TERRITORY OF sLaASKA

DLPARTIENT OF MINBES

e V32

e
3
CEOPHYSIGAL EXPLORATION AT THE LOST 4+ lf/z'}:g

RIVi:R TIN DEPOSTT, ALASKA

by
JAMES A, WILLIAMS
and

ROBERY H. SAUNDERS
Associate Mining Bngineers

barch 1953

PE-043~-0O

o/

.
4‘}5/»(»




CONTENTS

INTRODUCT TON

SUPHARY
ACKNOILEDGMENTS

LOCAT I0N

HISTORY AND O-INERSHIP
PHYSICAT, FRaATURES

) N

BUINTNGS WD RQUIPMEMT
GEOLOGY

CELOPHY S ICAL VETHODS
PROCEDURE

RESULTS

CONCTUSTONS

L ‘T

(2%



ILLUSTRATIONS

Figure 1. Lost River Mine surface plant,

Figure 2, Lost River line surface plant.

Tigure 3. View of area underlain hy known granite
structure.

Figure . Another view of area shown in Figure 3.

Jigure 5. Upstream view of Camp Creek.

TFigure 6. A third view of the Lost River Mine,

].)I&I\,T ES
Plate 1. Vieinity map showlng location of lost

River Mine.

Plate 2, Contours on granite contacte.

Plate 3. Vertical resistivity profiles,

Plate . lagnetic profiles of Lost River Camp area,
Plate 5. Magnetic profiles of Camp Creek area,

Plate 6. Map showing geophysical traverses.



GEOPHYSICAL EXPLORATION AT THE LOST

RIVLR T I DEPOSIT, ALASKA

TWTRODUCTION

JThe Territorial Department of Mines maintains a staff
of mining engineers who are available to prospectors and mine
operators for consultation, examinations, and other types of
assistance with a view toward helping create new mining production
in Alasks. In line with this program, the Department did some
geophysical exploration work for the U. S. Tin Corporation at the
request of Mr. Paul Sorenson, mine manager, in an attempt to
locate areas favoragble to tin mineralization. The location of the
work was adjacent to the Lost River Mine on Cassiterite Creek,
Seward Feninsula. The work was done during August 6 to 1, 1952
by James A. Williams, Robert H. Ssunders, and Daniel &, Jones, all
of the Department of Mines, Geophysical methods used were magnetic
and earth-~resistivity measurements. Saunders drafted the accompany-
ing maps and profilles, and Williams is the writer of the report.

Since this report is concerned primayily with the.
geophysical work, other parts of the report are not so detailed
as they would be if it was writien on an examination of the mine.
Morther details on most of the subjects treated here with the
exception of the geophysical work can be obtained from varions

U, S. Geological Survey buldetins and reports, and from R. I. 3902



written by H. E, Helde of the Bureau of Mines as a result of their

exploration program there in 1942 to 19Lh.

SUMMARY

In the course of an exploration project during 1942 to
194l at the Lost River tin property, the U. S. Dureau of Mines
proved by core drilling the existence of a suspected subsurface
tin-bearing granite boss or dome, The country rock is limestone,
By request of the mine mansgement, the Territorisl Department of
Mines did some geophysical exploration there in August 1952 in an
effort to locate more subsvurface granite which would probably also
be mineralized with tin. Two wethods were employed: magnetic and
earth-resistivity,

The plan w«s to measure the anomalies over the known
structure {irst, then use that date as criteria for interpretation
of anomslies obtained in traversing unknown areas., The first staoge
of the program failed because of the facl that the granite structure
was under part of the mining camp, and the various equipment and
facilities caused false anomalies. The survey was shifted away
from camp to a location considered most likely to overlay more
granite, but both types of geophysical exploration failed to reveal
indications of subsurface bodies there.

Other items believed contributing to the lack of success
were a deficiency of magnetite in the granite, thus reducing the
magnetic characteristic of the grenite; and permafrost, which

would help to mask the higher resistivity of the granite. It is



concluded that the geopuysical methods used are quite probably not
suited for exploration for subsurface mineralization in the area

wndex: consideration.
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LOCATION
The lost Rfiver Mine is located on Cassiterite Creek,
tributary to Lost River in the Port Clarence Mining District, Cape
ilome Recording Precinct, Second Judicial Division. It is § miles
north of the Bering Sea beach Wy way of a road following Lost River,
aod about 20 airline miles NW of Nome. The geographical coordinates
ave 167°08' W Long and 65°29¢ il Iet. The location is shown on the

accompanying vicinity map, Plate l.



HISTORY AND OJNERSHIP

The discovery of cassiterite was made in this area in
1903, and a small amount of placer tin was produced from then '
until 1912. Lode mining was attempted from 1912 until 1915 and a
small tonnage of tin concentrate was produced from o pilot mill
during those years, Iurther development was carried out in two
later periods, but no more production came from the property until
after World war II., Under the impetus of the DMEA loan program,
the U. S. Tin Corporation of Jnnean snd Lost River was formed,
acquired the ground, and started the development work which should
ghortly result in steady lode tin and tungsten production. v,

Kenneth J. Kadow of dJuneau is president of the corporation,

YHYSTCAT, FEATURES

The terrain surrounding the Lost River Mine is composed
of hills rising more than 1000 feet with slopss varying from 20°
to 40%. Toward the Bering Sea, the relief is lower with a wide
river bottom. The ground surface is covered everywhere with
broken and weathered limestone which is quite sharp and cuts foot=
gear rapidly.

Iquipment and supplies must be lightered ashore from
freighters at the mouth of Lost River since there is no harbor
there. A small flight strip sllows small planes to land within
two miles of the camp, but a larger one to accommodate DC-3's is
scheduled for early completion.

Timber and vegetation sre non-existent.
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CLTMATE
The westher 2t Lost River is characterized by sudden
chonges and strong winds. Iog and rsin come and go rapidly in the
summers but the total rainfall is probably not great. Onowfall
reaches considerable depths in the winter, and tﬁere is tuch
violent weather and temperatures dowm to minus forty degrees. The
gnow is not vwsually complebvely melted before June or July. The

Bering Sea is frozen from November to June.

RUIT.DINGS #NL EQUIPHENT

The mine and mill), though not in continvous production
yet, are completely equipped. Details of equipment and operation
are uncalled for in this repori, but can be found or pages 5 and 6
of the wrifter's Itinerary Report covering the trip to Lost River
and dated November 20, 1952, UNumerous residence buildings in
addition to the mine bunkhouse and messhall have been erected at
the rcamp, Iost of these are Army surplus Guonset huts and pre-
fabricated buildings, some of which can he scen in the accompanying
photographs. The remainder are located further downstream toward

and at, the confluence of Cassiterite and Camp Creeks.

CEOLOGY
The area is one of limestone with subsurface granite
intrusions and later acidic dikes, The limestone beds are dislocated
by faults striking east-west and dipping steeply to the south, and

by another series that strike voughly N 20° i and din ﬁ;l/ Some of

%/' Edward Steidtmann and S. H. Cathcart, Ceology of the York Tin
eposits, slaska: U. S. Geological Survey Bull. 733, 1922, Pe 51
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these faulis were intruded by tin-besring acldic material, thereby
forming the dikes which are the known ore bodies under development
or investigation. The other granite intrusives are apparently in
the form of stocks, bosses, or domes which ascended into the lime~
stone but failed to reach the surface. The Fureaw of lMines diamond
drilling proved the existence of one of these granite domes and
also proved it to be mineralized with cassiterite. Ibs contours

as deducted from the drilling resuvlis are shown on FPlate 2. This
dome and others should become sources of tin ore as well as the
dikes,

The contact between the granite and the limestone is a
soft kaolin-like material which is altered granite, & similar
material is found in Cassiterite Uike, The tin mineralization in
the dowe is not only at the contact, btut extends into the granite
a considerable distance with the highest grade in a slightly
dipping tabular 2one running through the dome about forty feet
below the highest point of the structure. It 1s reasonably safe
to assume that other similar structures exist in the viecinity.

4 mumbey of other minerals are assoclated with the tin
at Lost River, the wost important of which are wolframite and
flvorite, Tungsten will form e commercially importent part of
the mill produect.

The Bureaun drilling program also disclosed that the
presence of permefrost is general, wsually extending to 1€O or

150 feet where they drilled,

b



GEOPHYS ICAL METHODS

The two geophysical methods employed were verthical
magnetic intensity measurements with a magnetometer and earth-
resistivity measurements with a geoscope. The magnetometer used
was a vertical wilson-Hull Scimidi-type fileld balance, Model A,

Vo, 1, and the geoscope was an {ldach and Prow manufactured in
Philadelphia for the Department of Mines ahout 1940 under the
direction of De, Henvy R, Joesting ﬁho was then an 4ssociste
Mining Engineer for the Departmento'

In the operation of the magnetic survey, a base sufficiently
distant from possible artificlal magnetic interference was selected
and given an arbitrary intensity value of 500 gammas, This base
was used as a check point wnere readings were taken at the start
and finish of each portion of magnetic work each day and every
hour during the survey to detect diurnal. and instrument changes.
“Yhen changes were found to have occurred, the readings obtained
in the meantime vere adjusted accordingly. Wwhen the distance from
the base was too great to check bhack te it every hour, checks were
made at subbases whose intensities were established by frequent
checks betwsen them snd the primary base. The instrument was
properly calibrated for both sensitivity and temperature coefficient
wvhile at Lost River, and these items were included in the calculations
of the magnetic intensities from the readings obtained. Readings

and results of calculations are recorded in Field Book Ho. W=l



Sensitivity of the magnetometer was set at about 28 pawmas per
scale division. (The exact figure is unavailable at the moment).

In the earth-resistiviby measuvements, the Wenner
electrode configuration wes used in which the two current electrodes
are placed outside the two potential electrodes, all electrodes
being in a straight line and distances between them kept equal.
Thus if a potvential electrode spread of 25 feet was desired, the
current electrodes were placed 25 feet beyond the potential
electrodes, and the total length of thé line of electrodes was
75 feet. Direct current was used, and the current elecirodes were
iron rods driven into the ground, The potential electrades were
porous pots conbaining copper sulfate solution to preveat polariza-
tion, The current was reversed at each setting, and the two
readings obtalned were averaged to eliminate faulty values being
ohtained as a resnlt of ground currents that often exist. Heavily
ingulated Mo. 18 stronded wire was used for connecting the electrodes
to the geoscope.

The procedure was to send a measured current between the
current electrodes, and then measure the potentisl between the
potential electrodes. The apparent resistivity of the ground in
units of ohms-centimeters is then found by the formuls 2WaV/I
wanere 'al! is the potential electirode separation in centimeters,

Wit is the potential in volts and "I is the current in armperes.

Theoretically, in homogeneons ground the resistivity is obtained

-8~



to a depth roughly equal to the electrode separation.g/ Thus, as
the electrodes are spread further and further apart, one is
obtaining readings representing greater depths. This resulis in
depth profiles. Traverse profiles are obtained by traversing along
a line with electrodes always sel at the same separation.l The
profile obtained in this manner would represent the varying resis-
tivity of the ground at a theoretical constant depth along the

traverse,

PROCEDYRE

The problem was to locabte other subsurface granite
structures, similar to the one ocutlined by the Bureaun of Mines
drilling, where further tin mineralization is likely to occur.
It was considered that either or bLoth of the two geophysical methods
used should reveal anomalies that could be interpreted to indicate
the presence of granite bedies in limestone for the following
reasonss (1) granite is ordinarily more magnetic than limestone
because of the magnetite and other basic minerals it contains, and
(2) it usually has a higher electrical resistance than limestone
because of limestone's higher watef content and more orderly grain
orientation.3/ Tt was decided that the most logical method of
attack on the problem was to run traverses with the geophysical

equipment. over the known zranite structure, and use the anomalies

2/ J. J. Jakosky, Exploratlon Geophysics, (First ndition: Los
sngeles: Times=lirror Press, 1940), p. 317.

3/ C. n. Heiland, Ceoohysical Exploration, (Vew York: Prentice~
Hall, Inc., 19L0), pp. 63k, 680-563,




obtained there as a bhasis for interpretation of snomalies obtained
wnen traversing unknown areas in search of the other bodies,
iccordingly, five magnetometer traverses with 50-foot
stations where possible were laid out on the surface over the
structure os shown in Figure 3 and in Plates 2 and 6. They were
surveyed so as to be parallel to and coincide with the existing
grid created by the Bureau of Mines. It was reasoned that in
ruming perpendicular to the ridge-like granite structuve, the
magnetic anomalies, if any, would vary more quickly and thereby
be wore easlily interpreted,

R.snlts of magnetic observations on Lines 4900 to 5300
were of no value, (2)1 results will be discussed in the next section
of the report) so a traverse of 100~foot stations was laid out
along the bed of Camp Creek for further mwagnetic observations.
This location for a traverse was chosen because 1t extends across
an area toward which the granite structure appears to trend, and
it is also at a lowver elevation than the other terrain in that
direction, hence shovld be nearer the granite, The first part of
the above statement can perhaps be more easily understood when
Plate 2 is superimposed on Plate 6 and properly located Ly means
of the approprilate grid lines. Line & was run parallel to the
lower part of the first Camp Creek traverse zs a double check, and
Jine B was a third parallel trsverse run in an ares thal temporarily

looked promising as a result of anomalies found in Lines 0 and A,

~10~



Figure 3.

Figure L.

View of area underlain by known granite
structure. Inked lines show approximate
locations of Magnetic Traverse Lines 900
to 5300. Obnow patch in upper right is at
upper end of Camp Creek Traverse Line U,

Another wiew of area shown in Figure 2.



l{ocations of all magnebic traverses and centers of resistivity
work can be seen on Plate 6.

A depth-resistivity survey was run centered on and
perpendicular to Line 5000 at Station 106%. This location and
direction were chosen because they are above and in Jine with the
ridge which is the highest part of the granite structure. It was
reasoned that if a relatively marked increase in resistance counld
be detected at somewhere in the vicinibty of the theoretical depth
of the contact, that would be the hoped-for indication, and
horizontal traverses with large electrode separstions could then
be run in the search for favorable amomalles indicating other
eranite structures. When an electrode separatioa of only 125
feet was reached, {actusl depbh of granite at this point is about
270 feet) it was seen that various interferences were making the
vork vseless, and the resistivity messurements were halted at this
location,

Arother depth-resistivity survey was run at Station
124428 and in line with that portion of lLine A. This location
was also picked becauwse the granite appears to trend toward that
vicinity and because the best magnetic anomalies on Camp Creek
were in that area. The location can be seen in Figure 5. This
second resistivity survey was carvied out to an electrode separation
of 600 feet, which was as great a spread as the total footage of
wire allowed,

sxpected enomalies had not eppeared, so the geophysical

work was stopped at this time.

=11-



ure 5, Upstream view of Camp Creek. A marks

approximate location of center of second

iure 6. 4 third view of the Lost niver Mine. The
original portal is located back of the left-

hand end of the two=-story bunkhouse., Two
more portals can be seen toward the upper
rirht corner which outline the outeroppin

ike.

(assiterite



» plane-table survey was made of the traverses in ordeyr
to precisely locate and map them as well as obtain the elevations
and contours. This work resulted in the features shown on Plate 6.
A5 already mentioned, the erid used was originated by the Bureau

of UWines,

RUSULTS

The magnetic traverases over the known granite structure
resulted in the profiles showm on Plate L. The portion of each
traverse where the ground suvrface and the granite contack approaﬁhed
cacn other nearest was in every case near pipes, power lines, or
buildings which caused, or would have cauvsed, false anomalies.
These artificial influences continued to the west end of each
traverse line except apparently on Line 5100. Inspection of the
photographs will show that to have run more traverses to the north
ar south would have been useless because of more buildings that
would have been encountered,

approaching west Srom the undisturbed east ends of the
traverses, three of the magnetic profiles either stay relatively
level or drop slightly as the granite depth decreases; the profile
of Line 5200 shows a very slight rise with the anomaly at Station
107 questionable; and the profile of Line L900 remains level until
Stations 106 and 105 ave reached, which may have been influenced
by & pile of iron roofing.,

It appears improbable, therefore, that the granite would
have caused magnetic anomalies sufficiently outstending 0 be used

in future interpretaiions, had the disturbing factors not been

)l D



there, but the writer is not positive on this point. A probable
reason for this apparent failure of the granite to cause the
expected anomalies was given by Mr. Killeen of the U.S5.G.3, after
the survey when he informed the members of the Department that this
particular granite was deficient in magnetite content. This fact
was not known when the survey was being planned.

The magnetic traversing of Camp Creek, though free of
artificial influences, showed up no anomalies over a sufficiently
wide area to indicate the existence of a subsurface body as broad
as the structure in question. (See Plates 2 and 5, which ave
drawn to the same scale). Three small local anomalies in the
same area can be seen in Lines O, A, and B, but they do not
coincide very well., Their cause is unknoun.

In the resistivity work, interference from power and pipe
lines agairn pave false anomalies over the known structure, The
erratic resvlts can be seen in the left-hand profile of Plate 3,
nfter reaching an apparent resistivity of about 750,000 ohme
centimeters at electrode separations of 25 and 50 feet, it then
drops back to about 250,000 at spreads of 75 and 100 feet, only
to jump back to 900,000 ohm~centimeters at 125 feet., Apparently
a pipeline or power line was helping to conduct the cuvrrent at the
75 and 100=-foot spreads. Further, currents in the ground became
so large in the longer spreads that it was very difficult to over-
come them with the curreat from the geoscope, After the 125-foot

spacing, it was impossible to operate further. The existing ground

~13-



curranhs were no doubt caused by the mine power Jines and various
e¢lectrical equipment in the vicinity.

The deptheresistivity survey at Station 124428 on Camp
Creek gave a natural depth profile, but not the type that was hoved
fore A8 can be seen in late 3, the resistivity increased (roughly)
until a separation of 325 to 375 feet was reached. Then it decreased
steadily until the maximum possible spread of 600 feet was reached.
It the current entered granite after a certein depth was reached,
and nothing else was interfering, the profile should tend to flatlen
out, theoretically, showing a greater rate of increase of resistivity;
or at least the profile would show a continued increase at not less
then the existing rate, But here the profile actually reverses to
show a decreasing resistivity sfter some sort of discopbinuity is
reached.

/5 mentioned earlier, permafrost is general in the avea.
Trozen material has o higher resistivity than when it is thawed,ly
and the profile resembles those of Joesting's in his work on
permafrost.g/ Under these circumstances, it appears that the break
in the préfile under discussion was caused by the lower limit of
the permafrost, and if granite is there, its effect is overshadowed
by the higher resistivity of the frozen limestone. It is also

possible that other uvnknown factors may be chenging the resnlts.

L/ Heary R, Joesting: IMagnetomefer and Direci-current Resistivity
Studies jn alaska. a.T1, MJE, Tech, Pub. 128, (2941), p. 11~13.

_5/ Ibido, p- 13“17;
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CONCLUS TONS

Conclusions were included vnder RESULTS, but they will
be briefly summarized here,

sttempts bto obtain megnebic and resistivity enomalies
over the known granite structure to use as criteria for unknown
areas failed because of the proximity of the mining camp with its
facilities, and partly, it is believed, because of o deficiency of
magnetite in tre granite. The magnetic profiles ol the Camp Creek
area failed to reveal significant anomalies, and the depth-reaisti-
vity survey there indicated only a probable lower limit of permafrost
at a theoretical depth of 300 to LOO feet. It appesrs evident from
the results obtained that the methods used are not suited for
further geophysical exploration for granite in the ares concerned.
Unfortunately, this conclusion corld not be positively proven
because of Lhe interference over the knowm area.

Other possible geophysical methods are airborne magneto-
meter surveying and seismic work. The airborne magnetometer couvld
guite possible outline general granite areas in the viciniiy in
spite of the magnetite deficiency. An authority on aerisl work
should bhe consulted on the problem. OSeismic exploration might run
into difficuities bLecauvuse of the soft wmaterial at the contact and
the permafrost. Agein, an expert in that particular field should

ha consulted.

vanes #, Williams
Ahssocinste Mining fngineer
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