever, worthwhile resuvlts
may often be obtained by utilizing a comblustion of geology and
geo hyales.

The posltlon of s veln may be controlled by faulting, or
by the contact of two disal-ilar roeks, or it may henr a ded-
Inite relation to intrusions of igznecus rocks. In neny crges
it L8 possible to trace these atructural feasbtures by one or

~ore geophysical methods. For example, there 1ls often sufficiént

o



difference in the magnetic properties ol rocita on oprosite
aides of g feult gso that it can Ve freced by 8 magnotymeter
gurvey. Simiisrly, lzneouas rocks cen vo locsted, syl in jone
eredl say econtact of dlssinllayr rocks can e treced through
differences in magnebvlo vproperties Grel tn This wenner “he pueseics
54 wartz yelms cdu o'f{ﬁm e (ndicated,

an electrical methiod that meaaures the conduetivity of
burled formatinns has Hesn used sucecesslfully for tracing fault
zoned and veins occurviyg in favlts, Jault 2oees uguslly ene
taln brecels and goupge sand thia mesterlal will coriuet en oJocw-
tric current nore readily bthan the undlisturbed rook on both
aldeg of the fault,

Joth magnetic and oleotricel methods ksve “ecen used by

tho Uecartment of Hinesg for the pgurpose of treclny bedrock {one
Wl‘“" w et T A, (VRN l’)S are C?,:Sd(,/’)'lzd-/
tures associsted L8, A8 8 Yule, 1t hes beon

found necessery to start the geophysleal surveys wherd céndle-
tiona are nlready inown, sfter whieh the survey 1s outended to
unknown aressg. Gesphysicel prospecting for lodens can Lelused
rogt advantajrecusly to supslement geologleal work asd in conipoe

tion with direct pvospecting. As with placer investligations,

4 * ‘pfdfp* the prirery elw 1s not to eliminate direct prospec£iﬁg entiraly,
/%ﬁfz " but morely to reduce the swount of this mlower and more cyoens
W _

7 aive type of work that 1s so ofton ¢ong in unfavirable areas.

,gp/w" //%7ﬁeaides Ehe work on buyled placers and lodws, tho epart-

¢”§MJ /// mont of Mines hag carrisd on axperinantal work for the purvode
pa

t Sl @,q

NP Jb ontent of vermapently frozen ground and also Yo detsrmline depius
WV

it

=
7
I

of developing zeoghyslesl moethods to d etermine the lacetlon and
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It was found that frozen mick and gravel are extremely

‘poor conductors of slectricity compsred to thelr thawed counter-
parts. Advantage 1is taken of thesea dlfferences in conductivity
to develop a rapid and s inexpensivé method of finding the ex-
tent and depth of-frozen deposits. Consideravle attentlion hag
also been pald to the problem of finding ﬁhe thicknes s of wmuck
and gravel 1n both thawed and permanently frozen areés. It 1s
posslible at present to determine depths when conditions are fair-
ly simple, but where depths are over about 50 fset, and whers

both frozen and thawed ground are encountered, results have not

been uniformly satisfactory. '
%;ﬁgzg:ﬁ;igﬁ;tn:shew;th& éghe geophysical work

Yelng done by the Department of Mlnes 1s gti1ll in an experiment-
al stage; neverthesless, enough has been accomplished to prove

that geophysics has a deiinite and an important place ln gold

Atk fbteg il lode, S Al g it batipiiai o
pr‘ospect‘ing/ anamj; o s TEAt ?( oot iT ok vt pord il
""" I have fioticed that in general, and

NGS*

t&enav\people can bs placed in two g roups asg regards thelr atti-

tude towerd geophysical prospecting. One group, the superoptom~

ists, confldently expocts mirecles and belleves that the geovhys-

iclst cen look into the bowels of the earth and tell exactly

what 1s there. These people are doomed to disappointment aswd—im
SRS o-BewbakenA-wyatrands. the other group

discounts the possibility of geophysical methiods being of any

\\\help whatsoever in prospecting or mining. Some in this group



are opposed to anything they don't undersvand, whereas others

are just netually resctionary end opsosod to chenge. +he true

state of affairs liea somewhere totween theso widely :llvergent \3

views: CGecphyniocal wethods heve ln many cages apeeded ur aros- (
\

necting and wmade 1t less expenalve, bul they have not eliminat~ \

\
8d the need for unrossecting with plck and shoval or with drilli)

and they are not llikxely tnm Jo 80 in th¢ near futuro. -

Henry Jooasbing
Agsoce A1¥ing bngincer
Cepartment of #inos

@
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Resistivity of U..erlying Beds and their Application to Geophysical

T
Yuremy S

Problema: U. B, Bureau Mines Tech. Paper 502, 193l.
Irwin Roman, Some Interpretations of Earth~resistivity Data: A, I. M. E.
volume on Geophysical Prospecting, 1934, pp. 183-197,
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Table

Apparent Resistivity Mean Apparent
Material Range, ohm=-cm, Registivity, ohm~cm/ Localityl
Thawed, moist silt and 4
vegetation nmuek (in valleys) 3,800 - 35,000 1.1 x 10 a,b,0
Thawed s8ilt and slide, 4
dry on surface (onslopesy 50,000~ 190,000 8.0 x 10 a,b,e
Frozen silt and vegetation ' 4
muek 135,000 - 600,000 26.4 x 10 a,b,0
Thawed moist sand, fine
gravel and clay 22,000 - 65,000 4.2 x 104 a,b,e
Thawed mobst gravel 41,000 - 71,000 5.5 x 10% a,b,0
Wiater-bearing gravel 100,000 =~ 195,000 13.5 x 10% a,b,e
Frozen sand and figyéravel 630,000 - 2,400,000 120 x 10% a,b,e
Frozen gravel 780,000 - 4,100,000 220 x 10% a,b,c
Frozen surfece silt at -10°C Zpon, 909 = 2,029,120 sxe X'¢; @
Frozen surface gravelat -15°C 2,502,020 = M 202 200 er s ‘i
Thawed soft mica=-, ehlorite-,
and graphitic schist 20,000 - 80,000 3.9 x 104 a,c
Thawed hard quartzitie schist 200,000 - 300,000 16 x 104 H,0
Thawed conglomerate 22,000 - 70,000 6.0 x 10% e
Prozen conglomerate 1,200,00 ~ 1,600,000 140 x 10 ¢
Thawed chert 140,000 - 200,000 17 x 10% b
Thawed limestone 5075000 - 84,000 6.5 x 10% b
Thawed argillite 26,000 - 70,000 5.7 x 10% b
Thawed grenlte 85,000 - 185,000 15 x lO4 c
Thawed serpentine 114,000~ 140,000 12 ¢ 10% b
Partly frozen limestone :
and serpentine 270,000 - 1,500,000 57 x 104 b

a - Fairbanks Digtrict; b - Livengood District; ¢ - Circle District,
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tained in interior Alaska. The ewrwve indicates that magnetic

conditions improved during November and December. In general,
magnetic disturbgnces during any year are at a minimum from
November to February, and reach a maximum from May to August.
March? April, September, and Ootober are intermediate in this
respect. The dgily and Ze—day cycles tpat govern magnetic storms
are al:zo apparent in F;g. 11, but the sezale is too gmall to

ahow dlurnal variation,

During relatively guiet periods co;rgcﬁions for varigtions
can be made 80 that small anomalies are measurable, but during
stormy periods, when/irregular fluctugtions may be considerably
greater than the anomsalies, magnetometric tield work cannot be
carried out by ppgsent methods. Tables III and IV show the
relatlive numbe; of quiet gnd_d;stqrped days dur{pgjthe ;gtter
part of'lg'ﬁQman:c} during.:hqwummerbf.‘l%a. ,_,1CQmPl§tMeqor§s_
f&r thé ;;ﬁ;z; of 1938 were nqﬁ_gya;;able When‘thig rgfort_was
written and the stated percentages of disturbed day may, as a
result¥, be gomewhatl in error. Quring the disturbecllAdays, _which
include those during which gmall, butlirregu_l_ar fluctuations,
as well as magnetic stormg qqcurrgd,_gmail anomalies coudd not

be determined with suffleient accuracy. N

4y



Table ITIComparison of Quiet and Disturbed Days: Aug. 11 - Dec. 6, 1939

Month Number of Number of Total Percentage of
Quiet Days Disturbed Days Days Disturbed Days

August 14 7 21 3%

September 25 5 20 18%

October 22 9 31 29%

Novsmber 27 3 30 104

December 5 1 6 17%

Total 93 25 118 21% (average)

Table IV Comparison of Quiet and Disturbed Days: May - August, 1938

Month Number of Number of Totel Percentage of
Quiet Days _ Disturbed Days Days Disturbed Days

May 10 ’ 5 15 334

June 15 9 ' 24 7%

July 8 16 18 56%

Angust 6 3 9 174

Total 39 27 66 41% (-everags)




8ince only one magnetometer was gvallable for this _
investigation, corrections for varlations were made by teking
hourly readings at a base station, conveniently located in the
area being surveyed. From thésge readings sufficiently accurate
corrections could be appllisd to readings taken dufing the in-
terval between the base-station readings, if the variation was
small or if the rate of change was uniform. Magnetograms ob-
tained from Siltka permitted an approximate check to be made on
the occurrence of sudden changes between ths hourly base-station
readings, but because of the distance, the variations at Sitka
de not corresvond exactly to those in interior Alaska. ‘When the
reading at a new station was considerably different from those
at prededing stations, an imnediate check reading was taken at
the base-station or at a preceding station, to ascertain whether
the difference was crused by an anomaly or by a sudden fluctua-
tion in the earth's field. In this manner the error at any
station resulting from incorrect determination of diurnal varia-
tion and from changes in the constants of the instrument, wes
not over 5 gammas, and under favorable conditions was as low as
2 gammag. The maximum total error was below 10 gammas and on
some surveys wasg 6 gammas.

It 1s evident that the field procédure deseribed is un-
economical. The necessity for frequent check readings decreases
the speed of the survey and increases the cosﬁ per station. The
usual method, when small anomalies are $t0 be measured,is to em-
ploy two instruments. One instrument occupies a base station,
where readings are teken at § or lO-minute intervals, while the
magnetic¢survey is made with the other instrument. Automatic

recording magnetometers, which keep a continuous record of varia-



tiong, are also available. The use of a base-station instru-
ment enables more accurate corrections for variations to be
made, and by eliminating the necessity of taking hourly base-
station readings with the surveying magnetometer, it increases
the ;apsed of field work. A magnetic observatory in interior
Maska, by keeping a continuous record of variations, would
serve the same purpose as a base-station instrument.

.ven when a base-station instrument is used, placer
anomalies cannot be measured during magnetic storms. However,
the time nced not be entirely lost, as other work connected with
the survey may be done when nagnetic conditions are unfavorable.
This :.ork includes investigation of surface exposures and pros-
pect holes, gathering of data related teo thickness of overburden
and gravel, collection and study of gravel and bedrock saumples,

location of magnetometer stations, and calculation of results,

activities which occupy at least half of the time in most surveys;

Nevertheless, the lrregular magnetic conditions which exist in
Alaska seriously handicap magnetometric prosvecting, especially

when it is necessary to measure sinall anomalies.



Buried Bedrock Features

s preliminary study wzs made to determine the useful-
ness of the vertical magnetometer in outlining and tracing
various bedrock features, such as faulﬁg. igneous intrusiqns,
an@ velns., The magnqtometer hgs begn successfully used to
study simila; problems ;n other parts of the world, but as
far as_is known tLiy—hgg;»not been used before,;n 1nperior
Alaska. Where_app;icgble, the: rela?ively low cost of mague-
tometer surveys whould maks them of consi@grable valge, es-
peqiglly in regions where unconsolidated overburden is preva=-
lent.

The_magnetometer will, in_gene;al, revaal qpangeg in
the chpoaitiop of rocks, since guch ghgnges are usually_aq-
oompanied by changes in their_magnetic>propgrties, and_conge-
qugntly by yert@qal anomalies. The magnitudes\of the vertical
anamalies are governed_py_the masases pf thequcks involyed, ag
wall as by the di:ferapqes in the;r magnetic propertieg._
Measurable anomalies, consgsquently, will usually be agsociated with
large igneous intrusions, the magpetic properﬁies qfwnioh may
be only slightly qifreregt from thosg of th§ }ntrq@ed_rock, whera-
as & narrow dike of the same qomposition woglq cause much_smaller
anomalies, For this reason smgll rmassed, such as velns, may be
traced only 1if phair magne?ic propert@es are oonéiderably air-
ferent from those of thelcountry rggk. Var;atiops in composition
within a rock formafion nay also result in measuraple anonmallies,
as shown in Fig, 6, where bgdding changes and the strike of the
schist are reglected by_changes in vertical intensity, Similarly,
displacement of rook_masses through faulting may bring into con-~

tack rocks with diffeérent magnetlic properties. As a rule, the



size of anomalies related to faulte will be more or less proportion-
ate to the gmount of displacement, since faults with large displace—
ments are more likely to bring disaimilar roecks into contact than
small onesd,

_The resu;ta of reconnaissance magnetomeﬁer surveys over
various typeq of geo;ogic structures are gilven below., Since little
detalled work was dong, they ghould be regarded merely as indications
of tﬁe applicabllity of the megnetometer to these problems,

The profile acrogs Livengood Creek (Fig.%&i) ehpws a large
vertical anomaly resulting from the presenae of sqrpentine in con-
taot with relatively non-msgnetie chert and ehalg. The total verti-
cal anomaly, which 1s not ghown in Fig. 3, is geveral thousand gammsas.
in megsuring very la:ge anomalieg, such as thqse which are often
agsoclated with basic igneoug rocks apd w#th othe? rocks of high mag=-
ngtite oonteqt, it is not necegsary to apply correctlons fof diprnal
variation, and fileld @eagu?ements>c&g be m&d@ more rapi@ly because
less care_is necessary in obtginingimagnetometgr readipgs.

A north-south profi;e aeross pert of a quarﬁz-diqritq 1ntrus;ou
in mica-schiast 1s shown 1n ?15 12. The overbu:den,which is_approxi-
mately 5 to 15 feet thiek, consists of float and fins rock material,
covered with moss. The trgverse was run ip the winter, when 1% :was
not possible to collect samples of the ;ntrusion and of the country
rock. The approximate looatiqn_oflthe coqtact was determined pre-
viously from examination of prqspect holes and float. The anomaly
asgoclated with the intrusion is fairly small, as would bs antici-
pated from a rock mass with_magnetic properties not greatly different
from those of the surrounding rock. As 1n tbe measurement of all

small enomalies, corrections must be mede for diurnal variation.
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The oacurrence of a magnetle high over the north contact of the
Intrusion might indicate a slight segregation of magnetic minerals
along that contact, or might mean that this eontact dips less
steeply than the soutp contact, A dstailed mggnetic survey, tof
gethqr with a geologic study gf'available expogures, would ve nee-
agsary before definite>statemants could be made concerning the
nature of the contacts.

Filg. 13 shows a negatlve anomaly over a large alteredlaplite
dike near ths head of Cleary Creek, in the Fairbanks District. The
dike rock oconsgists almost entirely of quartz and decompoased feldspar,
and has a gneissic texturs. The small negative anomaly is caused
by the low magnetite content of the dike rock, compared to that of
the miga-schist country rock. The»miédle part of the dike, thch
is about 40 feq@ wide, contains on;y 0.45%Im§gnetite? compared to
a magnetite sontent of 2 to 3% negr'the walls. The country rock
;;izgel feet from the dike walls contains from 4 to 6% magnetite,
as_detgrmiped from several gamplqs. The c;ose'relationship_betwgen
magnetite content 9nq'vert;cal apomaligs is shown in jhe profile.
Other profiles, run near py where th9 ova;burdan was eatimated to be
about 10 feet thick, showed gimilar vertical anomalies, and_it is
apparent that the d#ke oouldlbe outlined by means of a detgileé
magnetometpr survey. However! ag is genera;;y the oase whers small
anomallies are concenred, it_would be necessary toatgrt-such a sur-
vey where magnetic results can be correlated with known conditions,
before extendlng 1t to unknown regions,

The vertical anomalles agsociated with a steeply dipping
fault in mica-sehist are shown in Fig, 14, The displgcembnt of the

fault 1s not known, but is probably at least 200 feet. The cver-



TTine T ———————_ — ; - !_A ‘ .
—_————— Progpec? | FPrench ,1;
0
Scales
Distornce, Feer

o So 0o

é /o 20 _9'0 4;43 5'0

Magnaric, Gammas
Fig. 14. — Sketch map showving vertical enomalies associated

with fault zone at mwouth of Pedrock Creck, Fairbanks Districht.

75% ,{

ical AnornolY

i

Vé

Line /

\"Quarlz Veirn

i.

Scales

Distance, Feel
(-] JP o0

o © %o 40 ¥o Zo
mMagnertic, Gammas

Pig. 15.— Sketcn map showing vertical anomalies associated witn
large quertz vein on ecast side of Ester Dome, Fairbanks Digtrict.



Iburden varies in thicknesa from about 7 to 15 feet. The small
anomalies aseocliated witkh this fault would require a detailad

and accurate magnetic survey in order to determine its mpproxi-
mate direction, and would require a comparison of anomalles where
oconditions are known with those where oﬁerburdenloovers the con-
solldated rocks. 8Since the approximate direction of the fault
shown in Fig. 14 can be determined from a kgowledgg of phe_geology
of the area, the practical valug of a magnetic survey for the
purpose of tracing thlis fault is doubtful. It 1is likswise dqubt-
ful if magnetic methods ure part;cularly applicable to $racing most
of the relativeyy small faults that are assoclated with the gold-
quartz veins in the Falrbanks District, since the anomalies asso-
ciated with tpem are generally small, and thelir gega@aircharacter-
istics are known from updgrground mining.

Mggnetometer t;ay@regs were run over geveral sma}l gold-
quartz veina of_the“type rognd";n_the Fg;rbanks_Dist;;ot. Inlmost
cases the vertieal anomalieg directly agsqciatad_with_the velins
were smallgr then those resu;ting from normal_vapiations 1; the
country rock, and as a rulq no interpretable results were obtailnable
when the small velns were covergd by more than a few feet of over-
burden, The gnomalies, when large enough to measure, were :ound ﬁo
be negative for the ]’!10817 part, apparently because of the small amount
of magnetite 1in phe vgins_compared to the couptry roesk, Theirlsmall
magnitudes are undoubtgdly due to the amell masses of the veins,
which 1n most cases were not over a foot th;qk. It is not likely
that the vertical magnetometer will be of much value in prospecting
for gold-quartz veins, unless special aon@itions prevail. A very
large vein or mineralized zone may be traceabls under moderats

depth of overburden, as may any veln, regardless of size, if it lies

along the contact of dissimilar rock, or if 1ts position is deter-
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mined by st@y@tural conditions with with measureable mnomalies

are associated.

Flg. 15 whows the relations existing over a barren guartz
vein, 4 feet thick, and ceovered by from one to about 6 feet of
overburden. This particular vein 1s apparently tracegble by
magnetometiiye methods because of unusually favorable conditions.
It is large and contains practically no magnetite, whereas the
schistose country‘rook ia moderately magnetic; furthermore the

overburden is comparativeyy sShallow.



Conclusions

The results of this preliminery investigation Indicate tpat
magrnatic methods may in many cases be an important aid to direect
methods of prospesting and to geologlcal studiesa in interior Alaska.
¥hile they cannot replace drilling or rslated prospecting methods
for the purpose of evaluating miheral deposits, they can in many
cases replacs direct prospecting for the purpose of locating mineral
deposits., In general, the rqle of magnetometric asurveys in pros-
pectinﬁis to furnish inexpensive information which will aid in out-
lining favonable areas and in glimin&tipg @unfgvoraple arsas, They
nay also be a wseful sgpplement to ggological gtudies in determining
fectors whioch control_ore'deposit;oq.

The interpretation of magnetometriq date involves cogsiderably
more_than the ;ocation pf magnetio-highs. The complete anomaly and
the_rglations of magnet;o highs gnq_lows must pg taken ipth consider-
atiog. The form of apomalieg agd thgi;_relgt;on to ﬁhe éepg;it or

struptu;e causing them is_govqrneqIby_map;_:actgrg,”among which are
the ghgpe, s;zgg eryh, orientation and_maggetio permeability of the
deposit or g?rqcture. Regidpal magnetism, if present, will also
affect the €Gorm of the anomgl;es. Thus, while ﬁpe_s;gnificgnce of
certaln types of apomal;es may be indicaﬁed by comparison witp mathe-
matically 1deal cases, as a rule thgre are too many unkpown racpors
to permit f;na} interpretationa on the basis of #heoretical consid-
erations alone. IIt 1g important, therefore, to corrslats magnetic
anomalies with ava@lable ggologic dapa, in order to §et9rmine their
significance w;th cerpainty. In praptice, interpretations are nade
first where ocnﬁitions are best known, subsequently they are extended

to adjacent areas,



The versical magnetometer apparently is useful, to a greatqr
or lesser extent, in prospecting the majority of interior Alaskan
plasers, Their shape and position makes the interpretation of
placer anomalies comparatively simple, so that where measureable
anomallies oocur, placérs can be locgted from magnetometiie and
surface datz'é%ne. As gtated prgbiously, supsequent prospecting _
is necessary for purposges of evalpgt;ng the ground and determining
the limiﬁs of pay., Since most placerlanomalies are relatively
amall, qoprectiops musﬁ be made for othgr anomalieg apq for vgria-
tions 1in the garﬁp's flield which otherwise woqld interfere with
theixr determination. Qlacer anomalies ers generally posltiys, but
locally thelvertioal intensity over shallow placers may be less
than that over the ad jacent areas. _

Magnetometric méthoda are gpplicable to the wtudy qf nany
p?ob;eme related tolthe geology and minerali?ation qf qonsolidajed
bocks., The_gxtent of the;r_appliqabilipy_depends on the‘rOck massges,
as well_as on thei; differeuoes in magnetic permegbility. Gold—l
quartz veins, bgcauge of their relatively smell masses, can seldom
be located diraqtly._

The irregular va;igtions_in the earth's magnetic field, charac-
ter;stic of high lat;tudeg, inerease the dgfficulty and e;penselof
megsur;ng small anomaligs. This difficultylcquld be overcome by the
deg¢elopment of instruments and measuring technique adapted to Alas-
kan conditions.

Becauge of smaller varlations 1ln the sarth's field during the
winter, this period is the most suitable time for measuring small
anomalies,_despite the fact ;hat cold weather decreases the speed of
f182d work., The chlef disadvantage' of winter work is that surface

studies cannot be made in connection with the magnetometric aurvey.



The Applications of Direct~Current Reslstivity Methods

Reglativity methods are based on the existence of diffsrences
in the elecetrical conductivity of different rocks and minerals. In
practice i1t 1s convenient to express electrical conductivity in the
form of resistivity, wbieh i1s the reclprocal of specific conductiv~
fty. In this report registivities;are give in ohm-cm., that isg, the
resistivity of one sentimeter oube of the substance in question,
when measured betwsen two opposite facses.

The direst-current resistivity method has been used for various
types of subsurface exploration, such as the search for metalli-
ferous deposits and the determination of depth to bedrock arnd to

underground water.l It is probably begt suited to investigations

1 Bor descriptions of various applications of resistivity methods see:
Colorado School of Mines Quarterly, Vol. 24, No. 1, March 1929,
and Vol. 32, No. 1, Jan. 1937; Canadian Department of Mines Memoir
165, 1931, and Memolr 170, 1932; Ameriocan Geophyslecal Union Trans.
of 1939, Part IXI, pp. 280-298, 1939; and the geophysical publi-
eations of the U. S. Bureau of Mines and of the Am. Inst. Min. and
Met. Eng.

vhers the disconformities are approxlimately horizontal, but it has
also been ussd sucoessfully for the purpose of tracing more or less
vertical disconformities, such as steeply dipping faults and_contacts
between formations. In this inveatigation the practicability of the
method was tested on a variety of pgoblems, qhief ot whioh were the
outlining of arsas of permanently frozen ground, datermingtion of
depth of overburden and locatlon of underground water. Most of the
work was done on permenently frozen groun@, since_this material oon-
stitutes an impo;tant portion of the overburden in interiocr Alaska,
and gipce relatively little is known of its depth andlareal distri~

bution. The study of structursl features of the bedrock received



relatively little attention, partly because of lack of time and
parfly because magnetomstric methods are usually better suited to
this type of investigation,

The pagsage of currsnt through poor conduotore such as rocks
is eff8cted almost entiraly by the m&gration ot ions ocontained in
the water that permeateszs the subsurface, and for this reason the
refglstivity of both consolidated and unconsolidated roocks depends
to a great extent on the molsture ocontent. Wet, swampy overburden
generally has a low resistivity, while that of well drained, rela-
tively dry material ig high., Similarly, perous rocks or rocksa
traversed by numerous craoks or Jjointss containing moiature have
a lower resistivity than dense, hard rocks.

Swall samples of dry roocks may have reaistivities as high
gs 10" ohm-cm,, whereas the resistivity of similar rockg, measured_
in situ will gsldom bs greater than a few hundred thousand ohm=-om.
Henge labq;atory determinations qf :eaiativitios may be misleading
unless accompanied by descriptions of sonditions under whibh tb;
measurements were made.

Prgliminary detorminatiqns in the Fa;rbanks Distric} in= .
dicated that the apparent resistivities differ econsiderably from .
those of apprg!}mately similar materia} in lower latitudeg. It was
decided, therefore, to make {iifé moasu;ements 1n & number of _
localities for thq purpose qf dete;mining the_resistivitios of fhé'
varioua types of material enocountered in interior Alaska. Several
hundred measurements were made 1n the Falrbanks, Livengood and
Cirele Distriots, where subsurface oondltions were known, The

apparent resistivities of each type of material were caleulated by

Romans Methodl, The results are summarized in Tabls .

L Irwin Romen, How to Compute Tables for Determining Elestrical
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Both amaller and larger apparent resistivities than those
tabulated were obtained from individual determinations, since in
determining the resistivity range of each material, the mean of
a number of determinations made in each small area was taken as
the apparent resistivity of ths material in that area. The values
represent thé results of from 10 to over SO measurenents of each
type of meterial, usually made in a number of locaiities and there-
fore may be considered to be typical for the various materlals
on which measurements were made., However, somewhat different
valueg may be obtained in other locslities where conditions may
differ from those encountered in this investigation.

The large variations in the resistivities of thawed &s1lt are
acocounted for by varlatione 1u the moisture content of the near-
surfacs material, IH general thes surface in valleys and on level
ground rgﬁ@@ns moist or wet throughout the summer, while on well b
drained hillsides and ridges the surface may be nearly dry much
of the time. At depths greater that 5 feet, where the moisture
cpntent is?ggg;;;;t%y:more uniform than at the surface, there was
leas variation in resistivity and the values were usually close
to 11,000 ohm-cm.

Fine gravel has a lower apparent resistivity thath coarse
material, possibly because the moisture in the fine gravel contdins
a higher proportion of dissolved salts. The resistivity of gravel
and sand was found to deorease with inersased modsture content
until the paturation yoint was approached, while the resistivity
of gravel saturated with water was considerably higher. The high
rosistivity of water-bsaring gravel, compared with that of merely
moist gravel, is attributad"to the smaller proportvion of disgsolved

8alts {n the formsr.



The resiativities of thawed unconsoligated overburden are
higher than those of molst overburden in lower latitudes. Thess
high valueg are apparently the result of different conditions
which eontrol erosion: and deposition, together with lower tempera-
tures of ths near-surface material. Rock weathering in interior
Alagska 13 accomplished principally by freeming and thawing, and
this process 8lso plays an important part in the transportatlon

of rock debris from the hillsides to tbe valleys. Chemical and

Olhc'ﬁelm/.u/.

Jeaetertat processes play a minor role in rock weathering, because

of low temperaturs, scant rainfall and restricted underground
circulation of water. The result 1s that mueh of the overburden
consists of unaltered, comminuted rock fragments and contains
relatively small amounts of digsolved asalts and clay. Because
current is conduqted through molst material nainly by electrolysis,
amaller amounts of dissolved salts result in higher reaistivities,
Similarly, the low temperature of the overburden increases itg
resgiativity, since the raaiatapce-of an ele¢trolyte to the passage

of a current inoreasea with decrsased temepraturse.



Magnstometric Survey Methods end Costa

A dbrief description of the methods used in maeking a mag-
netometrio_survey in Interior Alaska will be necesmsery at thia
point, since certain problems and conditions peculiar to this
region are not diécussed in the excellent general treatisas on

the use of the magnetometaf.l

L J. W, Joyece, Manual on Geophysical Prospecting with the Magneto-
meter: American Askanla Corp., Houston, Texas, 1938,

C. A. Heiland, Constructikm, Theory end Appllication of Magnetice"
Bleld Balances: Bull, Am. Assoc. Petroleum Geol., vol. 10, 1926,
rp. 1189-1200.

M. C. Alexanian, Practical Kules for the Use of the Magnetometer
1n Geophysical Prospecting: U, S. Bureau of Mines Information
Circular 6527, 1931, Trenslated:'by W. Ayvazoglou.

—_—

Plager Prospecting Methods

Prospectipg for buried placqrs wlth the =ld of the magne-~
tometer 1nvo;ve§_the qollection and qorrglqtion_of_data obtaiged
frgm gaolog;c investigations,_magnetomgtriq’surveys, and.dixeqt
proapscting. The impo;tgpce o: thg pagpetometric éaﬁa, cqmpa?ed
with that obta;qed from qther sources, depends primar;ly on how
closely the magneticIapomalies_igdicate the locatiop of the placer
and the variations 1ln gold valueg within the placer._ The various
gteps in this method are, then, thg prelimina;y geologiq gtudy,
the magnetometpio survey, the preliminary inperpreﬁation o: anoma-
lies, direct prospecting and the finel interpretation of anomgliss.

Assuming a knowledge of the geology of the region as a whole,
a more detgiled stu@y of the locality seledted for prospeqting
should predade thg magnetgmatric survey, in qrdar to determ;ne asg
muech as possib;e concerning bedrock structure, the sources of gold

and of magnetie minerals, and the physiographic factors affedting



the deposltion of placers, In many areas, the amount of informa-
tion derivable from a gurface study is limited, becaunse of the
presence of unconsolidated overburden, butlit is seldom that some
information cannot be obtained aoncerning the strike and dip of
bedrock, the approximate location of contacts, and the general
strike of faults and veins._ Dumps from old prospect holes, if
present, will furnish data on bedrock, gravel, and approximate
depth of overburdgn. Mineralogiqgl atudies of p;acer gravel will
often furnisp information concerning bedrock changes and sources
of gold and other economic minerals. The rglgtive smounts of
magnetioc mine;als-in the gravel and the bedrock should be deter-
mined when samples are available,

Reconnalasance traverses should then be run to determine if
measurable anomalies_are assoc;atedlwith placqr concentrations.
The t;aversq lines{ may be_gpaced';ooo :eet or more_apatt, and
shou;d be ;oqgﬁed whe;e bgdrock anomalies are smg@l.l The gpacing
of the magqetometer stgtions on the trgverse lipeg ia govgrned
by the probable w;dth»of the paystreak. Tbg_intgrval between
stations ghould pe short gnoughleq that ;mportant anomelies will
not be missed, but a;sq long_enough to perm;t qovering the area
with a ninimum nunbsr of magnetometer readinms. Intervals of 100
to 200 fest arse usual;y suitable.

If measurable anoméligs, appapently agsogiated with a p}acer,
are found, additional traverses should be run in order to determine
fheir apprégimate extént. The t;averse lines may be spaced from
200 to 590 feet apart, and the é%tion interval may be from 50 to
200 feet, depending on the lateral extent of the anomalies. A de-
talled survey should then be ma@a of the area conﬁaining the_sup—

posed placer, by means of a network or checkerboard of magnetometer

stations. The stations should be placed so that the form and extent



of the anomaly can be delineated. By limiting these detalled
measurements to areas that show placer aﬁomalies, much time can
be saved. In addition, detailsd measurements should be made
over known changes in bedrock that may oross the placer, and
certailn traverss lines should be extended far emough bn_both
sides of the placer s0 that the position and magnitude of un-
suspected bedrock ancmalies can be determined. The effects of
local topogrephic enomalies should be @lmilarly determined,
Magnetometer stations meed not be located with exteeme pre-~
cision. When only a few short traverses are to be run, thé sta-
tions may be located by means of a surveyor's compass and by
pacing. For most placer surveys, & surveyor's compess agd 8 100-
foot gteel tape»are gsatisfactory. When the area sovers several
square miles qontrql po;nt;s;egtablishgd by meagg_pf trans;t_gnd_
taper—ebou;d be_get_np iq_ordgr_to:ayoid ;arge qumulatiye>§rrors.
Traveree ligeq_and\netwo;ks of stg;ions may thgn bq laid out f:om
these points by less exadt methods. Al; stations ghogl¢ be marked
by blazed stakes. The relative elevgtions of the stations on
fraverse }ines, for»use in plotpipg verticgl prosg-eeqt;ons, may
be determined with suffic;ent agecuracy by“han¢91§ve;i§g. In most
cages, a ropgh topographic map shounld be prepared, gsipg_the_ele-
vationsa of ths magnetomeper statione for control, and showing the
locations of magnetometer stations and of geologic and other per-
tinent featpree. .
Pre;im;nary interpretatiop is made for the purpose Qf deter-
mining the most favorable loaatiqns fqr direct prospecting. As
aids to preliminary interpretation, geologic, magnetométric and
topographic data should be plo;ted On one Or WOre maps. Vertic§l

magnetic anomalies may be shown by meang of traverse profiles or

by 1sodynamic contour maps, although the effectivemess of the



latter method is limited because of the erratlic nature of many
plaoap anomaliea. Additional traverse profiles snd isodynamio
contour maps, corrected for the effects of bedrock and topo-
graphic anomalles, should then be made for the purpose of de-
terming the locations, shape and megnitude of the placer anoma~
ly as a whole.

Direct prospecting should ordinarily be started as seon as
sufficient detailed magnetometric work has been completed to per-
mit preliminary intgrpretation of part of the plaog; ancmalies,

80 that magnetometrio and prospectingldata may bq gorrelated while
the geophygicist>is st@ll in the field. >If prospect holes)!gg
gunk in severa; pa;terf_the aree showing p}acer anomalies, ipdi-~
qate that;thq ground 1s not sufficiently rioh to mine, direct
proquoting may beldiscontinued with reaéonable agauranpelfpat _
richgr_g;ound haslnot been missed. That 1s, 1t is not necessary
to cqmplqtely'crossogt_thg whole area,lbeoause the magnetometric
Interpretations, if correctly made, have justified the eliminating
of the less promising parts of the plaoer. On the other hand, 1f
the gold va;ues are sufficiently high, the plaqer ghould be outlined
by direct methods. Where the agreemen§ betweeulplaoer anom;lies
and go;d values 1ls ;easonably close, Qetailgq proébec?ing may be
eonfined to detenpining the wo;king limits of tbe placer and only
an ococasional check-hole is nesesasry in the risher ground or 1in
the barren areas,

Final interpretation involves the oorrelationlof geological
and geophysical data with that obtaiped subsequently by direct
prospecting, ?he various §ignificant relationships--those, for

example, exisitng betwsen vertical anomaliss, gold values, amounts

of magnetite, thicknesses of gravel and overburden, and changes in



pedrock—can ordinarily be represented graphiceally, elther by

means of profileg or by areal maps. In some oases, following
qorrelation of vertlcal anomalies and known gold valuses, gold
values in adjacent areas can be dstermined approximately from

magnetometric data alone.



Yethods pertaining to other problems,

The general procedure in outlining structural and other
features of consolidated rocks is similar to that employed in
placer prospecting. Following the preliminary geological study,
the form and size of anomslies should be determined dby means of
megnetometer traversea% run where_conditioné ars best known,

If measurable anomalies are optgingd, the survey should then be
ex;ended to unknown areas, first by traverses to outline the
general direotiog and ex?ent of the feature in question, and later
by detalled measurgmenta.

In tpe absegqe of"sufficient ghologiggl data obtalned from
surfage studies, prospect holes, or mipe reoqrda, g‘u;iqua solu—_
tion may not be obtainable from magnstometric measuremegts glone.
Logical sqlution of a problem will often be expe@ite# by comparison
of results with those obtained f;om magnetometric investigations
qf gimilar problems in other regions. The literature on geophysi-
cal prospectins contains numerous examples of mquetgmeter_supyeys,
showing the forms of anomg}ieg end their re;ations to subsurface

; 1
’bodies or styotural features,  Vhere direct prospecting for the

For a 1ist of references see Geophysieal Abstracts, lasued quar-
terly since 1936 by the U. S. Geological Survay, and issued month-
ly by the U. S. Bureau of Mines prlor to 1936; or Geophysical
Section of thé Annotated Bibliography orn Economie Geology, publish~
ed by Economic Geology Publisking Co., Lancaster, Pa,

purpoge of checking magnetometrie results ls expensive and imprac-
tical, it may be nececgsa:y to use additional geophysical methods

in order to obtaln a lagical solution of the problem.



The influence of climate on magnetometric methods.,

The short, warm susmers and long, cold winters characteris-
tic of the subarctic;regions of interior Alaska tend %o impose
seasonal limitations on magnepic prospecting, Howgver,gbecause
of the more irregular maegnetic conditions that prevail during the
surmmsr monthg, and becauss of diffileult working oconditions in
many areas wben the gurface is thawed, magnetometer surveys may
at times bes carried out adventageously during cold weatheri

The advantages of summer operationg are that the magnet9meter
can be operatedlwith greatgr speed, and prellminary_surface stndles
can be made which can be cbeoked_immediately by magnetometrie
measurements, Similarly, anomalies can be readlly cheocked by pros-
pecting,

The disa§vantages are that the_earthfs magngtic”figld 1s less
uniform ﬁhan in tpe winter, and_the_conditiop of the ground is
often such that asccurate measurements a;e'difficult to obtain,
Large areas, particulgrly in maturevplacer_regions, are eithgr
swanmpy du;ing the_agmme;. or are covered by a thick nat of moss
which;ls underlain by frozen much and_peat: Under these sondi-
tions 1t may pe imposaible to obﬁain sorrect regdings, because
the instrument is disturbed_by the glightest moyement pf the oﬁera-
tor, or pe@auee the ;rozpn ground in contact with the feet of the
tripod permits the instmmment to settle.l $here_a bulldoger is
avai}able, the difficulties arriasing from the presence of moss
and underlying frozen soll may be eliminated by stpipping off the
surface moss on thq_traverse lines, wpich will pernmit the muck to
thaw sufficiently so that stable setups can be obtained. Stripping
with a bulldozer offers the additlional advantages of eliminating

brushing and enabling the stations to be located more guickly.



The advantagesof carrying out magnetometer surveys during
the winter are that more acourate meagurements are possible be-
sause of more uniform magnetic conditions, and that travel over
mueh of the country i1s easier when the surface 18 frozen; in
fact many regions could not be prospected at aﬁy other time
hecause of swampy conditions,

The chief disadvantages of winter operations are that the low
temperature and short days, especlally in Deoemper and January,
decreage the speed of the field work, and the maow-covered,.fro-
zen ground does not permit an accompanying surface study to be
carried out, It has been found, powever, that magnetometric
measursments can be made fai;ly ;apid}y in temperatures as low
as -30° F. Below -30° F., manipulation of the instrugent and
note taking pecgme s}ower, andlthe 095t of field work 1uer§ases
oorrespondinglyf_”Qrdingpily, th9 post of fiqld_work dqring the
egrly and late winter months should be only slight;y higher than
dnring warm wqather? but duriqg Decembeg'gnd Jenuary, the combingd
hghdioap of low temperature and short days tend to inorease costs
considerablyf

~Another undegirable :eature of cold weather field work is that
thg low tamperatu;es cauge tha meta; case of the magnetometer to
contracﬁ at a different rate from its ename% coating, with the
result that some of the enamel may peel off; However, the effect
on the operatiop of the instrumept is negligib;e. Trouble may
also be experienced during snow gtorms wher spow falls on the
optical system of the instrument. This may be remedied by fitting
& light canvas cover over the instrument that will keep the optical

gyttem free from show, end at the same time permit resdings to be

taken. Other precautionary measures are that the moving parts of



the magnetometer must be lubricated with a iight oil that will
not congeal at low tempsratures, and that the instrument must not
be brought into a warm place during winter operations, becauss
rapid temperature changes will pernit frost or molsture to con~
dense on the magnet system and may alter its sensitivity and other
congtatits,

The type of inveatigation and local conditilons ars the main
factors in determining the most favorable season for ¢arrying
out magnetometric aurveys. Where swampy conditions make an area
difficul$ to reach in summer, the work must necessarily be carried
out when the surface 1is frozenr This forecsd postponement may pe
utilized to advantage if the work is planned so that the geologiaal
investigation 18 made in swamer, and the magnetic survey Iln wintex,
sinee small anomalieg can be measurgd more aeourately'in winter.
Large apomal;es can usually beladvgptageously investigated during
the summer_montbs, the;r measurement bging relapively ;ess affect-
ed by disturbed magnetic conditions,land inmediate correleation
of anomal;eq and geélogic cause beigg poss;ble at this time. The
short autumg, from September through part of November, is usually
the most favorable>time for gll types of magnetometric surveys,
becauge dur;ng this period conditiqns are most favoraple for
surface investigaﬁion, and magnetic storms are lega frequent than

during the summer.



The ppeed and cost of magnetometric surveys.

The time required to complete a magnetometric survey, and
the cost of the work, depend on the accessibility, surface don-
ditions, and size of the area, as well ags on the purpscse of the
survey. Progress will be more rapid and costs lower in easily
accesaible and open country, than in inécoessible, swampy, Or
rugged areag. The speed of the aurvey ﬁlso dapends on the station
interval and the emount of &gtail required. Thus, in reconnai-
sance surveys, where the station interfal is large, the cost per
station 1s comparatively high and thse cost per acre is low! while
thg opposite 1g true in detailed surveys, where the stafion in-
tarval»is small. OQther factors remaining squal, the co;taier
station and per acre are less for large-scals than for small-scale
surveys.

In measuring modepgtg-sized or small anomalies, about 4
minutes are‘required to get up tbe magnetometer and complete a
aet of ;‘eaqings.under' favora"ble oonc‘_iitions. ¥hen the ground is
swampy or qonditions are qtheywise unfavorable, fromis to 12
minqtas may be rquired, begause Qf difficultigs encountered in
aettigg up the ;nstrnment_and kgep;ng it level. When the ;tgﬁion
iqtarval is about lQO Teet, frqm 6 to 12 stations can bs ocoupied
in an hour, wh;le the daily total will vary betwsen 40 and 70.
However, when using a silngle magnetometer, the daily»total of new
stationg 1s usually from 30 to 50, because of the necessity of
checking back to a base atat;on.

Joyce statesl that in the United States, "in structural
geology, the field expense per acre will not run more tpan one or
two cents, while the cost per station will vary from $1.00 to $1.50

at the most. In mining surveye the cost psr acre will be much



higher due to the close station interval normally used for such

work while the expense per station will be correspondingly
smaller.” According to the American Aakgniq Corporation of
Houston, Texas, the monthly expenses of mainteining a large,
completely equipped fikld party in the United States is $1255.40,°
This ineludes the salaries and gxpenses of 3 observers, and
operatinpg expenses and depreciation of 3 magnetometera, 1 auto-~

matic recording outfit, and 3 field cars. Cost are higher in

1
Vork cited, p. 83. ' '
2 Engineering and Mining Journal, Vol. 125, No. 17, 1928,

interior Alaska than ;n oontinentgl United States because of higher
wages and living expenses, and because lesé favorable climatic and
megnetic conditlons deqrgase the‘epeed of fisld work.

The fipld Bosts given ﬁere are based on the results of small=
gecale experimental surveys made with a single_mﬂgngtometer. The
field c¢rew consisted of an obgerver and & regordsr, Since there is
no precendent regarding salaries‘of abservers and recoraers in
Alaska, these have been arb;trar;ly fixed gt the apppoximate rates
pald by private organizations for requiring e similar degree of
t;aining. The expensely of brush;ng out traverse lines, locating
magnetometer stations, and mappigg the areas, 18 not included in the
cost data given here gince thig should re$ be chargéfpartly to the
preliminapy surface iqvespigation agd_to the di;ect prospecping,
as well as to thg mggnetometric survey. The expense of maintaining
a_figld car is included, since 1t was used during most of the fipld
work. _

The cost of magnetomat;;c 9quipm¢ntli§?l

1 vertical magnetometer..ivecsesiiecsieocavavnsacssaasePl,114.00
1 Helmholz coll for scale walue determimation.sseeeecess 185,00

31.399.00

>



1
1939 prices of Askania equipment, F. 0. B. Houston, Texas.

The gost of field work per day is:
Salary of operator....ll.l“-...ll'li.l..Il.'.l'lll'll$15|00
Salary of recOrder.cecesccissosssacsocncsansronassenas 1,00

Living expenses for tWO MON.ecscaarsscesssesansssranss 6,00
Maintancence cost Of one fisld CBIrevvecatveossnrsnsaas 4,00

$32.00

Based on the ahove data, the cost per station ;e from
$0.64 to $1.07, which is bigher than the commonly accepted costs
of detsiled sruveys in o;her regions. The use_of two magnetometers
would permit ‘the _oooupation of from 10 to 20 more _efations each day,
whioh would materially reduce both the coat per station and the

cost per acrs,
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THE APPLICATION OF MiGNLTIC AND RESISTIVITY METHODS IN INTERIOR ALASKA

Introduction

In July, 193S, the Department of Mines inaugurated an experimental
geophysical program for the purpose of determining the applications of ver:
tical magnetometer and direct current resistivity methods to the study of
problems related to prospscting and mining.sggplittle previous work had
been done, the results of which are avallable, and zgceconditions are in
general different from trose exixting in lower latitudes, 1t was considered
advisable t%f&gﬁgial study of the possibilities and limitations of the two
rethods, rather than a detalled study of any one problem,

Geophysical’prospecting methods are indirect, as compared to the
direct methods of shaft sinking or drilling. By the latter methods samples
of the minerals sought are made availaﬁé for direct examination, 1f the
prospector 1s fortunate enough to sink in the right place. By geophysical

on the olher hand, ’
methodsﬁcomparative measurements of the physical properties of the sub-
surface are made to determine the location of unusual or anomalous condi-
tions resulting from such things as mineral deposlits, undergrouqd water,
Taults, or other bedrock features. The location and caugss of anomalous
conditions in the earthsmagnetid field and in the electrical resistivity

Berause
of the subsurface were chief concerns of this investigation.»interpreta-

........

tions bassed on these indirect methods must be geologically possible,
Thewrefore, considerable attention was pald tdéd gathering such geological
evidence as could be obtained from bedrock exposures, prospect shafts and -

drilling data, for the purpose of correl:ting the geophysical data with <.~
that obtained by direct observation. ot

The value of geophysical methods in prospecting increases in proifv e

portion to the difficulty of obtaining information by other methods. They ',
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Where delling 18 p. ing 1s cheep and ropid they are we  anlicularly opp reable

are-not-partteutrariy apptivable where riIliag oF pitting Y= oheap =ma

but ' ' '
n&pédA VWhere direct prospecting is slow and expensive, due, for example,
to the presence of thick overdburden, geophysical methods may in many cases
greatly decrease prospecting time and costs. They cannot replace drilling

) vy )
for the purpose of evaluating ground, but,may, among other things, elimi-
nate much drilling in unfavorable areas and give information concerning
depths of overburden, attitude of bedrock, or structural features of
bedrock.
This report describes the problems encountered and gives the results
of the initiel experimental work. Some of the problems have as yet recseived
hdvl Dawn )uvpg'l;safﬂd ouf’ﬁ:‘c:'env!{]

insuificient attentlon; zagarddauyg others;eseuvgh-wag—3dewrmed to enable con-
clusions to be drawn as to the applicability of the methods used. Technical
terms and theoretical discussions are generally avolded, although for the
gake of brevity a certain amount of technical terminology is necessary.

For descriptions of general principles and methods the reader i1s referred

to Applied Geophysics, by Eve and Keys{ and to the geophysical publications

of the U, 8. Bureau of Mines and the American Iunstitute of Mining and

Metallurgical Engineers.
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Discussion of Problems

A large portion of interior Alaska, especially in the more mature
reglons, 1s covered by unconsclidated deposlts of silt and gfavel,
ranging in thickness from a few feet to several hundred or more feet.
The gpavel deposits were lald down by processes generally similar to
those operating in other regions, but the silt and ruck in the valleys
and the talus and rock debris on the hillsides are largely due to the
action of climatic processes peculiar to Alaska and to regions of

Because

comparadble geographic location. %his barren overburden covers both

A
lodes and placers in many places, ee=ti=t their axistence/ﬁEEETi§\EEEE?E)
be inferred from surface indications. It presents one of the chief
difficulties to prespecting and mining.
The problems which maxi;rofitably b€ attacked by geophysiéal
methods are those ;esulting from the presence of overhurdsen. They are
to a large extent unigue to interior Alaska and to geographically
gimilar reglons. The problems are:
1, Location of buried placers.
sweh
2. Tracing of buried bedrock features,Aas faults, contacts,
intrusions and veins.
3. Determination of depth of thawed and permanently frozen over-
burden and distribution of permanently frozen ground.
4. Location of underground water;
Geophysical methods may also be used for other purposes than those

outlined. The indicated problems were studkd because they are of

especial importance in Alaska.
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Choice of Methods and Instruments

There are four geophysical methods in general use, namely, magnetic,

electrical, seiamic, and gravimetric. The choice of methods was deter-

mined by the types of problems to which each is applicable, as well as

by the costs of instruments and of field work. The magnetometer and

direct current resistivity methods were chosen because they possess
the advantages of being applicable to the study of a wide range of

problems peculiar to interior Alaska; also instruments are comparatively

inexpensive and the smaller field crews permit work to be done more
cheaply., In addition, a given ar%fcan ordinarily be covered more rapidly
by these methods than by other methods avallable., Some of the other
Blectrical methods possess advantages similar to the direct ourrent

resigtivity methods, but interpretation of data obtained by the latter

nbthod usually is simpler,

As both magnetometer and resistivity methods have ;been described

AHaories of speralion s7

1
eléﬂhere , no attempt will be made here to describe, astuel field methods.

L

J. W. Joycel Manual on Gsophy$ical Prospecting with the Magnetometer:
American Askania Corp., Houston, Texas, 1938

C. A. Helland, Construction, Theory and Application of Magnetic Field"
Balances: Bull Am. Assoc¢. Petroleum Geol., vol, 10, 1926, pp. 11838-1200

J. C. Boswell, -Application of Geomagnetics to Placer Exploration: U. of
Alaska, 1928. Unpublished thesig submitted for degree of B.;S., in
Geology and Miping

Edge and Laby, Report of the Imperial Geophysical Experimental Survey:
Cambridge Univ. Press, 1931

Eve and Keys, Applied Geophysics: Cambridge Univ., Press, 1933. Chapter
on electrical methods.

®. Y. Les, U. S. Bureau of Mines, Information Clrcular 6899, 1936

Ted Mathews, Apvlication of Geo-resistivity to Placer Exploration: U, of
Alaska, 1938, Unpublished thesis submittéd for degres of Bachelor
of Mining Engineering.




n

A discussion of magnetic methods and costs in interior Alaska
will be found in Appendix II. Appendix IJI is devoted to a similar
discussion of resistivity methods.

A vertical magnetic field balance, also known as a vertical magne-
tometer, was used Tor the magnetic measurements. By means of this type
of magnetometer, variations in the vertical component of the earth
magnetlc field, termed vertical magnetic.anomlies, are measured. Mag-
netic anomalies are caused by variations in the magnetic permeability
of the earth's crust and are associated with changes in compesition of
the near-surface or deeper-seated material. In a magnetic survey, the
location and magritude of anomalies are determined by means of magne-
tometer readings taken at appropriate placg?in the area. The absolute
value of the vertical component of the sarth field is not determined
in this type of work.

The sensitivity of the magnetometer was generally kept between

20 and 30 gammas per scale division.l This sensitivity was found to be

1l gammas lO'5 gauss., A uniform field having an intensity of 1 gauss
will act on a unit pole with a force of 1 dyne.

satisfactory for measuring the anomalies ordinarily encountered. The

sansitlvity was determined by means of a Helmholz coil and milliammeter.

In the field the sensitivity was checked for variations by standard magnets

]
wniech are gupplied with all field instruments of the type54?Apparent

resistivity of the sibsurfzce is determined by passing a current through
the ground and measuring the potential drop at various positions on the

surface. There are several commonly used spachn?for the electrodes

through which the current is introduced and for other:electwodes by which
the potential drop 1s measured. The spacing found most generally sultable

was first suggested by Dr, F. W. Lee, and is known as the "Partitioning



method".l

F. W, Lee, U. S, Bureau of Nines, Informatlon Circular 617), 1929

From a knowledge of the potential distribution at the surface,
changes 1n the resistivity of the subsurface due to changes in composition
of subsurface material, may be determined? and the depths of the changes
may be more or less accurately calculated.

Direct current resistivity equipment consists essentially of z
source of current, usually suppliéyby "B batteries; a milliammeter for
measuring the current’! two metal stakes or electrodes for making contact

this oguiparent
with the ground;and sufficient insulated wire to connect the-abews in
series. In addition, a potentiometer, connected to two non-polarizable
electrodes by insulated wlire, 1s necessary for measurement of potential

ur‘fute -
pthe s .
drops: The instrument used 1s known as a geoscope.2 It is a modification

2 P, W, Lee, U. S, Bureau of Mines, Information Circular 6899, 1936, pp.l0-14

of the usual resistivity equipment and was designed to simplify calculationsy

rand to increase the speed of Pisid work,



Outline of Work

Field work with the magnetometer and geoscope was carried out from
July to December, 1939, in the Fairbanks, Livengood, and Clrcle Districts.
During July, October, November, and December the field party consisted
of the writer and one assistant. During August and September twoadditronal
assisfants were attached to the field party.

As Indicated previously, little detailed work was done. The mailn
purpose of‘the program was to learn as much as possible in the time avail-

Lonterning

able, of the applications of the two methods to a wide variety of problems.

Resistivity measurements were made for the purpose of outlining
frozen and thawed areas and determininéizhickness of overburden in the
vicinity of Fairbanks and College, and on Ester, Wolf, and Happy Creeks
in the_Fairbanks District; on Livengood Creek and Hess River in the
Livengood District; and on Portage, Deadwood, and Mammoth Creeks iun the
Circole District. In addition, electrical soundings at depths up to 600
feot were made in the deep overburden in the Tangna Valley near Fairbanks
and 1n the Birch Creek Flats near Cirocle Springs. cher resistivity
investigations included seasrch for underground water near College and
at Ester and studies of faults covered by overburden néar Cleary Creek.

Magnetometer surveys were run congurrently with reaslstivity meﬁsure—

ments when four men were avallable, and during October and November when
the party consisted of two men., The magnetometer work included surveys
for the purpose of locating placers on Heas River and on Livengoogd,
Portage, Deadwood, Mammoth, Bedrock, and Happy creeks. The results of
previous magnetic surveys of Moose Creek, tributary of Goldstream Creek,
and Teuchei Creek, tributary of Chena River, are also reported here, In

addition, surveys were made in the vicinitliesg of Pedro and Ester Domes

in the Fairbanks District to determine the effects of known faults, in-

trusions, quartz veins, and lithologlc changes in schist bedrock.
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Field work was done during both summer and winter for the
purpose of comparing results obtained under different conditions.

%hen available, samples of placer gravel and of bedrock were
collected for 1aboratdry study in coé@éction with the geophysical
results, Bedrock structure and litﬁology were studied where ex-
posures could be found, for¥ﬁhe purpose of correlating geophysical
interpretations with ;{eological features.

Magnetograms, showing the varlations in intensity of the earth
magnetic field at Sitka, were obtainsd from the Sitka Magnetic
Observatory and enabled an approximate check to be made on diurnal
variation and magnetic stwrms in the areas where field work was
carried out.

Laboratory and offloe work was done during part of December,
1939 and during January and February, 1940. One assistant was
available during December; subsequently the writer worked alone. The
laboratory and office work consisted of mineralogical studies of
placer gravels and bedrock, and of drafting maps and graphs and in-
terpretation_of results. A large number of samples of concentrates
and February, 1939,3% a lavoratory supplied by that organization and
at the Geology Department of the Johns Hopkins Univergity. This

report was written during february and March, 1940,



The Applications of the Vertical blagnetometer

Buried Placers

Meny of the older placers in interior Alaska were devosited in
drainage systems whose relations to the present drainage are obscure
or nonexistent. Also, in mature regions, there has been—eonsiderable
lateral stream erosionyﬂresultiﬁg in wide valleys which may contain
relatively narrow paystreaks. Long continued erosion, . andin-meny
caeeérchanges in the bass level of erosion, ha%e resulted in placers
located on ralsed benches or deeply buried under barren silt deposits.
Consequently, excepting for placers in narrow V-shaped valleys, it
usually is difficult to determine their probable location from
topograrhic evidence, To loczte them by shafts or drill holes necessi-
tates the crosscutiing of the whole valley and ordinarily a large
part of the prospecting 1s done in barren ground.

The geophysical method Zﬁiﬁﬁ appears to be best adapted to
locating end outlining buried placers is the magnetometer method. The
vertical field balance ls one of the most sensitive portavle magne-
tometers available, and because of the rapidity with which measurements

can be made, surveys with this type of instrument are relatively in-

1
expensive,

The Hotchkiss Superdip, which measures total magnetic anomalies in-
stead of vertical anomalies, ypossesses similar advantages.

Magnetic minerals, together with other heavy rock-forming
minerals, are commonly associated with placer golq. If the magnetic
minerals are concentrated with the gold‘in'sufficient amounts, then
neasurable magnetic anomalies should exist. The magnetometer has

been used successfully for placer prospecting in geveral localities,l

L5, 5. Heiland and W. H. Courtier, Magnetometric Investigations of

;9
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of Placer Deposits near Golden, Colorado. Trans. A, I. M. E.(L929)
81, Geophysical Prospecting.

J. J. Jakosky and C, H. Wilson, Geophysical Studies in Placer and
Water Supply Problems, A. I. M. E, Techmical Publication 515, 1934,

Dart Wantland, Comparison of Geophysical Surveys at the |Roscoe Placer, J

v
Jefferson County, Colorado; Colo. School of Minee Guarterly, 32,

Jan. 1937, pp.85-115
T. C. Boswell, work cited.

kS ;nd;ca‘{e
but relatively little information is available as—1te how generally it
can be used, oqus toj?ﬁ% proportion of successes to failures when

checked by actual prospecting and mining. It(EIEB\Egkggfffgif)that
the successful applications have been emphasized more than the failures.
One of the aims of this program was to detsrmine in a general
way the applicadbility of the magnetometer to plscer prospecting;ﬁg a
considerable proportion of the placer regions of interlor Ataska. As
it was impracticable to run actual magnetometer surveys over a large
number of placers of xnown gold content, other information wag obtained
to supplement the magnetometer results. The problem involved the
consideration of the following questions:
A. How general is the assoclation of magnetic mé}nerels and
placer gold?
b. What relations exist in a given placer betweeQx@agnetic
senomaliss and the c¢.ntent of magnetic minerals and gold?
¢c.Are the anomalieéfiggggiated wilth placers generally of suffi.-
clent magnitude to be measurable and interpretable?
d, Can anomalies due to changes in bedrook; and other causes be
distinguished from those due to placers?
e. What effect will the magnetic storms and irregular magnetlic

conditions characteristic of high latitudes have on the

accuracy and speed of magnetic surveys?

/ I/



a, Association of magnetic minerals and placer gold.

The following magnetic minerals were found in Alaskan gold-
bearing gravels:lmagnetite and other iron-bearing spinels, ilmenite,
iron-rich garnets, amphiboles and pyroxsnes, and locally, pyrrhotite,
biotite, wolframite, and platinum. *he most important of these
minérals is magnetite, as it is by far the most strongly magnetic

as well as one of the most widespread of all minerals. Because of its

1
see Appendix I

high density, compact shape and stability, magnetite apparently concen~
trates in placers under conditions similar to those favoring the
concentrates of gold. The existence of other, less magnetic minerals
in placers doubtless contributes to some extent to the magnetic
anomalles, but theipngfect cannot readily be determined. Locally,

as in parts of the Livengood District, where large amounts of magnetic
chromite and chrome spinel are associated with the placer:gold, they
may be of c¢onsiderable importance.

Table I shows the percentages of magnetite in placer concentrates

Wen

, from a number of mining districts. The concentrates were obtained

4Hey 'md;cnifm
from paystreaxs unless otherwise noted anq‘give 8 general .Adea of the

amounts of magnetite present in placers in the districts considered.
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_ven in Table I may for the most part indicate slightly
.ongs of magnetite than actually occur in the placers,
samples were concentrates obtained from sluice boxes.,
ns of thg}beavy, compact fmagnetite Ilncrease somewhat in

, at the expense of the lighter fractions of the concen-

dsethod of treatment of samples is described in Appendix I. The
. & was separated by a large horseshoe magnet, which was not suffi-
Ly strong to 1lift the éii%h%&y magnetic minerals., As no convenient
.ang of grinding the samples was available, the magnetite contained
in the pebdbles of country rock was not separated.

Aﬁggighthe distriets listed are not covered completely, it is evi-
dent that magnetite is practically a universal constituent of placers,
buft in amounts that vary greatly. However, allowing for varying de-
greea of natural concentration in different parts of the paystreaks,
there is in most casss an approximate agreement in the percentages ob-
tained from any given placer. Also, the concentrates from the Foyukuk
and Circle Districts are:-generally low in magnetite, while those from
the Livengood Dislirict are high. The aoncentrates from therther dis-
tricts in general contain magnetite in relatively moderate amounts.

Magnetié surveys indicate that the percentages given in Table I
can be used as approximate criteria of the applicability.of the magne-
toneter to placer prospecting in the districts listed. In general,
placers containing small proportions of magnetite will have small
anomalies and magnetic methods will be correspondingly difficult to
apply. Larger anomalies, which are easier to measure and interpret,

will be associated with placers containing larger proportions of magnetite.



Hagnetometric prospecting probably would not be successful in the
Koyukuk District, at least on the creeks listed, because of the amall
proportlons of magnetite and the deer overburden which covers many of

/

the placers. In:the Circle Distrliet, most of the placers, excepting_ﬁ_ 9

tnose on Deadwood Creek, contein small proportions of magnetite. How-~
ever, as they are generally shallow, it 1s likely that magnetic methods
vwould be appliceble to some extent., The majority of the placers in the
Pairbanks District contain moderate proportions of magnetite, The magne-
tometer evidently would not be of much aid in prospecting the deep
placers ir this district which contain small proportions of magnetite.
Most of the samples from the Chena District were taken from low-
grade gravel. The more conceptrated placers probably contain higher
And) 51nce
percentages of magnetite., 4&%the placers are in general shallow, magne-
tometric methods whould be applicable. This is born out by a magne-

tometzr survey of Teuchet Creekﬂthe results of which agreed with avail-

able prospecting data.
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. 7
b. Relations between anomalies and magnetite and gold content of placsxrs. “”.

Magnetite is found in vractically all stream gravels because of
its almost universal occurrence in rocks. The occurrence of placer
gold is of course restricted to regions where gold mineralization took
place. Thus concentratiohs of nagnetite, with associated magnetic
anomalies, may occur in stream gravels which contain no gold. The
presence of both magnetite and gold in placers depends primarily on
adeaquate bedrock sourcés.

Magnstite(géﬁgggif}wgqggyi}wiéesp:aad throughout the regions con-
sidered here, while gold is restricted to mineraslized veins or zones

The ¢X/J‘/ﬂnce of ou a,o/nmma/p(,' conm’cm')" ratis of magnedife
in the country rock. lat : 2

egy fernt fo Go ld conYent of p/ner.s
derived as they are from separate sourcgél appears to depend on long

continued reweoxrkimg—emd sorting of the gravel. Conditions favorable
to the concentration of gold in continuous; well-defined paystreaks
also favor a similar concentration of magne?ite)and in general the
richer portions of the paystreak will contailn more magnetite.than the
leaner parts. TUnder these conditions there seems to be a gensral
agreement, at least in limited areas, between vertical anomalies,
nagnetite content, and gold values. Changes in the supply of magneti%e
or of gold, caused by variations 1ﬁ?;agnetite sontent of country rock
or by the pheeer cuttingogdditional gold veins, will generally prevent
this agreemeént from holdinéﬂgééé the whole placer. on tbe other handt
in poorly sorted placers where there has been relatively little trans-

ravis cﬂemagnrf’k covn‘fwf fo
portation and reworking of the materlal, the \

the 3-0/06 tontenT may. uary w/de{y
%H%em4—ge;d~is_muah—%ese—q&an%i%&%kve The magnetite will be dis—

q@agpted all along the channel, while the gold wilykdeposiﬁ a short
$o fat

distance below 1ts source and the rich- parts of the placer ars not

likely to contain much more magnetite then the lean parts. However,

even under these unfavoraBle conditions, nmagnetic braverse profiled

,,,,,



Tun at eui;able intervals across the long axis of the placer will
usually indicate the approximate location of the richeetigrounq along
any given profiley but will glve mo information as to how‘the valuss
along one profile compare with thoze along other profiles.

As a rule,variations in the heavy mineral content and hence the
magnetite eontent of placer gravel, are gccompanied by gim;lar varia~
tions in gold content., In manylplacers containing coarse gol@ the_
heavy mineral content of small gampleslis‘a more reliab;e 1ndic§tion
of gold values than the actual golq coptent_and §s often used to deter-
mine the limits of mineab}e g;ound. Sim;larly, it hag been fqgnd that
vertical agomalies usually are roughly propqrtional to the increasge in
megnetite sontent from the limits to the richer parts of placers ang
therefore are in many cases approximately proportional to the increase
in gold values.

It would doubtless be more lbgica; to compare magnet#c suscepti-
bilities of placer;grayele, rather than their nagnetite contents, to
agsociated vertical anomalles as it was not practioab}e to determine
accurately the total amount of magnetite by methods available. Some
of the magnetite is held in pebbles and Qobbles andAoan be separated
only if the samples are ground to 0.5 mm., or finsr, However, attempts
to determine the relative suscepﬁibilitiee of gravel samﬁles with the
vertical field balance did:not glve consistent results, Aside ffom
errors attributable to lack of proper qquipment, the apparent suscep-
tibility varied with the orientation of the samples, probabdbly because
of the occaslomal presence of polarized magnetite or lodestone and
of remanent magnetism in some of the pebbles, In view of the difficulty
of maintaining the in situ orientation of incoherent samples, the de-
termination of magnetite content was a simpler procedure, suited to the

preliminary naturs of the work)and the results usually were comparadble

e
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to the anomalies.

In the event that more detailed work is justifiadble, a simple
method of determining the susceptiibility of gravel probadbly could be
devised. This would permit comparison of the magnetic properties of
gravel, bedrock and overburden, which ecannot be done hy methods em-
ployed .hepa. /i This mvesdigativa.

Flg. 1 shows a traverse profile of a narrow, shallow bench paystresk

on Deadwood Oreek, in the Circle District. The vertical anomalies,

: magnetite content, and gold values argl}n good agreement. It should

be mentioned that such complete agreement is unusual., Conditions pere
are more than ordinarily favorable,due partly to the short length of
the traverse. Other trawerse profiles of Deadwood Creek show a ganeral
agreement between gold valuesg, as far as they are availabls, and ver-
tical anomalies. the largest positive anomalies on any profile usually
are over, or close to, the highest gold values, Although most of the
rich pay on thils creek has been worked, gold in payliag quantities,
-}oge'f‘“e" wiehh .

and associated magnetite, remains in some parts adjacent to the o0ld
paystreaxs and in cracks and joints in the blocky quartzite-schist
bedrock.

Fig. 3 shows a typical‘&ave{fgﬂprofile of Livengood Creek, near
the town of Livengood. The gold values were determined by drilling.
Data on the amount of magnetite was not available, but it gggg;;g{y
concentrated with the gold. This profile is falrly typical of those
obtained over placers deposited under favorable conditions, thst is,
where adequate amounts of magnetite and gold were available ag§:¥g2re /L”h“c
was sufficient concentration to form a well defined paystreak.

Anomalies over placers have been found to be positive as a whole

but over many shallow placers the magnetic values fluctuate sharply

and bear no apparent relation to gold values as determined by drilling.
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Typical traverse profiles of Fortage and “ammoth Creeks in the Circle
District ( Figs. 2 & 4) indicate the erratic nature of the anomalies
obtained over several shallow placers.

On rPortage Creek it was not possible to sample the placer along
the lineg of the magnetometer traverses, but samples taken along the
face of a nearoy mining cut showed an agreement between the amounts
of magnetite and gold. The gravel at the limits of the cut contained
an average of 21 gm. magnetite per cu. yd., while the richer parts of
the gravel averaged 52 gm, per cu, yd. A few rounded pieces of
magnetite were wp=tv 2 ¢m. 1n diameter. The concentrates obtained :from
the limits contained 4% magnetite compared to 6 % from the richer parts
of %the cut. The magnetite content of the Portage Creek placer is low
compared to other placers and coﬁsequently relatively small anomslies
were anticipated. hile the amounts of magnetite as determined in the
cut are not likely to hold for the entire placer, the same general
relations probably are maintained and a beiter agreement between ano-
malies and gold vazlues would be expected.

On Wammoth Creek no samples were available, but it;is said that
considerable magnetite, some of it coarse, is contained in the o-oncen-
trates and that larger amounts of concentrates are found in the richer
parts of the placer, so that here, also, a general agreement between

gold values and anomalies would be anticicated.

There are several possible reasons for the lack of agreement, Hamely:

erronefous gold values as indicated by any single drill hole, presence
in the gravel of polarized magnetite/(lodestoneL with magnetic field
opposed to the earth field, presencelof near surface dboulders wifh
remanent magnetism opposed to the earth field, and local erratic varia-
tions in the magnetic properties of bedrock, The last possibility may

ve ruled out in the cases a@ited, as traverses over the adjacent country

27/
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rock indicate uniform magnetic conditions.

Small driyég were used in prospecting the two creeks, and as the
geld in both placers is fairly coarse, the values as calculated from
any single drillhole may in many cases not represent the actual values
in the immediate viecinity. PFor this raason, agreement or non—agreemg%pt o
between values iddicated by individual.zgliigﬁies and corresponding
anonalies may be partly fortuitcus.

Polarized magnetite occurs in a number of placers in the interilor
and while-there is reason to bellete that lodestone will in general
tend to derosit so that its magnetic field coincifds with that of the
earth, occasional coarse pieces may be devosited with more or less re-
versed polarity. Unfortunately, :it would not be a simple matter to
determine the orientation of lodestone in placers.

Tne presence of near-surface boulders or cobbles with remanent

MAA'/'
magnetic field more or less opposed to the earth field may be the Cowdmsaas?

Commen Cadse of
—suxky-reasen -for erratic anomalies over shallow placers. Thelr effect
on the vertical intensity would be relatively large becsuse they are
closer to the surface than the usual placer concentration. The sffect
of local near-surface irregularities could be minimized by closer
spacing of stations.
Altkoash .
$hite the reasons for erratic anomalies are not definitely knmown,

they may be interpreted as an indication of shallow placers, afier

other possibilities have been elimingted. Anomalies assoclated with

deeper placerslusuali?\ggg;more uniform, possibly because the magne- L
tometer readings are influenced by larger volumes of gravel and be- _j}"

cause the silt and muck overburden is magnetically uniform. IO



