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/ 
I have been somewhat remiss  l a t e l y  i n  keeping you informed of  our a c t i v i t i e s ,  
The main reason i s  t h a t  it has  seemed bea t  t o  g e t  i n  a s  much f i e l d  work as 
poss ib l e  before  t h e  r e a l l y  cold weather comes. We have n o t  had any bod weather 
yet ,  except ing one cold,  windy spel l .  whi le  we were on Deadwood Creek. 

,,,,e 5 1 e e z  
l i e  re ta rned  from t h e  C i r c l e  D i n t r i c t  Sept .  $3,,worked about  a  week and a h a l f  
on Happy Creek m d  around Fairbanks, and have been running a magnetic survey 
on Bedrock Creek, t r i b u t a r y  t o  Cleary  Creek, s ince  Oct. 6, While we a r e  ou t  
h e r e  we i n t end  'ih, spend a few days running t r a v e r s e s  over some of  t h e  g r a n i t i c  
ou tcrops  around Pedro Dome to s e e  if  they can be ou t l i ned  by means o f  t h e  magnet- 
one ter .  

The geoscope wau used a s  much as p o s s i b l e  before  freezeup, a s  winter  cond i t i ons  
w i l l  n e c e s s i t a t e  some changes i n  t h e  o u t f i t ,  as w e l l  as some experimenting t o  
determine if it i s  p r a c t i c a l  t o  u se  during co ld  weather. Ervin Bramhall, Professor  
o f  Phys ics  a t  tine U, of A, ,  h a s  promised to lend u s  a  more s e n s i t i v e  galvanometer 
t o  r ep l ace  t h e  one we have been using, which i s  no t  s u f f i c i e n t l y  s e n s i t i v e  f o r  
u se  on snow covered or frozen sur faces .  I t  w i l l  be necessary t o  mix some a o r t  o f  
a n t i f r e e z e  wi th  t h e  copper s u l f a t e  s o l u t i o n  i n  t h e  non-polar izable  e lec t rodes ,  
and devise  a  aethod &x t o  p reven t  t h e  b a t t e r i e s  i n  t h e  geoscope from f r eez ing .  
Ibr .the L a t t e r  I had thought of t r y i n g  hanging some p i e c e s  o f  wool blanket around 
Yne s i d e s  of t h e  instrument ,  long enough t o  reach t h e  ground, and hanging a small. 
o i l  h e a t e r  o r  Coleman l a n t e r n  from a hook faa tened  under t h e  p l a n e t a b l e  t r i pod .  
A thermometer s tuck  through t h e  ins t rument  panel  w i l l  t e l l .  u s  how much h e a t  t o  
apply. I th ink  t h a t  dry c e l l s  w i l l  f unc t ion  i n  temperatures  above I ~ ~ F ,  o r  there-  
abouts ,  so a g r e a t  dea l  o f  h e a t  will n o t  be necessary, e s p e c i a l l y  i f  t h e  instrument  
i -s  Earm a t  t h e  s t a r t  of t h e  day. For permanehi win ter  o p e r a t i o n s  a sma l l  motor- 
g e n e r a t o r  s e t  probably muld be t h e  b e s t  source of cu r r en t ,  but t h e  method proposed 
should be s a t i s f a c t o r y  and won' t  c o s t  anything f o r  new equipment, Methods s i m i l a r  
t o  those  we a r e  u s ing  have never been t r i e d  o u t  under co ld  weather cond i t i ons ,  t o  
my knowledge, b u t  t h e y  should w o k .  I n  some r e spec t s  r e s u l t s  may be b e t t e r  t han  
t h o s e  obtained dur ing  t h e  summer, a s  su r f ace  condi t ions  w i l l  be quite uniform, 
I n c i d e n t l y  it w i l l  be easy to determine t h e  depth of temporary, o r  w i n t e r  f r o s t  
by r e s i s t i v i t y  methods. 

I am enclos ing  a l e t t e r  from hlr. Gebhardt, Observer i n  Charge a t  t h e  S i t k a  Magnetic 
Observatory, i n  lrhich he  mentions t h e  p o s s i b i l i t y  of t h e  C. and 0. Survey e s t ab l i sh -  
i n g  an observa tory  i n  t h e  i n t e r i o r ,  and a l s o  something about  a p o r t a b l e  magnetograph 
which they  a r e  developing. Some method o f  ob ta in ing  a cont inuous r eco rd  o f  t h e  
f l u c t u a t i o n s  i n  t'ne e a r t h ' s  magnetic f i e l d  i n t e n s i t y  w;ykd be a  g r e a t  a i d  t o  mag- 
n e t i c  prospec t ing  i n  t h e  i n t e r i o r .  A t  p rosen t  we c h e c k A h o u r u  t o  a base  s t a t i o n  
dur ing  magnetic surveys. An observa tory  i n  t h e  v i c i n i t y  would e l i m i n a t e  t h e  need of 
this, would enable  more accu ra t e  c o r r e c t i o n s  f o r  diumnal v a r i a t i o n  t o  be made, and 
would permit  work t o  be c a r r i e d  on during more d is turbed  magnetic condi t ions .  

A y e a r  ago t h e  C .  and G. Survey was cons ider ing  e s t a b l i s h i n g  an observa tory  a t  t h e  
U. of A * ,  bu t  t h e  p l a n  appa ren t ly  was dropped. L a s t  w in te r  i n  Washington I heard t h a t  
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t h e  unpleasant  exper iences  of t h e  Bio logica l  Survay a t  College s o r t  o f  made t h e  
C.  and G .  Survey wary of e s t a b l i s h i n g  themselves there .  I wonder i f  t h e  Dept. of 
Mines could coopera te  i n  some way i n  helping t o  bring an obeervatory ta t h e  i n t e r i o r .  
Perhaps i f  they understood t h a t  besides g e t t i n g  d a t a  t h a t  t h e y  need, they would be 
a i d i n g  o the r  geophysical  work, t hey  would t a k e  quicker ac t ion .  

,,? n e t t ;  a*' 
Since  seeing you l a s t  we f i n i s h e d  up on Por t age  Creek and r a n , r e s i a t i v i t y  surveys 
on Deadwood and ii4ammoth Creeks i n  t h e  C i r c l e  D i s t r i c t  and on Happy Creek i n  t h e  
Fairbanks D i s t r i c t .  I n  addi t ion ,  deep r e s i s t i v i t y  rune were made on t h e  C i r c l e  
Spr ings  a i r f i e l d  and on a f i e l d  o f  BentLey's  Dairy near Fairbanks, The f i r s t  i n d i c a t e s  
t h a t  what i s  probably t h e  T e r t i a r y  conglomerate extends from depths of from 90 t o  
110 f e a t ,  t o  a t  l e a s t  520 f e e t  deep. The Fzirbanks t e s t  gave no i n d i c a t i o n  of bed- 
rock a t  &I0 f e e t ,  t h e  g r e a t e s t  depth reached. I would l i k e  t o  make some a d d i t i o n a l  
ddep runs near Fairbanks, where t h e  deepes t  wel l s  reach below s e a l e v e l  bu t  have n o t  
h i t  bedrock. Two dsya were spent  i n v e a t i g a t i n g  t h e  very h igh  su r f ace  p o t e n t i a l s  t h a t  
a r e  always found i n  ground covered wi th  moss and peat. Samples o f  moss were t aken  
f o r  subsequent determimations o f  the i f :  a c i d i t y .  

The r e s u l t s  have n o t  been worked up i n  f i n a l  form, but t h e  r e s i s t i v i t y  work oll; 
Por tage ,  Deadwood and Happy Creeks gave good r e s u l t s  t h a t  checked mith k n o m  condi- 
Lions. On Mammoth C r e h  t h e  main break appear8 to be a t  Vne base of t h e  l ' rozen ground 
r a t h e r  than  a t  t h e  t o p  of  bedrock. Poss ib ly  t h e  break; a t  top  o f  bedrock w i l l  a h o ~ f  up 
b e t t e r  when t h e  cu rves  a r e  subjec ted  t o  mathematical a n a l y s i s ,  but  art offhand i n t e r -  
p r e t a t i o n ,  with no  d r i l l  logs  to check aga ins t ,  would p loce  a11 depths s e v e r a l  f e e t  
too  g r e a t .  With occas iona l  d r i l l  h o l e s  f o r  checking purpoBes, I be l i eve  t h a t  Manmoth 
Creelr could be p r o f i l e d  f a i r l y  accura te ly .  Good magnetometer r e s u l t s  were obtained 
on Deadwood and Happy Creeks, wi th  c l e a r  c u t  agreements wi th  h o w n  values.  0nIdanunoth 
Creelr t h e r e  i s  g e n e r a l  agreement wi th  d r i l L  va lues ,  but t h e r e  a r e  a number of dia- 
a r epenc ie s ,  That i s ,  ind iv idua l  d r i l l  ho l e s  may show low va lues  where t h e  magnetic 
aurvey i n d i c a t e s  good values,  and v i c e  versa .  These d iocrepencies  may>ue t o  t h e  f a c t  
t h e  hbmmoth creek go ld  i s  coarse  and of  spobted occurrence. The b n ' a i r p l a n e  d r i l l .  
used t o  prospect  t h e  creek could n o t  be expected t o  g ive  a c c u r a t e  r e s u l t s  i n  each 
hole ,  a l t hou  h,,the average va lues  a s  d e t e r d n e d  by d r i l l i n g  might agree  wi th  recovered 
values.  O n y ~ % $ t a ~ e  Creek t h e  pay i s  s ca t t e r ed ,  according to d r i l l i n g  and magnetometer 
r e s u l t s .  A l i n e  run o n  upper Po r t age  where t h e  pay i s  s a i d  t o  be more confined, Fave 
r e s u l t s  t h a t  agree  wi th  t h e  prospec t ing  d a t a  avai lable .The s m a l l  magnetic anomalies 
on Por tage  Creek i n d i c a t e  t h a t  p o s i t i v o  magnetometric r e s u l t s  a r e  more d i f f i c u l t  + 

t o  o b t a i n  than  on most of t h e  o t h e r  c reeks  t e s i e d .  

To d a t e  t h e  folloariug c reeks  and a r e a s  have been t e s t e d  by magnetic and r e s i s t i v i t y  
surveys t Eater  ( r e s i s t i v i t y  onLy), Wolf, Happy, Cleary Hill ,Livengood, Hess, Portage,  
Deadwood and Mammoth. I n  connect ion w i t h  t h e  magnetic work samples of g r a v e l  and 
bedrock were taken wherever poaa ib l e  f o r  subsequent quant i ta t i .ve  de te rmina t ion  o f  
magnetic minera l  c0nten.t. R e s i s t i v i t y  work a l s o  has been done on problems t h a t  a r e  
o f  i n d i r e c t  importance t o  prospec t ing  i-ncluding ( I )  s tudy o f  f r o z e n  and thaned muck, 
g rave l  and bedrock i n  o r d e r  to determine cons t an t s  o r  t y p i c a l  r e s i s t i v i t y  va lues  f o r  
va r ious  types  of depos i t s ,  ( 2 )  deterninat i .cn of  ex i s t ance  and depth o f  underground 
water,  ( 3 )  d e l i n e a t i o n  of  f rozen  and thawed a reas  ( 4 )  t r a c i n g  bur ied  aewar p ipes  
( 5 ) s t u d y  of  abnormal e a r t h  c u r r e n t s  i n  moss covered ground and i n  a r e a s  o f  a l t e r n a t e w  
f r o z e n  and thawed overburden and (6 )  deep t e s t s  t o  d e t e m i n e  depths o f  overburden 
i n  t h e  Tanana v a l l e y  near  Fairbanks and i n  t h e  o ld  Yukon v a l l e y  near C i r c l e  Springe. 
A emall  moun t  of magnetic work a l s o  has been done on f a u l t s  and igneous i n t r u s i o n a .  
A good p a r t  of t h e  work ou t l i ned  above n e c e s s a r i l y  has  been o f  a pre l i in inary  nature.  
The main e f f o r t  a t  t h i s  a tage of t h e  work h a s  been t o  o b t a i n  a concept ion o f  t h e  
e x t e n t  t o  which magnetic and r e s i s t i v i t y  methods may be app l i ed  t o  t h e  s o l u t i o n  of 
problems r e l a t e d  t o  proapect ing,  r a t h e r  than  t o  make an exhaus t ive  etudy o f  any one 
problem. I be l ieve  t h i s  i s  i n  accord wi th  your  plans.  

Although we have n o t  y e t  been ab le  t o  work s p  al l  of  t h e  resuLts ,  t h e  magnetic work 
- , can be evaluated i n  a p re l imina ry  way and some concluniona drawn a s  t o  t h e  e x t e n t  

I 
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t o  which magneto~netr ic  methods may be appl ied  inhprospoct ing.  On Deadwood, Mammoth 
arat Livengood and  Happy Creeks magnetic anomalies of from 50 t o  200 gamma8 were 
ob ta ined ,  These may be c lassed  a s  moderate s i zed  anomalies i n  p l ace r  work in i n t e r i o r  
Alaska.They a r e  d i r e c t l y  r e l a t e d  t o  concen t r a t ions  of heavy p l a c e r  ma te r i a l s ;  t h u s  
t h e s e  c reeks  should be r e l a t i v e l y  easy to  prospec t  by magnetometric methods, On Volf 
and For t age  Creeks t h e  anomaliee were smal le r  bu t  are d i r e c t l y  reLated t o  t h e  p l a c e r  
depos i t s .  Tho measurenent of  m a l l  anomalies r e q u i r e s  g r e a t e r  accuracy and d e t a i l .  
The work an  Hess Creek gave nega t ive  r e s u l t s ,  which agrees  wi th  t h e  a v a i l a b l e  proa- 
p e c t i n g  data.  R 

From t h i s  season 's  work, as we1 1 a s  from p a s t  work, it appears  t h a t  $he m a j o r i t y  of  
t h e  p l a c e r  depos i t s  o f  i n t e r i o r  Alaska a r e  amenable t o  prospec t ing  by magnetometric 
methods. The magnetic anomalies a r e  i n  genera l  moderato t o  small ,  b u t  a r e  r e a d i l y  
measurable by means o f  e x i s t i n g  magnetic f i e l d  balances.  P l a c e r  depos i t s  t h a t  probabky 
cannot  be ou t l i ned  by t h i s  method a r e  t hose  t h a t  a r e  very deep and a t  t h e  same t ime 
con ta in  a r e l - a t i ve ly  m a l l  amount of magnetic sands. Occaeional ly,  l a r g e  magnetic 
anomalies  r eq l a t ed  t o  changes i n  bedrock a r e  encountered. These may be separa ted  from 
anomalies duo t o  p l a c e r s  by d e t a i l e d  magnetic work and by c o r r e c t  geologic  i n t e r p r e t a -  
t i on .  Apparently a1 1 p l a c e r s  con ta in  some magnetic sands, b u t  t h e  m o w t  Bay vary 
g r e a t l y  i n  d i f f e r e n t  depos i t s .  The s i z e  of' t h e  magnetic anomaly i s  d i r e c t l y  propor- 
t i o n a l  tm t h e  a m u n t  o f  magnetic m a t e r i a l  and i n v e r ~ e l y  p ropor t iona l  t o  t h e  square  
o f  t h e  depth o f  t h e  depos i t .  Thus,shallow creeks  w i l l  i n  gene ra l  g i v e  b e t t e r  r e s u l t s ,  
bu t  ground up t o  a t  l e a s t  290 f e e t  deep  can b e  prospected i f  t n e r e  i s  a d e f i n i t e  
pay s t r e a k .  The dep ths  on Happy and Livengood Creelcs a r e  froln about 100 t o  120 f ee t ,  
and very  good r e s u l t s  were obta ined ,  

A s  i s  w e l l  kn.own, t h e  m a h  advantage o f  t h e  magnetometer mothod l i e s  i n  t h e  r a p i d i t y  
wi th  which o. given  a r e a  can be covered. From 30 t o  50 s t a t i o n s  per  day o f  magnetomet- 
r i c  work can be ~ c c u p i e d  wi th  our  p r e s e n t  equipment. The average number of  s t a t i o n s  
p e r  day of t o t a l  e lapsed  time w i l l  be from 15 t o  25. This  i nc ludes  pre l iminary  
exaa ina t ions ,  brushing o u t  and surveying l i n e s ,  c a l c u l a t i o n s  and r epor t .  The speed 
can  be increased about  60% by us ing  a sepa ra t e  baae ins t rument ,  Subsequent checking 
by d r i l l s  o r  p rospec t  s h a f t s  i s  necessary,  bu t  t h e  amount of  t h i s  type  of prospec t ing  
u s u a l l y  can be g r e a t l y  reduced. 

The main d i f f i c u l t y  a t t end ing  magnetic prospec t ing  i n  Alaska i s  t h a t  due t o  magnetic 
storms. Because of t i le r e l a t i v e  proximity o f  t h e  no r th  magnetic po le ,  i r r e g u l a r i t i e s  
i n  t h e  i n t e n s i t y  of  t h e  e a r t h s  magnetic f i e l d  a r e  more f r equen t  and of g r e a t e r  mag- 
n i t u d e  than i n  lower l a t i t u d e s .  During magnetic s t o r m  f l u c t u a t i o n s  i n  t n e  f i e l d  in- 
t e n s i t y  occur over  pe r iods  o f  a few atagrxxjcn hours  t o  a  day o r  more. As t h e  f luc tua t iears  
o f t e n  are q u i t e  r ap id  and i r r e g u l a r ,  and may be of  g r e a t e r  m a ~ n i t u d e  than  t h e  anom- 
a l i e s  t o  be measured, i t  i s  imposs ib le  t o  o b t a i n  c o r r e c t  r e s u l t s  during t f lesex per- 
i o d s  wi th  t h e  eqiuipment on hand. ]hrrirg t h e  summer, magnetic storms have occurred  
on t h e  average of  abou t  once a  week, They u s u a l l y  a r e  l e s s  f r equen t  during t h e  winte3; 
arid a=ould  decrease i n  frequency and i n t e n s i t y  during t h e  nex t  s eve ra l  years ,  corre-,  
sponding t o  a  pe r iod  o f  decreas ing  sunspot a c t i v i t y .  Wen t h e  nagne tog rms  a r e  
rece ived  frorn SitIra, sone i d e a  may be obtained a s  t o  t h e  n m b e r  of days dur ing  which 
unfavorable  magnetic cond i t i ons  nay be expected t p  p r e v a i l .  

\ 'hen condi t iona  a r e  n o m a l  t h e r e  i s  a small,  f a i r l y  r egu la r  d i u r n a l  v a r i a t i o n  i n  t h e  
e a r t h s  magnetic f i e l d  i n t e n s i t y .  An approximate c o r r e c t i o n  can be made f o r  t h i s  by 
checking back hour ly  t o  a base s t a t i o n ,  during a magnetic survey. By usitig a  second 
magnetaueter,  convenient ly  l oca t ed  a t  a base s t a t i o n ,  t o  record d iu rna l  v a r i a t i o n ,  
t h e  neces s i ty  f o r  f r e q u e n t  checks i s  e l imina ted ,  and meesurercents can a l s o  be taken 
dur ing  d is turbed  condi t ions ,  provided t h e  d is turbences  a r e  n o t  t o o  v i o l e n t .  A magneG 
i c  observa tory  w i t h i n  50 t o  100 m i l e s  of  t h e  work wozld se rve  t h e  same purpose. Tile 
magnetograms from S i t k a  g ive  a  check on magnetic s t o r ~ n s  but  t h e  d i s t a n c e  i s  t o o  grea t  
t o  i n d i c a t e  minor f l u c t u a t i o n s  i n  t h e  i n t e r i o r .  

l i 

During magnetic s t 0  rus, f l u c t u a t i o n s  i n  t h e  e a r t h '  s  f i e l d  i n t e n s i t y  o f t e n  a r e  t oo  ?' 
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r ap id  and i r r e g u l a r  t o  perrnit co r r ec t ions  t o  be made from a  base s t a t i o n  i n s t r u s e n t .  
P. method which I have used f o r  very accu ra t e  v~or!: could be used up he re  during mag- 
storms. I t  c o n s i s t s  o f  tak ing  simultaneous observa t ions  wi th  two s imi l  nr i n s t r u u e n t s  
s e t  up a t  t h e  s t a t i o n  i n t e r v a l  uaed, say 50 t o  2CQ f e e t  apa r t .  A simultaneous s 8 t  
o f  readings  i s  ob ta ined ,  t h e  r e a r  ins t rument  i s  moved ahead t h e  dGs i r ed  d i s t ance ,  
glpl t h e  ins t ruments  a r e  again read s inul taneous ly ,  and t h e  t r k v e r s e  cont inues  by 
t h e  r e a r  i n s t r rwen t  leapfrogging ahead a f t e r  each s e t  of readin&$.  I n  t h i s  manner 
f l u c t u a t i o n s  i n  t h e  e a r t i l t s  f i e l d  ere el iminated and vorin-Lions i n  i n t e n s i t y  due t o  
vnr ic? t ions  i n  magnetic a u s c e p t i b i l i t y  of  t h e  underlying m a t e r i a l s  a r e  measured d i r ec t -  
ly.  

Any a d d i t i o n a l  i n v e s t i g a t i o n s  should be along t h e  fol lowing l i n e s :  
' 1 )  Fie ld  work t o  b b t a i n  more d a t a  on t h e  l o c a l i t i e s  where magnetic methods may 

be app l i ed  t o  p l a c e r  prospect ing,  and t h e  e x t e n t  t o  waich it may be r e l i e d  on. This  
would inc lude  m a ~ n e t i c  ELI rveys t o  de-termine p l a c e r  and bedrock anomalies, c o l l e c t i o n  
o f  g rave l  and bedrock samples and a r e a l  and s t r u c t u r a l  geologic  s t u d i e s  f o r  t h e  purp0ee.f 
checlcing and c o r r e l a t i n g  magnetic i n t e r p r e t a t i o n s .  

( 2 )  Rough q u a n t i t a t i v e  d e l e r m i n ~ t i o n s  o f  magnetic mineral-gold r a t i o s  i n  va r ious  
p c r t s  o f  t he  sane p l a c e r  deposi t ,  as welL a s  i n  d i f f e r e n t  depos i t s ,  t o  " c a l i b r a t e "  
magnetometer r e s u l t s  and t o  determine more as t o  t h e  r e l i a b i l i t y  and accuracy of t h i s  
c r i t e r i o n .  

( 3 )  Rough q u a n t i t a t i v e  determinatj.ons o f  magnetic mineral content  o f  bedrock 
stmples. 

f:4) Study of  t h e  ex t en t  t o  which k h ~ ~  magnetic method can be used t o  o u t l i n e  
s t r u c t u r a l  f e a t u r e s ,  a s  f a u l t s ,  con tac t s ,  v e i n s  and i n t r u s i o n s .  

(5) Study o f  c o a t s  and t h e  e x t e n t  t o  which d r i l l i n g  and s h a f t  s ink ing  can be 
e l imina ted  i n  p l a c e r  prospec t ing .  

A good d a r t  has  been mzde eaong a l l  of t h e s e  Linea, a l though l e s s  has  been dons 
on ( 3 )  and (4) t h a n  on  t h e  others .  

is more d i f f i c u l t  a t  p re sen t  t o  eva lua t e  t h e  r e s i s t i v i t y  work, a s  there  a r e  more 
' t heo re t i ca l  cone ide ra t ions  t o  t a k e  i n t o  account, than  i n  the magnetic work, and as 
we have n o t  had t ime a t  n i g h t  t o  work up t h e  r e s u l t s  i n t o  f inal .  form, In gensaal ,  depth 
'to &conformit ies  can  be determined with a  reasonable  d e g ~ e e  of accuracy 
about  1Q$) when cond i t i ons  a r e  n o t  t oo  complex and whefi t h e  s t r a t a  a r e  more o r  Less 
hor i zon ta l .  The presence  o f  both ho r i zon ta l  and v e r t i c a l  changes, a s  when pa tches  of 
'thawed ground c u t  a c r o s s  bedding i n  f rozen  ground,rnay cause erroneous i n t e r p r e t a t i o n s  
of  depth., m l e s u  measurements a r e  made i n  cons iderable  d e t a i l .  I t  appears  to be 
e a s i l y  poss ib l e  to d i s t i n g u i s h  between thawed and frozen ground a t  any depth0 a t  
which we have worked. Ground t h a t  i s  p a r t l y  frozen and part3-y thawed can be 
detected.  Depth8 t o  waterbear ing  beds and t h e  presenco o r  absence of  underground 
water  can be determjned according t o  severa l  t e s t s  run t h i s  summer, Resistivity 
metnods can be uaed f o r  t ho  l o c a t i o n  o:i? f a u l t s ,  c a n t a c t s  and orebodies ,  where t h e r e  
i s  s u f f i c i e n t  d i f f e r ence  between t h e  m a t e r i a l s  i n  ques t ion ,  o r  when t h e  bodies  i n  
ques t ion  a r e  l a r g e .  S p e c i f i c a l l y ,  t h i ~  means i n  t h e  case  of a f a u l t ,  t h a t  there must 
be some d i f f e r e n c e  i n  r e s i s t i v i t y  between t h e  rocks on each s i d e  of t h e  f a u l t ,  o r  
t h e r e  must be a zone of gou,e i n  t h e  f a u l t  zone. One o r  bo th  of t h e s e  c o n d i t i o n s  a r e  
u s u d I y  s a t i s f i e d .   old quar tz  vein* may be loca t ed  i f  t hey  con ta in  a cons ide rab le  
amount of  su l f ides .  ,%he method i s  of  no va lue  f o r  t h e  l o c a t i o n  o f  sma l l  q u a r t z  ve ins  
con ta in ing  p r a c t i c a l l y  no s u l f i d e s ,  unless t hey  happen t o  l i e  mn c o n t a c t s  o r  f a u l t  
p l  fines.  be d i f f i c u l t y  l i e s  i n  i n t e r p r e t a t i o n  o f  t h e  8mab.l d i f f e r e n c e s  i n  r e s i s t i ~ i t y  
obta ined  from t h e s e  veins .  The same r e s u l t s  may be due t o  s l i g h t  changes i n  t h e  c o u n t w  
rocke  In genera l  all i n t e r p r e t a t i o n  becomes more d i f f i c u l t  as t h e  depth inc reases .  
Vihen measurmenta a r e  made o f  r e s i s t i v i t y  changes i n  very l a r g e  bodies,  a s  i n  d e t e m i -  
nat ionSof depths to g r a v e l  o r  t o  bedrock, o r  depths  of f r o z e n  ground, measurements 
t o  depths  of a t  least 200 f e e t  can be made s u c c e s s f u l ~ y ,  aeds. I n  l o c a t i n g  f a u l t 8  
o r  ve ins ,  where the r e l a t i v e  volume of  t h e  body i s  l e s e ,  t h e  depth of overburden 
through which they  con be measured m s t  be  correspondingly l e a s .  Probably 25 f e e t  i s  
t h e  maximum depth i n  t'nis region. 
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The f i e l d  work han been conducted so t h a t  l i t t l e  time was l o s t  i ~ a k i n g  r e s i s t i v i t y  
surveys. Several weeks were r equ i r ed  f o r  t h e  a s s i s t a n t s  t o  thoroughly l e a r n  t h e i r  
d u t i e s  before they  could reach normal ope ra t ing  speed. Occasional  s l i g h t  changes i n  
technique  were made t o  i.ncreaae speed o r  t o  f i t  changes i n  condi t ions .  One day was 
l o s t  on Por tage  Creek when some apl iced  wires  s t a r t e d  t o  leak  a f t e r  s eve ra l  hours  
r a i n ,  I t  was necessary  t o  f i n d  ti le l eaks  and rewrap t h e  s p l i c e s .  

From fou r  t o  f i v e  days were l o s t  by me became  of t h e  n e c e s s i t y  of  r e p a i r i n g  and 
ca l ib ra t i . ng  t h e  magnetometer, a f t e r  it was found t o  have been improperly recondi t ioned  
a t  t h e  Colo. School o f  Mines and aga in  a f t e r  it was dropped on Deadwood Creek, Sinco 
then  no t ime hos  been l o s t  due to improper func t ion ing  of t h e  instrwdent .  Magnetic 
storms have stopped magnetometer f i e l d  work a  number of  t imes  t h i s  season. bu t  t h i a  - - 
b e e  n o t  r ep re sen t  t ime l o s t ,  a s  xu brushing and l ay ing  ou t  l i n e s ,  e t c . ,  can be done 
er(t dur ing  t h e s e  t imes,  

The advent  of  cold weather has  slowed down f i e l d  work s l i g h t l y ,  bu t  a f t e r  we a r e  
accustomed t o  t h e  d i f f e r e n t  cond i t i ons  we should make about t h e  same speed a s  i n  
warm weather,  The, n e c e s s i t y  o f  moving f a s t e r  w i l l  p a r t l y  o f f s e t  t h e  disadvantages 
of  heavy c l o t h e s  and gloves,  

The geophysical  work t h a t  1 had planned f o r  t h i s  f a l l ,  bes ide  g e t t i n g  t h e  r e s i s t i v i t y  
equipment ready f o r  cold weather, c o n s i s t s  oI" r e a i  s t i v i t y  work on lower Goldstream, 
a d d i t i o n a l  wor!c on con tac t s  between f rozen  and thawed ground and on n a t u r a l  e a r t h  c!~!--r. 
cu r r en t s .  From wor!c. clone t h i s  sunmer, it looks  a s  though W x  frozeti  and thawed 
a r e a s  might be t r a c e a b l e  by t h e  abnormally l a r g e  e a r t h  c u r r e n t s  which appa ren t ly  
e x i s t  a t  t h e  con tac t  o f  permanently f rozen  wi th  thawed ground, The e r r a t i c  su r f ace  
p o t e n t i a l s  caused by decnying moss have h i t h e r t o  masked t h e  deeper l y i n g  e a r t h  currenhd 
It may be t h a t  now when the  moss i s  frozen,  t h e  sur face  c u r r e n t s  w i l l  have disappeared. 
I a l s o  want t o  do some magnetic work on t h e  B i r ch  Creek s c h i s t ,  whore we have a l r eady  
done r e s i a t i v i t y  work, t o  determine t h e  anomalies t h a t  can be expected from bedrock 
changes, Some a d d i t i o n a l  work should be done on t h e  g r a n i t i c  i n t r u s i o n s  t o  confirm our 
p re l imina ry  r e s u l t s .  All o f  t h i s  work can be done from College. 

During t h e  s h o r t e s t  days I had planned to p repa re  a r e p o r t  m d  i f  time i s  a v a i l a b l e  
would Like t o  work up some o r  t h e  g rave l  and bedrock samples c o l l e c t e d  t h i s  summer, 
B i l l  Burns has  a pe t rographic  and a  b inocular  microscope and I have t h e  r e s t  o f  t h e  
neceaeary equipment, F i e l d  work can be resumed i n  t h e  e a r l y  spr ing ,  say i n  February 
o r  Marcli, when t h e  days a r e  longer ,  i f  it i s  your i n t e n t i o n  t o  cont inue  t h i s  work. 

I woulLd l i k e  t o  knom how long I w i l l  be a b l e  t o  r e t a i n  E rn ie  WoWf, my a a s i s t a n t .  
As t h i n g s  appenr at p r e s e n t  I can  use  him f o r  about  two more monthe, o f  which about 
f i v e  weeks would be f i e l d  work and t h r e e  weeks o f f i c e  work. If f i e l d  work i s  reaumed 
i n  t h e  sprimg I would l i k e  to  have hizn again* 

Regerding mining a c t i v i t i e s ,  I am forwarding under s epa ra t e  cover  t h e  d a t a  on mining 
o p e r a t i o n s  I was a b l e  t o  v i s i t .  B i l l  Shoddy gave me sorze d a t a  on ope ra t ing  c o s t s  of 
machinery on Por t age  Creek and promised me more when he g e t s  to Fairbanks. Louie 
Smith h a s  p ro~r i sed  complete c o s t  d a t a  when it i s  worked up. I have s e n t  hi!n a  l e t t e r  
t o  remind him of  h i s  promise, 

A s  you had surmised, t h e  outlook f o r  t h e  C i r c l e  D i s t r i c t  does n o t  appenr t o  be t o o  
good. The l a r g e r  o u t f i t s  t h a t  d id  vie11 a r e  t h e  Berry, on Eagle and Mamuoth Creeks, 
P a u l  Menzal on upper Porcupine, Fred Johnston on Harr i son  and t h e  dredges an Coal  and 
'~Voodchopper Creeks. The Deadwood Creek Mining Co. (two p l a n t s )  and t h e  Mastodon Creek 
fdining Co. l o s t  money. Mastodon Creflr i s  s a id  t o  be ~iorked ou t ,  bu t  t h e r e  h a s  bzen -* 

-- 

no prospec t ing  t o  confirm t h i s .  Archie Lai rd  who ope ra t e s  t h e  hiastodon Creek d rag l ine  
p l a n t  h a s  been i n  t h e  Ko~pkdc  loolcing f o r  ground on which t o  p u t  h i s  p lan t .  The 
cont inuahion  of  ope ra t ions  on Deadwood Creek depends p a r t l y  on t h e  r e s u l t s  o f  prospect- 
i n g  t h i s  winter .  The upper workings on Deadwood were y i e l d i n g  b e t t e r  r a t u r n s  a t  t h e  
end of t h e  season and may prove p ro f i t abbe  nex t  yearc The Por t age  Creek o u t f i t  produced 
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about $55,0QO: this season but  apparent ly  have l o s t  money because of  very h i g h  upkeep 
c o s t s  on machinery, caused by extremely d i f f i c u l t  bedrock condi t ions .  I t  i s  l i k e l y  
a n t  cons iderable  f i n e  gold was l o s t  due t o  excess ive  leakage of  o i l  from t h e  dragl ine  
A f i l m  of o i l  was v i s i b l e  a t  a l l  t imes i n  the  dra in .  ----" 

The o u t f i t s  on Independence Cre dr had a poor season due mainly t o  lack  of water ,  
I n  g e n e r a l  t h e  product ion  of t h e  small  hydraul ic  o u t f i t s  was low. The Half Dol la r  
Mining Co, on Half and Bottom Dol la r  Creeks, had a good season under Harold Myers, 
t h e  new manager, producing about  9 15,OQO. 

The f a c t  t h a t  no pronlising new ground has been found makes it appear l i k e l y  t h a t  t h e  
product ion  of t he  C i r c l e  D i s t r i c t  w i l l  cont inue  t o  decl ine.  The F. E. Co. gave up t h e  
ground t h a t  they were d r i l l i n g  on lower Harr i son  Creek, b u t  it i s  poss ib l e  t h a t  Fred 
Jolins.ton w i l l  be a b l e  to work it p r o f i t a b l y ,  Reports  i n d i c a t e  t h a t  t h a t  l a r g e  Low 
grade  p ropos i t i on  on Clwm Fork, mentioned bo u s  by Louie Smith and which con ta ins  
p y r i t i z e d  bedrock, i o n o t  prospec t ing  s u f f i  c i e n t l y  h igh  t o  be workable, There a p p a r e k  
ly i s  very l i t t l e  adclitional. p rospec t ing  being c a r r i e d  on i n  t h e  d i s t r i c t .  

I spen t  severa l  hour8 loolcing ove r  t h e  Nome Creek dredging o p e r a t i o n  and was a b l e  t o  
o b t a i n  f a r i l y  complete data.  The ground rune only  about 30$ p e r  cu. yd,, bu t  condi- 
t i o n s  a r e  favorable  i n  every o t h e r  respec t ,  and t h e  ope ra t ion  should be successfu l  
i f  t h e  va lues  hold u;3. Prospec t ing  wi th  a l i g h t  d r i l l  i n d i c a t e d  vaLues o f  on ly  about 
18$ p e r  cu. yd. The ground i a  too  wet f o r  accu ra t e  prospec t ing  by d r i l l ,  bu t  when 
s u f f i c i e n t  yardage i s  dredged a d r i l l  f a c t o r  may be obta inable .  

I n  looking over t h i s  l e t t e r ,  which turned  o u t  t o  be much longer  t han  expected, I 
see t h a t  i t  could be b e t t e r  arranged.  I h t h e  f u t u r e  1 hope t o  be abLe t o  keep you 
informed o f  our a c t i v i t i e s  i n  smal le r  doses.  The r e s u l t s  of ou r  work on Bedrock 
Creek w i l l  be s en t  i n  shor t ly .  Mr. Wyer, i n  charge at Cleary H i l l ,  i s  much i n t e r -  
euted i n  t h e  p o s s i b i l i t y  of  us ing  magnebmeters  i n  ttie Hot Spr ings  country. I t o l d  
him t h a t  we would he1.p him i n  every p o s s i b l e  way. 

S i a c e r e l y  yaur  s,  

Henry R, ~ o e  sti/ng, 
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Dear D r .  J o e s t i n g :  

Your l e t t e r  r eques t ing  b lue-pr in t  c o ~ i e s  of our magnetograms s t a r t i n g  Auguust 
1 1 t h  was rece ived  t h e  o t h e r  day. 

I have forwarded your r e q u e s t  t o  the o f f i c e  f o r  copies  of t h e  grems, and w i l l  
er' d'l'i no t  be a b l e  to,?orward anp u n t i l  we r e c e i v e  the approval .  Fowever t h e r e  is no 

reason  mhy i t  should hot  be approved aga in  t h i s  year .  I have seen  the  photographer 
who did the work l a s t  year  bu t  found t h a t  he v i l l  be unable t o  undertake the  blue- 
p r i n t i n g  t h i s  pea r .  He has s t a r t e d  a sma l l  pr int-shop i n  connection w i t h  h i s  
photographic work, and a l l  of h i s  time is taken-up. However, t h e r e  are  a couple 
o f  surveyors  i n  town, ~ h o  have been t r y i n g  t o  g e t  a s t a r t ;  and have been doing some 
p r i n t i n g  of sma l l  t r a c i n g s  e t c .  They w i l l  do the work, bu t  a t  a s l i g h t l y  higher  
f i g u r e  than  mas aske-? l a s t  year .  The p r i c e  t h i s  yea r ,  o r  t he  lowest  we have been 
ab le  - t o  o b t a i n ,  i s  20$ each. ?!ill t h i s  be s a t i s f a c t o r y ?  

I have turned  t h e  grams f o r  August over t o  them, and they  w i l l  p r i n t  them a s  
soodaa -3e g e t  a l i t t l e  sunshine.  1J.r. Hagen has implied t h a t  he mould p r e f e r  t o  
forward h i s  b i l l s  f o r  each month of magnetogams. 

1 There has been condiderable  t a l k  of an  observatory i n  t he  i n t e r i o r ;  and wi th  
! the added i n t e r e s t  i n  geophys ica l  work i t  may be such that, they  w i l l  aga in  s e r i o u s  

j ' cons ider  a n  observa tory .  I understand the t h e  instrument shoo i n  t h e  o f f i c e  is  
I working on a sma l l  p o r t a b l e  magnetocraph f o r  i n s t a l l a t i o n  a t  var ious  p l aces  f o r  
" a continuous r eco rd  of t he  t h r e e  components. I n  another  year  o r  s o  t h i s  o u t f i t  

1 j may have been pe r f ec t ed  t o  t h e  p o i n t  where it could be succes3fully used i n  the  
1 , f i e l d  i n  p l ace  of a base s t a t i o n  a s  ia  the p r a c t i c e  a t  p re sen t .  

I c e r t a i n l y  envy Rramhall h i s  f i e l d  work thifs p a s t  s m e r .  It is  a -long jump 
from the  o l d  methods of gas  boa t s ,  t o . h i s  present  speedy t r a v e l  by a i r p l a n e .  From 
what mager r e p o r t s  we hzve had of the  p rog res s ,  it seems t o  have been a very 
i n t e r e s t  i n  t r i p .  

Best wishes f o r  success  w i t h  your present  program; it sounds ve ry  i n t e r e s t i n g .  



/ 
/ .' 

Experimental. lflagnetometer Survey o f  Bedrock Creak, Fairbanks D i s t r i c t ,  ALaslca. 
sz+%,-.>u -2ui- . -4S"rF)rrwOrev- 

The magnetometer surTrey d e s c r i  ted h e r e i n  was made a s  p a r t  o f  trLe experimental 
geophysical  prograrn o f  "ce T e r r i t o r i a l  Department of I,iines. The da t a  obtained a r e  
t h e  p rope r ty  of  t h e  Department of  1,linee and may be publ ished only  i n  t h e  r e p o r t  
on geophysical  i n v e s t i g a t i o n s  c ~ r i e d  o u t  by t h e  Department o f  Mines during t n e  
l a t t e r  p a r t  of 1939, 

Deecr ip t ion  of  Survey. 

12 l i n e s  were l a i d  o u t ,  approximately 200 f e e t  n p m t  and c r o s s i n g  t h e  v a l l e y  o f  
Bedrock Creek a t  r i g h t  angles .  A Brunton cornpaas and 10Q f o o t  t a p e  were used, 
S t a t i o n s  t o  be occupied by t h e  rnagne'come$er were l a i d  o f f  on eech l i n e  a t  50 f o o t  
i n t e r v a l s .  P r o f i l e a  of  t h e  l i n e s  were run with hand l e v e l  and rod. Each 100 f o o t  
s t a t i o n  i s  marlred by a blazed s t a k e  on which t h e  numbera o f  t h e  l i n e  and of t h e  
s t a t i o n  appear, S , t a t i ons  between t h e  100 f o o t  a t a t i o n s  a r e  h o t  marked, Line 2, t h e  
f i r s t  l i n e , i . a  l oca t ed  near  t h e  mouli? o f  Bedrock Creek, about  100 f e e t  above t h e  
. t a i l i n g e  pond o f  t h e  Cleary K i l l  Minea m i l l ,  L ine  11, t h e  l a s t  line,, i e  about 500 
:Feet above t h e  V/ackwitz m i l l .  141 magnetometer s t a t i o n s  on t h e  10 c r o s s  l i n e s  were 
oacupied. 

The magnetometer used i s  of t h e  t y p e  known as  a v e r t i c a l  f i e l d  balance,, o r  v e r t i c a l  
uar iometer ,  and i s  designed t o  measure v a r i a t i o n s  i n  t h e  v e r t i c a l  component o f  t h e  
earthl;s magnetic f i o l d .  I t s  s e n s i t i v i t y  i s  24 gammas pe r  nca le  d iv is ion ,  o r  2.4 
gammas per  0 ,  ; s c a l e  d iv i s ion ,  

P re l imina ry  I n v e s t i g a t i o n s .  

The p r o f i l e s  of  t h e  creek i n d i c a t e  t h e  assymetr ic  shape o f  t h e  v a l w ,  witn t h e  
s t ream FLowing ~ g a i n a t  the  s t e e p e r  l e f t  L imi t  h i l l s i d e .  The probable Location o f  - 
p l a c e r  depos i t s  i a  on  t h e  r i g h t  s i d e  of  t h e  creek,  i n  t h e  Lower v a l l e y  and on 
remnants of  h ighe r  r i g h t  Limit benches, Any remaining h igh ;  benchea ev iden t ly  a r e  
mall, discont inuous and with a bedrock f l o o r  s loping toward t h e  creek n e a r l y  a s  
n teeply  a& t h e  p r e s e n t  sur face .  

I t  was apparent  from t h e  l a r g e  amount o f  i r o n  on t h e  r i ,ht  l i m i t  h i l L s i d e  i n  t h e  
form o f  machinery, waterpipea, junkpi lea ,  e tc , ,  t h a t  magnetic r e s u l t s  i n d i c a t i v e  
o f  subsurface c o n d i t i o  ns could n o t  be obtained.  The smal l  amount o f  d i r e c t  c u r r e n t  
c,arrSed by t h e  phono l i n e  on t h e  r i g h t  l i m i t  h i l l a i d e  a l s o  would a i d  i n  g iv ing  
f a l s e  r e s u l t s  i n  i t s  immediate v i c i n i t y .  

Because t h e  s u r f a c e  o f  .the ground wan f rozen  and snow covere9  it wfis n o t  p r a c t i c a b l e  
t o  pan t h e  small  c u t s  and proopect  dumps found on t h e  creek, and thus  no e s t i a a t e  
of t h e  r a t i o  o f  p l a c e r  gold t o  magnetie conten t  o f  t h e  g r a v e l  couLd be made. Samples 
of  t h e  sur face  g rave l  o f  t h e  p r e s e n t  creek bed and of t h e  bedrock su r f ace  of t h e  
'ilackwitz p l a c e r  c u t  co natained a moderately l a r g e  amount of magnet i te .  From t h i s  it jt 
i s  i n f e r r e d  t h a t  any p l a c e r  concen t r a t ions  should cause r e l a t i v e z y  la rge ,  p o s i t i v e  
magnetic anorpalies, o r  "magnetic h ighsN,  e s p e c i a l l y  a s  t h e  overburden i s  shallow, 

I n t e r p r e t a t i o n  o f  V e r t i c a l  hlagnetic Anomalies l 

V e r t i c a l  magnetic anomalies a r e  v a r i a t i o n s  from t h e  normal v a l u e  o f  t h e  v e r t i c a l  
component o f  t h e  e a t h ' s  magnetic f i e l d  intensity. They may be caused by e i t h e r  
~ lha l low o r  deep sea t ed  v a r i a t i o n s  i n  t h e  compofiition of t h e  e a r t h '  8 c r u s t a l  mater- 
i a l .  The p o e i t i v e  anomalies o f t e n  a s soc i a t ed  wi th  p l a c e r  d e p o s i t s  are local. i n  
e x t e n t  and q u i t e  irregul.etr, compared vdth those  due t o  deep sea ted  causes.  Thua 
anornulies on t h e  s u r f a c e  of bedrock, due t o  p l a c e r  depos i t s ,  may be d i s t i ngu iehed  l - 7  

from those  caused by changes i n  t h e  bedrock by t ak ing  i n t o  consideratio*he geolag- 



i c  s t r u c t u r e  of  t h e  r eg ion  and by running magnetic t r a v e r s e s  ove r  t h e  bedrock where 
no p l a c e r  depoai t s  occur ,  

The anomalies foundC a r e  shown on t h e  accompanying map of  Bedrock Creek. They a r e  
s u b j e c t  t o  small  co r r e c t i o n e  when t h e  d a i l y  ma$nebgrms  g iv ing  diuranl, v a r i a t i o n  art 
rece ived  from t h e  S i t k a  Magnetic Observatory. The magnetic h ighs  a r e  slnalLer t han  
an t i c ipa t ed ,  cons ider ing  t h e  r e l a t i v e l y  l a r g e  amont o f  magnet i te  i n  t h e  s u r f a c e  
g rave l .  This  i s  i n t e r p r e t e d  t o  mean t h a t  t h e r e  h a s  been r e l a t i v e l y  l i t t l e  s o r t i n g  
d d  concent ra t ion  o f  heavy minera ls  and gold, such aB occurred i n  t r u e  "paystreak" 
creeko. The i r r a g u k a r  na tu re  o f  t h e  anomalies and t h e i r  Inck  o f  con t inu i ty  from 
one c r o s s  nine t o  VIe nex t  i n d i c a t e s  t h a t  t h e  ground i s  spot ted,  and a  cont inuous 
run of  gold i s  n o t  l i k e l y  to  be found. ITo a t tempt  h a s  been made t o  i n t e r p r e t  t h e  
anomalies founC h igh  on  t h e  r i g h t  l i m i t  benches, as too, few t rus twor thy  readings  
could be obtained, due tb t h e  p r e v i o u s u  mentioned i n t e r f e r i n g  causes,  However, t h e  
h igha  Sound a t  s t a t i o n  6, l i n e  10, and a t  s t a t i o n  6, l i n e  11, may be worthy of  
invest iga. t ion,  a s  t hey  c ros s  t h e  s t r u c t u r a l  t r end  of' t h e  country rock. 

The p l a c e r  gold i n  the creek probably h a s  been t ranspor ted  a r e l a t i v e l y  s h o r t  d i s -  
t ance  from i t s  sources* consequently t h e  gold-magnetite r a t i o  cannot be expecbdd t o  
hold as c o n s i s t e n t l y  as 3.n creeks  where t h e r e  h ~ s  been mo re s o r t i n g  and concentra- 
t i o n  o f  heavy mine ra l s  and gold,  The magnet is  h ighs  i n d i c a t e  t h e  l o c a t i o n s  o f  t h e  
g r e a t e s t  concen t r a t ions  of  magnetite,  but  t h e  l u r g e e t  h igh  may n o t  i n d i c a t e  a g r e ~ t e r  
concen t r a t ion  o f  go ld  than  a  smal le r  h igh  i n  some o t h e r  p a r t  o f  t h e  creek. Lacking 
d a t a  from prospec t  h o l e s  and cu t s ,  i t  i f l  no t  poo s i b l e  t o  eva lua t e  t h e  ground o r  
t o  s t a t e  which of' the a r e a s  conta in  t h e  moot gold .  'the h ighs  i n  t h i s  case  merely in- 
d i c a t e  t h e  b e s t  p l a c e s  t o  prospect ,  and any indj.vidua1 high should i n d i c a t e  t h e  
Location o f  tlie r i c h e a t  ground i n  t h a t  area.  

The l o c a t i o n s  t h a t  a r e  considered most f avo rab le  a r e  i n d i c a t e d  on t h e  map a s  Iz 11, 
II1,and I V .  1 i s  considered t h e  most desirtbnble Location, and I V  t h e  l e a a t  dee i rab le .  
V and V I  are  a l s o  marked but t izeir  i n t e r p r e t a t i o n  i s  doubtful .  I t  i s  p o a s i b l e  thaL 
b e t t e r  p rospec t s  ]nay Se  found between t h e  c r o s s  l i n e s  where. no magnetic mbservations 
were made. 

Conclusions and Recommendations 

If p l a c e r  gold i s  found i n  paying q u a n t i t i e s  i n  Bedrock Creek it probably will be 
i r r e g u l a r l y  d j - s t r ibu ted ,  o r  spot ted ,  I t  i s  doub t fu l  i8 a l a r g e  product ion can be 
expected. The c o n d i t i o n s  f o r  ob ta in ing  r e l i a b l e  r e s u l t s  by means o f  a  magnotic 
survey a r e  l e g s  f avo rab le  tholt on c reeks  with a more cont inuous run of gold, bu t  t h e  
p r e s e n t  survey & o d d  i n d i c a t e  t h e  f avo rab le  p l a c e s  t o  prospec t ,  and e l i m i n a t e  t h e  
unfavorable  pllaces, I t  i s  t h e r e f o r e  concluded t h a t  it would be v r o r t h h i l e  t o  check 
t h e  magnetic survey by means of  p rospec t  s h a f t s  o r  d r i l l h o l e s ,  I n  t h e  event  t h a t  
euch prospec t ing  is done it would be d e s i r a b l e  f o r  t h e  uake o f  extending i n t e r p r a -  
taLiotls t o  do a amall amount o f  a d d i t i o n a l  magnotic work. 

Henry R . Joes t ing ,  
Assoc. Mining Engineer ,  
T e r r i t o r i a l  Department of  Mines, 



T E R R I T O R Y  O F  ALASKA 

DEPARTMENT UF MINES 

M r .  R. IL \VYyert 

Cleary H i l l  Minea, Enc,, 
Fairbanks, Alaslra. 

Dear bfr, Wyor: 

Encmosed i s  a b r i e f  r e p o r t  o f  t h e  experimental magnetometric survey of Bedrock 
Creek, Mr. JdcT\Tair has  received t h e  map accompanying t h e  r e p o r t  and i s  copying i t  
f o r  your use, 

I be l i eve  i t  b e s t  t o  cons ider  t h e  r e s u l t s  sf t h i s  work as c o n f i d e n t i a l  f o r  t h e  
present .  They eventua l ly  w i l l  be publ i sh td ,  toge ther  wi th  t h e  r e s u l t s  o f  t h e  
o t h e r  geophysical  work done t h i s  summer, i n  a pub l i ca t ion  of Vi?e Department of 
Mines, 

The Department of Mines w i l l  be  g r a t e f u l  f o r  any subsequent in format ion  you can 
fu rn i ah  r e l a t i v e  to t h e  c o r r e c t n e ~ l s  o f  t h e  i n t e r p r e t a t i o n s  o f  t h e  magnetic sur- 
vey. If Bedroclc Creelc i s  prospected I would l i k e  t o  be on hand p a r t  o f  t h e  time. 
One o r  two h o l e s  with r e l i a b l e  d a t a  would enable me t o  r e v i s e  and exbend t h e  
i n t e r p r e t a t i o n s ,  and would i n c r e a s e  t h e  va lue  o f  t h e  survey, 

The fol lowing breakdown of tile t ime requi red  t o  complete t h e  work on Bedroclc 
Creek may i n t e r e s t  you. 

Brushing and surveying 10 l i n e s ,  running pro ii-iles 2 1/2 days 
Occupying 141 magnetometer e t a t i o n s  4 3/4 'I 

O f f i c e  work ( calculai t ions,  maps, i n t e r p r e t a t i o n s )  2 112 'I 

T 'o td  t i n e  (approxiziately)  f o r  two men 10 days 

Total. number of s epa ra t e  magnetometer s t a t i o n s  occupied 141 
Av, no, s t a t i o n s  per  day s f  a c t u a l  o b a e r v b g  t ime 30 
Av. no. s t a t i o n s  per  day o f  t o t a l  e lapsed t ime 14 

The above does 110% inc lude  n i g h t  work. We have spent an average of  two hours 
each n i g h t  on ca l cu la t ions .  

The ope ra t ing  speed wil l .  i n c r e a s e  somewhat i n  warmer weather and where ground 
cond i t i ons  a r e  b e t t e r .  Considerable  t ime was a l so  l o s t  dur ing  t h i s  survey be- 
cause of  t h e  unusual ly  e r r a t i c  na tu re  of  the  e a r t h '  s  magnetic f i e l d ,  n e c e s s i t a t i n g  
a  l a r g e r  nwnber o f  checks back to t h e  base s t a t i on .  Because of t he  heavy cover 
o f  p a r t l y  f rozen  moss on Bedroclc Creek, an average t ime of two minutes  longer  was 
talcen t o  occupy each s t a t i o n ,  a s  compared t o  o t h e r  ground where more normal con- 
d i t i o n s  p r e v a i l .  Yihere a buL ldozer  i s  ava i l ab l e ,  time and money may be saved by 
s t r i p p i n g  t h e  brush and moss along t n e  survey l i n e s *  Th i s  e l imina te s  brushing 
and enables  t h e  survey t o  be  made more quick ly  and accura.tely. 

Yi th  two i n s t m e n t s  ( one f o r  measuring d iu rna l  v a r i a t i o n ) ,  from 40 t g  45 s ta -  
t i o n , ~  per  d q  of 2ctuaL running t ime could be obtained under s i m i l a r  condi t ions .  
O n  a  l a r g e r  s c a l e  survey under average condi t ions  t h i s  f i g u r e  could be increased  
s l i g h t l y .  The t ime t o  o b t a i n  a  s e t  of r e ~ d i n g s  degends p a r t l y  on the  s i z e  of the 
nagn.etic ano::.elies encounteredp a s  we l l  a s  on ground cond i t i ons  and t h e  d.istance 
between s t s t i o n s .  Under o p t i n u r ~  cond i t i ons  I have obtained over  50 s t a t i o n s  per  
day ' ; ~ i t h  a  s i n g l e  i n s t r u ~ ~ e n t  and about 80. with tvro i n s t r u n e n t s .  



The spacing of  s t a t i o n s  depends on condit ions.  On Bedroclc Creek, because of  'che 
app e r e n t  spot ted  na tu re  of t h e  ground and t h e  probabiLity t h a t  any pay occurs  i n  
a  narrow zone, t h e  s t a t i o n s  were spaced c l o s e l y .  (50 f e e t )  Addit ional  d e t a i l  
between t h e  l i n e s  vrould be d e s i r a b l e  f o r  a. more coraplete p i c t u r e ,  bu t  probably i s  
n o t  advisab1.e under t h e  c i r c m u t a n c e s .  I n  n reg ion  where t h e  pay zone i s  wider and 
more continuous, s t a t i o n s  spaced a t  100 t p  200 f e e t  and 500 t o  1000 f e e t  between 
l i n e s  vrould be s u i t a b l e  f o r  t h e  pre l iminary  suruey. Af te r  t h e  probabLe pay zone i s  
t e n t a t i v e  Ly ou t l i ned ,  it should be d e t a i l e d  by rnag!~etometer s t a t i o n a  spaced about 
lUC f e e t  a p a r t  i n  t h e  Sornl of  a  g r i d .  A t  about t h i s  s tage  i n  t h e  survey d r i l l i n g  
o r  p i t t i r g  should be s t a r t e d  a t  p l a c e s  i nd ica t ed  by t h e  t h e  magnetic survey , for  
t h e  purpo se of  checking and ca l ibra tkr ig  t h e  magnetic r e a d i r e s .  

The c o s t  per  s t a t i o n  on a moderately l a r g e  s c a l e  m~%gnetometer survey i n  Alaska will 
run  from Fb 1 ,.00 t o  5 1.50, i f  t h e  work i s  w e l l  planned and oxecuted. Th i s  i nc ludes  
a1 1 c o s t s  except ing t i e  i n i t i a l  c o u t  o.,nd maintenence of  t h e  ins t ruments ,  i-iIaintenance 
c o s t  w i l l  depend on t h e  care wit11 which 'he  instruments  a r e  handled and t h e  exper- 
i e n c e  of' the? p a r t y  c h i e r .  Costs  i n  Alaska w i l l  be considerably h ighe r  t lan i n  t h e  
S t a t e s  o r  i n  the t r o p i c s .  

I f e e l  it necessary to adviae you t h a t  cons iderable  experience i s  requi red  i n  o rde r  
,to o b t a i n  reasonably c o r r e c t  readings  without  t oo  g r e a t  a  l o s s  o f  time,. Even more 
experience ia necessary  to c o r r e c t l y  i n t e r p r e t  the, readings i n  t h e  l i g h t  of  what 
geologic  d a t a  i s  ava i l ab l e .  

Xn t h e  event  t h a t  you p h n  t o  u s e  magnetometers f o r  p l a c e r  prospec t ing ,  I w i l L  be ;r. 
gl zd t o  help you i n  any way pos sib]-e i n  my cap oc i ty  08 A s ~ o c i a t e  Engineer f o r  t h e  
Department o f  Mines, 

Vely t r u l y  youra, 

Henry R. J o c s t i n g  
Asmc.  Mining Engineer. 
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3iIagaotic m d  d i r e c t  c u r r a n t  resistivity methods vere  used because they 

a r e  r e l a t i v e l y  siiaple, r a p i d  and inexpensive and because t h y  a r e  gene ra l ly  rrell. 

s u i t e d  t o  t h e  s"cy  of thu  problems indicatrjd. The instrwnents  used rrere EL 

v e r % i c a l  Schmidt-type ~mgne tone te r  and a d i r e c t  c~u- ren t  3.e si s t i v i t y  instrunen% 

si- l i lar  t o  those used by t h e  beophysicsl  Branch of tha  U. S. Geological S~wvey. ( 5 )  

For placer  surveys with %ha mgne tone te r ,  a  s e n s i t i v i t y  of about  25  

gammas per s c a l e  d i v i s i o n  ~ r a s  found su i t ab le .  For r e s i s t i v i t y  s tud ies  of f rozen 

and tharved overburden and of undwr ground rrater , "che Lee PC--t;itioning riethod ( 6 )  

ms sound t o  be most gene ra l ly  su i t ab le .  I n  t h e  Lee 1:Iothod a  c u n t r n l  p o t e n t i a l  

e lec-kode  i s  p l a c ~ c i  nid7:i'ay b e b e e n  the  trro p o t a n t i a l  e l ec t rodes  oS t h o  Y e m r  

fom-e lec t rode  configurat ion.  (7) 

Non-pola*izable e l ec t rodes  sror e ~ a d a  from unglazed porce la in  p o t s  about 

1Ocin. h igh  and 5 om. i n  dimneter. I n  order  t o  r e t a r d  evaporat ion of t h e  e l e c t r o l y t ~  

t h e  s i d e s  of t h e  p o t s  werd glazed, i n s i d e  and out,  with c l e a r  Duco lacquer, FOP 

co ld  weather r e  s i s t iv i - ty  vrorlc, a non-freezing e l  e c t r o l y t e  cons i s t ing  of equal parks 

of ethylane g lyco l  and n sa tu ra t ed  vraJ~er s o l u t i o n  of copper s u l f a t e  ?roved s a t i s -  

fat-tory. Three-quar-Ger inch s t s i n l e s s  s t e e l  rods  mads exce l l en t  c u r r e n t  e l ec t rodes  

because t h e i r  b r i g h t  f i n i s h  anrivled good grouz~.d c o l ~ t a c t s  t o  be  mda. 

Pbst oS t h e  f i e l d  work was done during the sunnier and a u t m ,  although 

some t7inter f i e l d  vilork Tias done i n  order  t o  t r y  o u t  va r ious  methods under cold 

riea-ther condi t ions ;  i n  addi t ion ,  some a m p y  a r e a s  vrere more e a s i l y  worked during 

t'ne  tinker. F i e l d  methods were i n  genera l  s i m i l a r  t o  those  used i n  o the r  rogions. 

;'linter work:, a].-t;llough slower because of' low temperatures and shor t  d a y l i g h t  periods,  

vrns found t o  be e n t i r e l y  p rac t i cab le .  

[.lining and prospect ing inf'omfiati on n a s  obtained vihen avai lable ,  f o r  

purposes of chocking geophysical i n t w p r e t a t i o n s .  A s  a r u l e ,  i n t e r p r e t a t i o n s  

rrei-e made ent* e ly independently of yne se data. I,~LIC~I of t h e  i n t ' o m t i o n  -Vas given 

i n  conf'idenca; hence i n  sorne cases  it 1:ras necessary b or6.k comf'irrm~ory o r  

con t rad ic to ry  d a t a  from t h e  graphs slioving tht: r e s u l t s  of geophysical ~ncasurenents.  









Pig. 1 , P r o f i l e  a c r o s s  narrow bench p a y s t r e a k  on 
Daadmood Creek, Circle  District, \ 

Fig. 2. -- F r o f i l e  a t  Line 16, P o r t a g e  Creek, Circle D i s t r i c t .  



Figo  3 ,  , P r o f i l e  at Line 12, Buster Creek, Ibko D i s t r i c t .  





E'ig. 4.,,Frofile at Line 31, Livengood Creek, Livengood D i a t r i c L ,  



Ver tical A nornaly, - Gammas - Ver?tcai Anomaly, - &m 
3 8 o 3 0 0 0 8 - 1 



Fig. 6 . , P r o f i l e  a c r o s s  IJooee Creek, F a i r b a n k s  District, showing 
vertical anomaly caused by a thick gravel  d e p o s i t .  D r i l L  h o l e s  200 feet apart. 
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Apparent ~esik ~~vity Ohm- cms. 

Fig. 12. - Depth prof i l e s  permanently frozen overburden; 
Tanana Val Ley, near College. 
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Fig.  13. . Depth p r o f i l e s i n  par t ly  frozen E-da..and7,.grravg.$.; 
Tanana Valley, sas% Uf' Fairbanks. 



Fig. 14, ,, Dopth p r o f i l e  i n  permanently frozen ground on 
Idamm.th Creek, Circle Die.tric, tr  





Fkg, 15. D e p t h  p rof i l es in  permanently frozen ground on 
Livengood Creek, Livengood D i s t r i c t ,  



Fig. 16, D e p t h  p r o f i l e s  i n  thawed overburden and schist 
bedrock:; near ~ o i d s t r e m  Creek, Fai rbanks  D i s t r i c t ,  



A~~ aren f ~ e s l s  tivity Ohm- cn7s. 
40,OO 0 80,000 120,000 160,000 200,000 

Fig.17. - Depth p r o f i l e a  in pa r t l y  frozen overburden; 
Ester Creek, Fairbanks Distr ic t .  





Apparent ~ e s ; s  f iv ; ty  Ohm- cms, 
40,000 80,aoo /20,000 160.000 200,000 

Fig. 18. - Depth p r o f i l e a  in partLy frozen overburden; 
Tanana Valley, near Fairbanks. 





Fig. 19. , D e p t h  p r o f i l e s  i n  thawed a i L t  and wate r -bear ing  
gravel;  near E s t e r  Creek, Fairbanks D i s t r i c t .  



APP aren f ~ e s k  17'~ify Ohm- ems. 

Fig. 20. -- Dep th  p r o f i l e s  in shallom, water-bearing gravel; 
Tanana Val ley, near CoL Lege, 
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bo l f ' a r  a s  i13s b e e r  date;.ni:.cd, tile c o n c e n t r a t i o n  o f  ;~ :gne t i t e  i n  p l e c e r s  
I 

r e su l t s  i n  p o s i t i v e  v e ~ t i c a l  a n o m a l i e s .  The i'or~n of' tile anomaly a ) p e a r c  t o  

b e  deter'-:ined by t h e  xroui i t  m d  d i s t r i b u J ~ i o n  of' t h e  i?i:..gneJ;ite J ~ i i r o ~ g l i  t h e  

g r a v e l ,  and by  the  d e p t h  of  t h e  d e p o s i t .  Gold,  vrilen ? r e s e n t  i n  t h e  parent-  

roc!:e, w i l l  c o : ~ c e . : t r a t e  v r i t ; l  t i l e  g a g n e t i t e ;  Wluu p l a c e r  g o l d  may be 

i n d i r e c t l y  l o c a t e c  by t i l e  u e a s ~ u r e i l e n t  o f  m o m e l i e s .  F;ov~ever,, beczuse  o f  

. . v a r i a t i o n s  i.n t h e  2ropor-t ; ions o f  ~ n a g n e t i t e  a,rd g o l d ,  t i l ey  nay n o s  l n d i c n t e  

the l o c a t i o n  of  -Lie r i c h e s %  ground,.  and a c t u a l  g o l d  v a l u e s  can  be de ' ce ra ined  

o n l y  by d i r e c t  p r o s 2 e c t i n g .  C o r r e l a t i o n  o f  a n o n a l i e s  w i t h  p r o s p e c t i n g  d a t a  

w i l l  i n  many c a s e s  ? e r r i t  a ~ ? r o x i n a t e  e v ~ . l u a t i o n s  t o  be  made i n  e d j a c e n t  

u n p r o  spec tec!  a r e a s .  



a ,  Size of vertiaal magnetio anomalies. 
p 1 n c e . r r 3  o- f  

Verti o s l  anomalies assooiated wil;h, i n t e r i o r  ~lask~tq&swsy 
Ie 5s  

have been found to vary fromA- Gen g m a s  t o  eeveral hundred 

0.4 platinum plcaers should in general show Larger anomalies than 

The size of placer aaomnliee depends on several PaaLors h v  
a-f.her jhan  -thew 
a4dUxbaJM the amount of mngnetite; amng u&k& are the depth of 

t"+ 
the  derpoalt,,thiokness of gravel, and the distribution of magnetite 

TLru 5 I 

through the gravel. cl8nomiies associated with ahallow plaaers are 

generally larger and more emst i o  then those associate4(~with pZaoezis 
2 

a ud 
oovered by deup overbrndsn; ,AtRiuk  gravel deposit viith no marked 

concentration of magnetite or gold may show anomolius aimilar in appeovaUce- 
+ose causpd b y e  ;", w h l i h  

an4  mgnituds to, a dseg3.y buried del~osit), w k e m  the aonoentration of 

magnetite i a  largely on bedrook. This  3a ILlustratod by n oom- 

p!~rison of:.Pig. 3, shbwing vertiffal nnonalies due to a thick grave2 

deposit in which t h e r ~  has b a a  l i t t l e  auncentration, with Big, 3, 

where conaentration has reeats8 in u def in i te  paystreak. 

L 

'he minimum m e a a u 9 b l e  an0~m1-y depends on the aensitlvity 

of thc magnetometer and the nocuruoy of meaeurements and comections.  

Hagnebiu survoys have been mr~de i n  which the innximum srmr does not  
r I ; ~ e S t - I ' S Q + ; h  

exneed two gammas. f'llfth thcl aquipcut available for t h i s  +w& the 

raazllmwn e r ror  is not aver ten g m a e  and under favorable conditions 

I s  less than six gsilunng, 

' h e  minimum a r x o d y  tha t  can be interyretod depends not only 

on the aauuraoy of  measurumentn, but on the asaociatfon of magnetite 
ov.,-,abi/,./y a$' defs w;// eustrle fke ;cues ft''s4~r $0 

and g01.d a i d  on tho,- correOt foransrnalias not aaused by 



Fig .  5. - Trave r se  2 r o f i l e  of' IIoose Creek, Fair , ,enks  L l i s t r i c t ,  si1o~ri.n~ 
verti.ca.1 ano!!~clies c w s e d  by a t h i c k  d e p o s i t  of  poor ly  s o r t e d  g r a v e l .  3 r i l l  
h o l e s  s2ece.d 2C0 f e e t  a ia r t .  



the pleca r ,  such as those due t o  challgea in bedroak and overburden* 

: Where a fu1rLy constant magnetite-gbld ratio# Solde, a t  least lat- 

erally In the decosit ,  and where, bedrook 18 mgrtetically uniform, 

o r  where corrections can be mds for anomalies, a reletively small 

plaaer anomaly m y  be ident i f i ed .  As a general rule  the minimum 
m u d  be 

interpretnble snomslyA4Z+ at  least several times the maximum error 

in any measurement, because of variation in the  magalatite-gold 

ra t io% and errors in oorrecrtlng for bedrook snomdies. 3m21 anom- 

alifsr~ notlessitate more rrareful and detai led  measurements and more 

cbsokf= by iriema of shafts O X  d r i l l  holes, 

Th@ aaxlmwn depth at ~ h f c h  p l n o e r ~  m a y  be detected by mRg- 

net io  methoda dspanda mainly on the mount of mgneflte present 

in the %ravel. The rnaximura depth enaounCerecl in %hi8 w r k  wae 

slightly over 100 feet, on Li.vengood Creak. !Die anomtidies here ars 

rela%ively large and thie plqoer could doubtleas Be detected at 

nucth greater depther. On the pther han8, unaer unf'avorable conditions , 
tho mxlmm depth a t  whioh placers may be outlined probably i a  not 

over 20 feet, Tho diffioulties of measuring and correctly inter- . f t k e  d e p o 5 ; f s ,  

preting aflomliaa are proportional t o  the dept4,other faatora being 

equal. 

Zlhare is no doubt that the anomaliels aesoaiated with some 

plaoers are too small t o  be n~eusured, or arc obhuaursd by other 
9 u - f  

I anomalies. Etiis equally certain t h a t  in most cases measurnble 

anomalies exist, Thair correct interpretation depends laraely on 
g e o p k S ' s  (Lo / 

the ability and experienoe of the  pmspector. 



d ,  Redrook and other anomalies not aasocdated with piamre.  

Changes i n  oompooition o f  bedrock 6 a ~ c c a r n Q u n i e d  
,.,,crg,3~Ge. 

b y n a n o d i e s .  In some areas the bedrook anomalies are l a rge  e n o w  

to maerk tfioae due to plaoer  concentralions, and uom'eotions must 

be made for then. Bedrook anomalies rmy be detemined i n  areacll 

surre&ing the sugpoaed plnoer ,  ae on h i l l a i d e s  and ridges uhere 

gravel depos i t8  are unlik& to e x i s t .  If they are small aorapared 

t o  the plaaer anowliuo they m y  b e  disregarded; if large, they 
I 

muat be uorruLated with the arealhnd struatnral geology of the 
, / R ~ r o ~ u e r ,  srme 

region and projeoked aaroas the plnaur. ,&outit should be taken of 

the diiferenoes i n  depths of overburden in tho area containing the 

plsaer  and in the adjacenL areas, ae the e f f ec t  of bedrock w i l l  

decrease with incrennod depth, In addit ion,  it has been found t h a t  

the bedrook under many plaosrs is lnorle deeply deaomposed than on 

the h i l l s i d e s  and ridgsa,  aud the decsmposad bedrock appnrently 

oontains less magnetite than th@ aorrespondir~g fresh bedrook,* 
because of 

% al terat ion  of the magnetite t o  limonite, While t h i s  aerves $6 

make budrook anomaliefl under plaoera smaller nnd less abrupt, it 

alrjo deareases the aaauraay of oorreotiona. Beaausa of the many 

unknown fao2cra and beoauae it $ ~ ~ ~ ~ s e i b l ~  to$couratela 

se a r e  
pro jeat bsdmok anomalie& m y  disiianoe, the, correotions wem 

usually only approxfnationa. 

Sedimentary rocks or metnmorphaaed eediemtns have been found 

t o  be magnetlcolby more uniform along the s t r ike  than aumss tho 

strike,  oonsequently, oorreotion~ f o r  bedrodk anomalies nay be 

sel.dorn unnecessary for plriaers whfoh l i o  aaraas tho strike of the 

bedrook. 'I'hese uorrectlone my be di8ficult to apply when the 
put 

plnaer paral lel8 the strike of the  bedro~k,,~t i s  seldom that t h i s  

paro l l s l i sm holds for  m y  c nsiderable distanae.  



A number el mttgnetornet~ travuxsen were run in order t o  

determine the effect o f  bedrock features such as veins, f a u l t s ,  

and in t rus ions .  They are disoussed in tha  ~ ~ c t f o n  on buried bed- 
L U I I I C ~  1'5 i k e  b u ~ f r ~  

rack  festuros. Bedding changes i n  the schiof&nazd- i n  nost of 

the Fairbanks ~i strict , 6 s u n l l w c o r n p a n i e d  by small vert ical  
h' 

anomalies, pig. 6 shows the vertical aomal les  encountered over 

mica-schist coverod by a t h i n  Layer a i  s i l t  and slide, The @enera1 

psrsllebisn of tho isogonic lines and $he s t r i k e  of t h e  schist  is 

evident,. Fig. 7 show8 a ty3iaal  traverea pr~file run 13 BOQ 3 

across the South Tork of the  !lesn River. For the  L a t t e r  survey, 

vertical  intensity correctionrn rracessitn1;ed t ~ y  latitude a d  Longi- 

tude changes were taken From "Alaska Uagnetio Tables a i d  Chnrta 

f o r  1980" .l The anomalien assoointed with ;the oountry rock, 
- - - - - -- - 

Serial t ?lo. 570, U, S. Goaat and Esodstio Survey. - 
- -- 

which is Livengood Chort, are ~mall, Tho gravel anomalies, while 

slightly larger, -ma11 and are i n  a(5reernent with available 

pmapecting data. 6." ",, S-U 9ucwf ,%&s i 5  3 ~ 1 2  6 b e  5.. f/ert?d fhvou3L +he 

. g^rave( n e a r  +he P I ~ C S P M S  5freaw V I ~ U M M O I ,  
< . ,  - As fen us ha8 bosa determined, sadimerltarg rocke and rneta- 

morphoned sediments are fairly uniform mgnefically, although aon- 

~iclerable variation my bo anticipated iu some mst;morphic rocks, 

- --- -- -- - .-.& - . . .. 

sions of the granitic t ypo  m y  be aocom~anlod by miall t o  moderate 

anamallas, while basic intrusions usually cause Iarg,er anomalies 

due t o  t h e e  larger aontent  of rnngnetlc ruinerala,  

OrdlnaxiLy, rocks with  large magnetita oontent, and hence 

high mrqnetic suscspt ibi l : l ty ,  1d.11 give rirre t o  pcssitive vertiaal 

anomalies. Oocasionally, however, l a r g ~  negative anomalies arts 

found apparent ly  assocrinted with rooks  of high suaaept ib i l iby .  



Fig, 6. 





12 nega t ive  anomaly amounting t o  s e v e r a l  hundred gammas was found 

on Deadwood Creek, i n  t h e  C i r c l e  D i s t r i c t .  Because of i n s u f f i c i e n t  

a 
time t o  d e t e r n i n e  i t s  w e a l  ex t en t  and,lac!: of nearby rock out-  

crops it w a s  no t  c o r r e l a t e d  wi th  t h e  l o c a l  geology. Xegative 

' anonlalies rnay be a s soc i a t ed  w i t h  r ocks  l e s s  :nagnetic t h a n j t h e j  

surrounding rocks ,  o r  viith rocks whose p o l a r i t y  i s  oppossd t o  t h a t  

t h e  normal. e a r t h  f i e l d .  
/.& ,".- A..,. ,h-- 

Large o r  c o n s i s t e n t  bedrock anonalies(ordinaril>,areirecag- -..- 

n i z a b l e  and appro:simate c o r r e c t i o n s  can be made f o r  t hen ,  but pre-  

l imina ry  experience i n  c o r r e l a t i n g  anona l i e s  w i t h  kaown p l a c e r s  

and bedrock changes i s  necessary  ib any nev~iregion.  The only r u l e  
\ 

f o r  d i s t inguish in , i ;  p l a c e r  from bedrock anomalies i s  t h a t  sha l low 
- 

//--'--''-- p l a c e r  m o r r a l i e y  of ten! are, . ;-erratic,  while  /bedrock anornal iesf isual ly  ( 
\.-., '. . 

[are -__, r e l a t i v e l y  cor l s i s ten t .  M ~ a l ; L . - r ~ L s & , ~ - . ~ - s ~ x a e p W n s  

A s  f a r  a s  has  been d e t e r m i ~ e d ~ t h e  magnet i te  content  and 

consequent ly t h e  lnsgnetic s u s c e p t i b i l i t y  of t h e  s i l t  and muck s v e r -  : > 

burden is  low and u n i f o r m  compared t o  t h e  g r a v e l  d e p o s i t s  and t h e  
__#2------ . -_ _ _ - -- ---.->.- 

<-. ,, ,)' adjacent  country rock. Apparently only  t h e  f i n e r  p a r t i c l e s  of 

magne t i t e  occur  i:a t h i s  t ype  of overburden, i n d i c a t i n g  t h a t  t h e r e  

has been some s o r t i n g  on t h e  b a s i s  of g r a i n  s i z e .  It i s  a l s o  l i k e l y  

.t5at t h e  f i n e r  m a g n e t i t e , j e s p e c i a l l y  t h a t  nea r  t h e  su r f ace ,  i s  more 

r e a d i l y  a l t e r e d  t o  non-magnetic l i m o n i t e  than t h e  gene ra l ly  coapser  

magnet i te  i n  t h e  p lacers .  

V e r t i c a l  anomalies a s soc i a t ed  wi th  s i l t  and muck overburden k 

have baen found t o  be smal l .  V a r i a t i o n s  i n  t h i c k n e s s  o: overburden 

have no apprv iab le  e f f e c t  on anomalies when t h e  s u r f a c e  i s  f a i r l y  

uniforjn, a s i d e  from t h e  i n d i r e c t  e f f e c t  of changing t h e  d i s t a n c e s  

t o  t h e  more magnetic under ly ing  formztions.  Bov~ever, topographic 



c o r r e c t i o n s  a r e  sornetixes necessary  i n  determining anomalies 

a s s o c i a t e d  wi th  deep p l a c e r s ,  when t h e  sur face  i s  h ighly  i r r e g u l a r *  

The so -ca l l ed  muck benches, p a r t i c u l a r l y  where they  a r e  c u t  by 

narrow, deep val l -eys,  a r e  o f t e n  s u f f i c i e n t l y  magnetic t o  have a  

s l i g h t  e f f e c t  on v e r t i c a l  anomalies and must be co r r ec t ed  f o r  i f  

p l a c e r  anocizlies are small .  Approximate c o r r e c t i o n s  may be mzde 

on t h e  b a s i s  of f i e l d  measurements s i m i l a r  t o  t h o s e  f o r  determining 

I bedrock anomalies:  t h a t  i f2a  number of  de te rmina t ions  of t h e  tapo- 

graphic anomalies a r e  made where o t h e r  f a c t o r s  a r e  unifonn. They 

I 
' should be c o r r e l a t e d  wi th  a v a i l a b l e  d a t a  on depth- , to-  bedrockand- 

O f  

t h i ckness  of g rave l  and,ovesburden,and i n  most ca ses  may simply 

be s u b t r a c t e d  from t h e  v e r t i c a l  anomalies.  

I n  connect ion wi th  l o c a l  s u r f a c e  i r r e g u l a r i t i e s ,  such as 

smal l ,  narrow and r e l z t i v e l y  deep v a l l e y s ,  t h e r e  may be some mag- 

n e t i c  s c reen ing ,  o r  d i s t o r t i o n  of  t h e  f i e l d  t o  conform wi th  t h e  

su r f ace .  This  would inc rease  t h e  v e r t i c a l  i n t e n s i t y  along t h e  

s i d e s  and dec rease  it a long  t h e  bottom of a narrow v a l l e y ,  and 

t h e o r e t i c a l l y ,  c o r r e c t i o n s  could n o t  be made by sinlply s u b t r a c t i n g  

topographic anomalies a s  determined by magnetometer readings .  Eow- 

eve r ,  t h e s e  anomalies a r e  so sma l l ,  and t h e  e f f e c t  of sc reening  i s  

apparent ly  so  s l i g h t ,  t h a t  no s e r i o u s  e r r o r  i s  in t roduced ,  

Occzs iona l ly ,  unc .nso l ida ted  overburden wi th  r e l a t i v e l y  h igh  

s u s c e p t i b i . l i t y  may be encountered,  as on upper Happy greek i n  t h e  
I i 
; Fairb::nks D i s t r i c t .  The o v e r b u r w  he re  i s  from 15 t o  100 f e e t  

"9 th ick ,& t h e  upper p a r t  c o n s i s t 8  l a r g e l y  of mica- and c h l o r i t e - s c h i s t  

s l i d e ,  some of which i s  only s l i g h t l y  a l t e r e d .  Ther creek  has 

c u t  theuugh t h e  overburden on t h e  l e f t  s i d e  of t h e  v a l l e y ,  l e a v i n g  

s e v e r a l  poor ly  de f ined  benches on t h e  oppos i te  s i d e .  The uppermost 

bench, rvhich is  best  preserved ,  i s  t r a v e r s e d  by numerous, deep 

t r i b u t a r y  v a l l e y s ,  s epa ra t ed  by narrow r idges .  



In Fig. 8, which shows a por t ion of t he  upper Happy Greek va l l ey ,  

the edge of t h e  bench i s  c lose  t o  the  survey l i n e  6.,,6, and the 

t r ibu ta ry  val leys  cu t t ing  the bench a r e  represented by i n t e rmi t t en t*  
w e s f  

streams which flow t o  the  main creek. Local 
w 

magnetic highs a r e  associated with t h e  r idges and with rema2s of 

lower benches, such a s  occur near s t a t i o n  H 12 and L 15. Several  

conical  remnants of t a l u s ,  one of which i s  near s t a t i o n  G 14,  a l so  

give r i s e  t o  magnetic highs. The di f ferences  i n  e levat ion of these  

minor topographic fea tu res  is  from 10 t o  20 f e e t ,  and the  slopes 

a r e  f a i r l y  steep.  The l i n e s  of equal magnetic i n t ens i t y  somewhat 

resemble togographic f o m  l i ne s .  

Traverse p r o f i l e s  of lower Happy Creek iiidicated that  ver- 

t i c a l  anomalies of 50 t o  80 gammas a r e  associated with a more o r  l e s s  

continuous l e f t  l i m i t  paystreak, which has been drift-mined i n t e r -  

mi t t en t ly  f o r  many years. Other p r o f i l e s  across t h e  upper creek 

indicated t h a t  a posrly defined l e f t  l i m i t  p lacer  concentration 

lrontinues t o  the  upper creek and cmosses the area  shown i n  Fig.  8. 

However, desp i te  Bhe shallower overburden i n  the upper valley,  the  

anomalies are smaller ,  apparently because of l e s s  concentration. 

The de ta i l ed  magnetometer survey showed t h a t  i n  the  upper 

val ley  the  topograyhic anomalies a r e  l a rge r  than t h e  p lacer  anomalies, 
. . 

and are  proportiona:L both t o  t he  change i n  e levat ion and t o  the  

narrowness and steepness of the  t r i bu t a ry  valleys.  Approximate 

topographic correct ions  were made by gra2hic subtract ion of topo- 

graphic anonlalies a:Long each t raverse  l i n e ,  Corrections were made 
a 

i n  the  same way for/bedrock anomaly which extends south from C 8 

and C 9 i n to  t he  s teep  r i gh t  limit h i l l s i d e ,  

The corrected magnetic map of -the area, ( Figo 9), ~hows 

5,: ee 
the  apparent anomalies due t o  p lacer  concentration. a t h e  p lacer  



Fig. 8. 



Fig. 9. 



51nc e 

anonlalies are small andA there  a r e  several  unknown f a c t o r s ,  inter-.  

p r e t a t i on  i s  uncer ta in  and subject  t o  revis ion irhen addi t ional  

data is ava i lab le .  There I s  evidence of placer concentaation 

along t he  l e f t  1init bench,and t o  sheck the  small pos i t i ve  ano- 

maly i n  the  nor theas tern  par t  of the  area  shown i n  Fig. 9 ,  a 

shaf t  was sunk near s t a t i o n  G 4 and d r i f t s  were run along bed- 
- &. - --- 

rock. Prom two t o  f i v e  f e e t  of poorly so~ted$ravel]was found 
- -- - . -  

i n  t h i s  area 'conta ining an average of 30 cents i n  gold per square 
- -  .-- . ., -L.- 7-hi& g r o u n d  /; 

foo t  o f  bedrockTAhardly r i c h  enough f o r  drifting.-. The 
a w / y  5 / 1 '  k)y 

values a r e  spotted and t h e  gold i s  worn. The gold-bearing 

gravel  i s  replabed by barren bedrock s l i d e  and s i l t  about 50 f e e t  

southasest of t h e  shaf t$  the  edge of t he  gravel being approximately 

indicated by t he  85 gamma isodynamic l i ne .  The presence of water 

prevented d r i f t s  from being run southwest, toward t he  creek. 
a 

Other anomalies, a p p ~ e n t l y  associated with re-  

concentrat ions of the  bench placer ,  are found i n  t he  present  creek 

channel, near t h e  mouths of the  t r i b u t a r y  streams. Because of the 
. - 

complex geomorphology of  the d i s t r i c t  it i s  doubtful. if  t he  pre- 

sent  t r i b u t a r i e s  were instrumental  i n  t h e  reconcentrat ion.  The 

anomalies i n  t h e  present  creek channel a r e  small i n  a r ea  and mag- 

nitude,  and compare unfavorably with t h e  anomalies associa ted with 

7c:orkable ground on lower Happy Creek. They have not been checked 

by sha f t s ,  a s  t h e  ground is  sa id  t o  be wet, 

Upper Happy Creek i s  one of t he  l e s s  favorable a reas  f o r  

p lacer  prospecting by magnetometer. There i s  no t r u e  paystreak 

and placer  anomalies a r e  small because t he  poorly concentrated 
y e ~ a i ; ~ e  9 

gravol c o n t a i n ~ ~ s m a l l  amounts of magnetite. I n  add i t ion ,  topo- 

graphic anomalies a r e  unusually large .  The method of cor rec t ing  

f o r  l;he anomalies whioh mask plaoer anomalies i s  admittedly in- 

oxact, e spec ia l ly  where da ta  on the cbafacter  of the  overburden 



aid bedrock a r e  not  a v a i l a b l e .  However, it has  been found t o  be 

s u f f i c i e n t l y  c o r r e c t ,  even under condi t ions  e x i s t i n g  on Happy Creek, 

t o  ,permit o u t l i n i n g  t h e  more f avo rab le  a reas .  The n e c e s s i t y  of 

checking i n t e r p r e t a t i o n s  based on magnetonietric d a t a  i s  obvious. 

In  upper liappy Creek they  se rve  o n l y  as a  g e n e r a l - g u i d e  t o  subse- 

quent d i r e c t  p rospec t ing  and g ive  no inf'ormation concerning gold  

values.  

The problem of de te rmining  p l a c e r  anomalies is  f r e q u e n t l y  

co~npl ica ted  by t h e  presence  of c e r t a i n  a r t i f i c i a l  d i s tu rbances .  

I r o n  t o o l s  and machinery, f o r  i n s t a n c e ,  a r e  always p re sen t  on c reeks  

1 thamt;;have been mined o r  prospec ted ,  and magnetometer s t a t i o n s  must 

be loca.ted so  t h a t  t hey  w i l l  no tsbe  a f f e c t e d  by them. D i r e c t  cur-  

r e n t  power l i n e s ,  p a r t i c d a r l y  t h o s e  wi th  grounded r e t u r n s ,  and 

t e l eg raph  and telephone l i n e s  a r e  o t h e r  sources of  s e r i o u s  magnetic 

d i s t u r b a n c e ;  f o r t u n a t e l y  they  a r e  n o t  common i n  i n t e r i o r  Alaska. 

Large  machinery on t h e  su r f ace  may be aboided,  but  small o b j e c t s  

such as old shovels  and t h e  ub iqu i tous  tin can a r e  soon covered by 

vege ta t ion  and silt, o r  by snow i n  win te r ,  and may cause unsus?ected 

e r r o r s  i f  magnetometer s t a t i o n s  are loca t ed  nea r  them. Wheelbarrows, 

t o o l s  and p ipe  i n  o l d  p l a c e r  d r i f t s  may cause l a r g e  e r r o r s ,  p a r t i -  

c u l a r l y  i n  shal low ground and i n  p l aces  where anomalies  a r e  smal l .  

I r o n  and s t e e l  a r e  o f t e n  po la r i zed  and may inc rease  o r  decrease  vex- 

t i c a l  i n t e n s i t y ,  depending on t h e i r  o r i e n t a t i o n .  The f low of wa te r  

through hydrau l i c  p ipe  may also change t h e  d i r e c t i o n  and i n t e n s i t y  

of t h e  a s s o c i a t e d  magnetic f i e l d .  

The l o c a t i o n  of  a r t i f i c i a l  sources  of d i s tu rbance  on t h e  

su r f ace  should be known, and magnetometer s t a t i o n s  should be p laced  

o u t s i d e  of t h e i r  zone of  i n f luence .  Abandoned p l a c e r  d r i f t s  should 

be mapped i f  p o s s i b l e ,  be fo re  making a magnetometer survey  and doubt- 

ful r e a d h g s  over  then1 d i sca rded ,  as it I.8 impossible  t o  c o r r e c t  for 



.the e f f ec t  of an unknown amount of iron. Since magnetic objects 

above, or& below a vertical magnetometer have a much greatier effect 

than those on the same level, tools buried underground may cause 

proportionately larger errors than those on the surface. Yor ex- 

mple, a shovel placed in a tunnel 30 feet directly below t h e  

magnetometer caused a. maximum change of 20 gammas in v e r t l c a l  in- 

tnnsity, while the same shovel when level with the instrument had 

no appreciable effect at a distance of 1-5 feet. 

The following table gives the approximate distancesthat 

should separate a vertical magnetometer station from iron objects. 

T a b l e  I1 

;!akciies, lcnivee 2nd o.ihLr s-neil o b j e c t s . .  .l5-25 fee* 

Wire fenceS...............,....,..........50 f e e t  

Small cased wells...................,....100-150 feet 

Pipe lines, boilers, iron tanks..........200-500 f e e t  

Railroads, niills,,....,.,................500 feet 

An automobile should not be closer than 150 feet if it is standing 

to the magnetic north or south of the instrument, or 200 feet if it 

is to the  east or west. 



e. Diurnal variation and magnetic stor7ns. 

Anomalies associated with placers are local changes in the 

earth's field intensity that are caused by variations in the mag- 

netic content of placer gravols, These anomalies are constant with 

respect to time, but vary according to the position on the earth's 

surface, mere are other variations in intensity and direction of 

the magnetic field thst are essentially functions of the and that 

are the same in all parts of any locality. Corrections must be made 

for these variations when determining relatively smll anomalies. 

variations that are functions of time are both periodic a a d  

irregular, Periodic! variations include diurnal, annual, and secula2 - 
.I 

changes in the earth field, of which only the diurnal variation is 

largs-enough to affec* determinations of small anomalies. Irregular 

variations, when they are of considerable magnitude, are known as 

magnetic storms, 

Diurnal variation is a fairly regular, daily variation in the 

intensity of the field from its mean value, and is ohiefly a function 

of local time. In interior Alaska the vertical component of the 

magnetic field ordinarily reaches a maximum due to dinrnal variation 

at about noon and a minimum at about 6 P. M. The total variation 

may be from 10 to 40 gammas. The rate of change is most rapid,in 

the fore- and afternoon and Least rapid about noon and midnight, 

Magnetic stoms me sudden, large and irregula~ changes in 

the magnetic field. They usually are more intense in high latitudes, 

and in interior Alaska may cause changes in the vertical component 

of 500 gammas or more within a few minutes. 'orrespondinglg large 

changes occur simultaneously in the other mgnetic ,elements. The 

causes of nagnetic storms are  not fumly understood and it is 

impossible to predict.their occurence or character except in a gen- 



e ra1  way. There i s  no apparent  r e l a t i o n  between magnetic and 

atmospheric s t o m s .  They appear t o  be a s soc i a t ed  with sunspots ,  

a u r o r a l  d i s p l a y s  and ear th-durren t  i r r e g u l a r i t i e s .  During v i o l e n t  

magnetic s torms,  r a d i o  and t e l e g r a p h i c  communication i s  adverse-  

l y  a f f e c t e d .  

Sunspots  and r e l a t e d  phenomena a r e  c y c l i c  i n  c h a r a c t e r ,  w i th  

a  per iod  o f  about  11 yea r s  between maxima. The a c t i v i t y  g r a d u a l l y  

i nc reases  t o  a  maxhum i n  v io l ence  and frequency and s i m i l a r l y  de- 

c reases .  During t h e  p a s t  s e v e r a l  y e a r s  t h e r e  has  been maximum 

a c t i v i t y ,  and during t h e  next  s e v e r a l  years  t h e r e  shnuld be a  de- 

c l i n e  i n  t h e  frequency and v io lence  of maggetic s t o r m .  A s h o r t e r  

and l e s s  we l l  def ined  cyc le  which governs magnetic s t o m s  appears  

t o  be a s s o c i a t e d  wi th  t h e  28-day per iod  of r o t a t i o n  of  t h e  sun  about 

i t s  a x i s .  Xagnetic s torms u s u a l l y  subs ide  when t h e  s u n s ~ o t  i s  

turned away from t h e  e a r t h  and reappear  when t h e  aunspot  is  aga in  

vi .s ible .  It is  of course  p o s s i b l e  f o r  magnetic s torms r e l a t e d  t o  

o t h e r  sunspots  t o  occur  i n  t h e  in t e r im .  A d a i l y  cyc le ,  dependent 

on t h e  r o t a t i o n  of t h e  e a r t h ,  bu t  no t  r e l a t e d  t o  o rd ina ry  d i u r n a l  

v a r i a t i o n ,  is a l so  ev ident  at t imes.  Thus, dur ing  rnagnetic s torms  

l a s t i n g  f o r  s e v e r a l  days,  pe r iods  of  Iflaximum and of minimum. d i s -  

turbance occur  a t  about t h e  same t ime each day. In  planning mag- 

netometl@k surveys it i s  important t o  t a k e  t h e s e  c y c l e s  i n t o  ac-  

count ,  so  t h a t  f u l l  u s e F y  be made of favorable  pe r iods .  

F ig .  L O ,  copied from magnetograms obtained from t h e  S i t k a  

2agne t i c  Cbservatory,  shows v a r i a t i o n s  i n  t h e  v e r t i c a l  component 

of' t h e  e a r t h ' s  f i e l d  du r ing  e normal q u i e t  day, and dur ing  a  mag- 

n e t i c  s torm of  moderzte i n t e n s i t y .  F ig .  11 shows t h e  major v a r i -  

a t i o n s  d u r i n g  a per iod  of 118 day% from nugust 10 t o  December 6 ,  1939,  

and i s  a  condensat ion of S i t k a  magnetograms and of f i e l d  d a t a  ob- 







RESUIJ!CS OF TllE GEOPHYSICAL I'ROGRAFd OF THE DEPAHTidEIJT OF &TINES - DECEBZR, 1940. 

The exper imenta l  geophysical  program was i n i t i a t e d  i n  July, 1939+ so 
n 

-Aft-.$? d. 
t h a t  a year  and a half- e s  evoted mo.inly t o  t h i s  worko If t h e  pre-  

' .>+- 
l i n i n a r y  explana, t ions a r e  omit ted from t h e  accompanying p a p e r , e n t i t l e d  

'Some Resul t s  of  t h e  Experimental geophys ica l  Program o f  t h e  T e r r i t o r i a l  

Department of Minesn', it m a y  then  be considered t o  summarize t h e  r e s u l t s  of 

I t h e  work done e x ~ ~ ~ q t u ~ & r & ~ & w a _ t e r ,  
-----' 

I t  mas found p o s s i b l e  t o  determine the l o c a t i o n  and approximate dep th  

of  water-bearing g r a v e l  under permanently f rozen  ground wherever t r i e d ,  

t h e r e f o r e  it i s  probably s a f e  t o  say t h a t  it i s  poss ib l e  i n  t h e  ma jo r i t y  of  ca se6  

/' The g r e a t e s t  depthx  a t  which water was i n d i c ~ t e d  by resistivity 

mo-thods was about  100 feet,, bu t  under condi t iono  encountered so f a r  it should 

be p o s s i b l e  t o  o b t a i n  r e l i a b l e  i n d i c a t i o n s  t o  depths of s e v e r a l  hundred f e e t @  

In  determining t h e  presence of  water under frozen,  unconsol idated depos i t s ,  

advantage wat t  t aken  of t h e  g r e a t  d i f f e r e n c e  i n  r e s i s t i v i t y  between f rozen  and 

thawed ma te r i a l .  The r e s i s t i v i t y  metliod i n  Ynis .case &mx z& BnLLeatesthe 

pyeeence of thawed ground, r a t h e r  Vnan t h e  ~ t c t m l  presence of water,  t h e r e f o r e  

a knowhedge of  l o c a l  s t r a t i g r a p h y  was found t o  be h e l p f u l  i n  i n t e r p r e t i n g  t h e  

r e s i s t i v i t y  measurements, A s  a rule,  however, thawed sL;ots,  o r  l a y e r s ,  i n  

unconsol idated ground are l i k e l y  t o  b e  water-bearing g r a v e l ,  

mere t h e  overburden i s  thawed, t h e  problem of d e t e r n i r i n g  t h e  Locat ion 

&d,;.lapproxim~i'te depth  o f  water-bearing g r a v e l  i s  more d i f f i c u l t ,  except ing  

where t h e  g rave l  i s  very t h i c k ,  o r  c l o s e  t o  t h e  sur face .  Under f a v o r a b l e  condi- 

t i o n s  water h a s  been loca t ed  under thawed ground a t  depths of 80 t o  100 f e e t .  

The r e s i s t i v i t y  of  water-bearing g rave l  i s  h igher  t han  t h a t  of  meroly moi s t  , ;  5 d '  5 - . 7 

p,.i ~ 7 ,  

g r a v e l  o r  s i l t ,  b u t  i s  much lower than  t h a t  of f rozen  depos i t s .  



RESULTS OF GE:OPHYSICAL PROGRAM. - 2- 

During t h e  1939 f i e l d  season  moot a t t e n t i o n  was pa id  t o  l e e r n i n g  some- 

E 

)thing of t h e  p o s s i b i l i t i e s  and l i m i t a t i o n s  o f  We geophysical  methods used, 

while  during t h e  194u season more a t t e n t i o n  mas paid t o  t h e  c o r r e l a t i o n  of 
- - w r r a ~ - - ~ ~ - - - s -  ---,-w=--,-.-w+d 

gvLLB 
eo lqg ica l  and geophysiaal  po in t  i a  t h e  w o r K n  E s t e r  I I o m e A  - L ------ 

h&e& - 
-------%"----- 

. /I 
?pt~+lrr*~&du*~ which a s  much informat ion  as p o s s i b l e  was g o t t e n  from a few n a t u r a l  

bedrock exposures and from what prospect  t renches  and p i t s  were a l r eady  

t h e r e ,  and during which magnetometer and r e s i s t i v i t y  s&veys fu rn i shed  supple- 

mentary informat ion  where no bedrock exposures could be found, Although t h i s  

work h a s  n o t  been completed* enough was l earned  t o  show t h a t  t h e  gene re l  

p r o c e d u r e + i s  esell  s u i t e d  t o  i n t e r i o r  Alaska regions. 



TmB-- 
- . -  - BAS;!: ivET.4L OHS DEPOSITS/- 

Of t h e  var ious  geophysical exp lo ra t ion  methods ava i l ab le ,  t h e  
magnetic and e l e c t r i c a l  m t h o d s  are  of g r e a t e s t  value i n  prospsct ing 
f o r  base metal ore  depos i t s .  The method used depends on condit ions 
a s  determined by prel iminary geologica l  ctudios. Of'ten it i s  necess- 
a r y  t o  use more than  one method t o  ob ta in  conclusive r e s u l t s .  

Magnetic methods can be used t o  l o c a t e  depos i t s ,  t h e  magnetic 
proper t ies  of' which a r e  masureab ly  d i f f e r e n t  from t h e  surroundix-q; 
~oc :<s .  ~ h d b a r e  of spec ia l  va.lue i n  f ind ing  highly nagns-t;ic depos i t s ,  
such a s  magnetite,  i lmeni te ,  chromite and pyrrhot i te ,  but a re  adso 
useful  where the  pos i t ions  of o m  depos i t s  ara datormined by geologic 
s t ruc tu ras ,  Xapid t r a v s r s a s  over h igh ly  :,nagnotic depos i t s  ctin be mads 
3qr w i t h  a d i p  nsadle,  or  -with one of t h s  l e s s  s e n s i t i v e  nag:rie.tic 
f i a l d  balances. Yiliere d e t a i l e d  and p rec i se  :noasursments 3.1-5 nacessary, 
&a Sc;lmid.l;-t;~e f i a l d  balance - siynilnr t o  t h a  one used 
by t h e  Department of Iiines f o r  ,mgnetic  surveys i n  i n t e r i o r  Alaska - 
should bo used. 

Q/ M 6 s f  Zlec.l;rical methods depend f o r  t h e i r  operat ion upon t h e  c r e a t i o n  
of an e l e c t r i c  f i e l d  of fo rce  i n  t h e  subsurface. This f i e l d  m y  be 
produced a i t h a r  by passing a d i r a c t ,  or  a l t e r n a t i n g ,  current  through 
t h e  ground by means of conductors i n  contac t  with t h e  surface;  o r  
by sending i n  electromagnetic/  nwath ((radio ) waves without  making 
contac t  wi th  t h s  surface. These methods u t i l i z e  t h e  d i f f e r m c e s  t h a t  anc 
e x i s t  between t h e  e l e c t r i c a l  p rope r t i e s  og r e l a t i v e l y  good conductors, 
a s  base metal o r e  depos i t s ;  and poor conductors, a s  s i l i c e o u s  rocks 
surrounding ore  d e p o s i t s r  

The d i r e c t  cu r ren t  r e s i s t i v i t y  method used by the Department of 
f i n e s  i s  capablo of obta in ing  information a t  comparatively grea t  depths,  
but i s  slower t h a n  so@.% of t h e  l e s s  powerful methods. For rapid  
reconnaissanca surveys, any one of t h e  seve ra l  lovi-powered radbo methods 
should be u s e f u l  i n  prospect ing f o r  l a r g e  depos i t s  i n  southeas tern  . . .  Alaska, -sa- 
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E r i  okson t The adrninistrat iva and the aoademia divisions of 
the Univerrritp of Alaska brine to you their t h i r t y -  
f i f t h  radio  broadcast and the fourth in the series 
"An misodo of Gold." 

 h he Influenao of Glaciation on Geld Prospeuting i n  
Alaskan is  the subjeat of a report  prepared by the 
Sohool of brines, The repor t  will be read 'oy John 
Bmornh , a student. 

Ericks on : 

E r i  okson ; 

You have been listening t o  a discussion conoerning 
the influence of glaaiation on gold  prospeoting in 
Alaska, 

i 
a&&*** * * * * * * * * * * * * *  

i 
Orle week from today you will hear the fifth of the 
seriea of "An Episode of ~old,'Dt.~enr=y Joest ing , I 
Assoofate Engineor in t h e  ~srri&rial  Department 
of Mines, will discuss the geophysioal methods of 
prospeoting. 



- 

J1 Liz[ - 1 

& 4 * . L <  / p, ,$2tp<- A : x - ; t , e  L" sit,.+. a .. 0 .  .$,A,/IApLtwFs &a "2 p + L F l i e  5J f l  ~-r*.t 4. c t - - ** ,- Ucr -...-- -* - -rAs.nI-Y'ri- .--.--. .=." -.iu-u--x- 

Abs~ut; a yeap and-& h l f  ,ago the Territoria& .liepar-tnent of 
e * p s r . , ~ ~ M & /  

Yinea inoupL~reted a modest, pophya ica l  p r o { ~ r a r ~ & w  ?he purnose 
+I14 p I ' O j t ' a 4  Ws.5 6 ddqr"f l~  &U/d 

of dew-jA t o  ,+:..hat extant  geclphyrical rnebtlods -wn S o  used, 
r \  g$$ - *I ,' {*- ; &.*t 

as nlda to rniniag and proa2aetlnz In Alaska, -6 ;-x~$ 
A d l ,  r* c,t H=&.~L,  f h Z r . G e  -dru 
t~ta14i-f a- fSausr.br\ig&%$(%%e of tho gold mining anC p ~ 0 8 9 0 ~ t -  

3 nq prabl&ms t o  geopkynica:l methods hc.ve bson ap$Lic?d, 
&*+ t.. <,~.&.+-- 

~ i n &  also of tho ~ca~4uZt;e of the experlmental. 

Fbri?t,Awweww, it wel l  to d o f i n e  tho terms 

:fcspkysica c4nd g s o ~ b ~ a i c a l  graspact ing. Oeaghyolcs meana, I f  tn lq-  LJ 

~ t l l y ,  ssrrkk ;>hyaice. JP; %a an exbrismely Lsrolttd sclancrs, since 

it; Pa.8 t o  ds with mtaasu~omant an3 JZntespsatation sf all 3hyairaJ. 

phenomena encountsrsd i n  o r  an the # R P ~ ~ L ,  an the sea and L a  the 

ahasghere surrould3.ng the earth. .t7'or ~ ~ n v e n l e n c e ~  geo$qfs f.es 

is div ided  intr; wavsral kranches, some of which lare important; 

enuuzh Lo ba conatdosed as asparate sciancss. SOEB a f  the l r p ~ r -  
t4 

%ant brach~ts are3 rnef ;eoroL~gy~ O C Q I E ~ O ~ ~ ~ : > ~ I ~ ~  ~ 8 u d 6 8 y  and gi;80;3!+1'ig~?I- 
A 

c a l  :>roapactlng. 

Geophyslc~11 gt*uspesctlxlg is c a n c s ~ n s d  with msaa.tr~'ing and 

interprstinr difrerencea in physical pra~srtios t h a t  e x i s t  hc- 

tween cllneral d ogfslrri tzr and the%. csnclaslng rocks, p ~ i r t i e u l a ~ l g  

when t l ~ e i r  ?reson7.o 13 not  Sndica tad. by surf rscrj O U ~ C F O ~ ? .  T., 



s l x l l g w  and ttraa3 ta  p ~ o ~ j j e ~ b  by ordinwy rr,r;?t;hod~, tizan Ska -UQ- 

i3hynica2 m t h c d  nuat be a1rnpl.e and Inaxpenefve Lo bo sf any 

axactlcal una, Gn $ha o t h w  hand, I% the dogc le l t  l a  deep and 

;~rospec&ing Ba o::h;sns ive ,  i k f s goaz$iblo ta 1:sa :?or.@ alabo~ato 

,-@a hyaical  rmt'ricrds and gtfll save t; 3,ne and n;fina:{, 

The mgnrst3.c ~ n d  tlm eXsatrioaY. metriode wetre cikoean b;: tale 

L~upartmstst o f  @inns fsr I b s  2nAt;LaL ax~erkien.t;uJ work b#ctruss 

Z;keae instY~ods are applioal.-la to tka 8 &udg OF most of 1;136 impor- 

tant  prosgactf ng and rnl.nln;; yrobla1as oncnuntsrcd Bn $nt@~lor 

2.3s s3ro; sf so tks  cost; rdrf ?nsi;~~mtitzzte and. of RS.eld wrilrh i s  cam- 

garatively lowtat* 2hey o f f e r  the a dr31tt~ns33, sadvantaqes r)f  spear1 

and simylici  kg of ogunat  ;an+ %'Ilar'sSore, t h w o  two ~ . e  t?:ac?s s t and  

t;he Ssst ehmce of b s l n g  sf 63venLt:fal g n a r 1 2  us0 t o  the amall, 

as well a*? t o  tbts 3ar3.3 s~orat;or and p r r ~ ~ p @ ~ e o r *  

Gaw, bnvlny bp?.sSIy rsv%awoA the va~fntza gao$ysiceS pxbos- 

geet fng  mothods $tvalZnblst Lot us E:jok into scma 0% ths ?ra'.\l@r.-s 

nonn@ctsd with $yosp~c'c.kxrg larld %ln(eng: %a whfch yoa:i;hye%enX 

n:otf:odu m J . ~ h i ;  30 &;>pX2st3* 



- A ~ & U H ~ - ~  tho muck, s i l t ,  and residual depoaita tha t  

cover a large pa r t  o f  the country, partfcularly in the mature 

raegiona. Idany o f  the d e p o s i t s  are permanently f rozen ;  others 

are thawed, They range An tkdckness from a few feet t o  several 

L~und~ed f ee t  and constitute the p r i n c i p a l  handicap to prospect- 

' I.ng for b o t h  Iodos and placers .  
- ---* 

/ 
, ' ~ ~ 3 F - t ~ ~ ~ b l % m g . . r l ~ 5 ~ t t ~ a y  -be- prof i tkbly-at t~o7ied 

' *  

P . z  ~ m - p k y & - c ~ r r n a t ~ s - . a m  - Chose' ~esb1tifig'~Trom tBe. ' ~ ' P ~ $ G P I C J ; B  of  a 

1 3  

~ 3 ~ . ~ ~ L h ~ - - s l ~ ~ & ~ b s t * ~ * * & b ~ %  __-- unf q m - % + ~ ~ t e ~ ~ 4 f ~  

~ l w ~ 4 ~ g s o ~ a " 1 ~ M ~ a t - I t + y ~ ~ ~ 1 . ~ h - 3 + m ~ % ~ .  The mos t impor- 
u,itcct*  3 ~ c p k y ~ t i r , /  N a r k  / t d ~  bq+,,6t dor-te ~ 9 r c a  : 

t a n t  of them p r o b l e r n ~ ~ ~ :  first, the location of buried plat- 

ers; second, tho locatLon of buried l o d e ~ ~ a n d  o f  faults ,  con tac t s  

and int;xus:tons t h a t  may have a bearing on mlneralfzation.; and 

th i rd ,  the debemins t i on  o f  depth, a t h s d  and perrn~~wntliy Tlroz- 
l kt .- q 
. --A- -. . -2~--- an overburden and-+he d i s  t r j $ u t  l o w  o f  permfienil-y f rrozen ground. 
b, , 

. -7%- 
e- - e Q ' k -  2, [L,iUP1sJ',~ For locating and outlining buried placers  the mgne tic 
/ 

t @ ? i b ~ t & C l  method appears to be beat adapted. The instrument used f o r  this 
- e t?." 
J-" work is known as the magnetic field balance, or vertical magnet- 

ometer. It is not only extremely sensitive, but surveys made 

d i t h  this type of  instrument are sapid and inexpensive, 'Lhe 

magnetometer can be used for prospecting for placer gold because 

magnetic minerals, or black sands, are cornmonly associated with. 

the gold. 'Zhus, in many caaes, placers may be outlined s i ~ p l y  

by finding the niaximim concentration of  black sands. 

NORP, it 2s well known to everyone who has done any placer 

prospecting o r  mining t h a t  the amount of m g n e t i c  black sand 

varies in d i f f e ren t  placers .  Some rlch glacers  contain very  

l : l t t l e  black sand, whi le  the reverse 5 s  true w i t h  r.8s:pec-b t o  

S O M B  low grade ones. And, s ince  magnetic m h e r a l s  are much inom 



rr3.ilst3yremd than gold, black sand o w u r e  in ~mny graval Beposite 

that are entlfd3ly barreta 09 ,x;zr2d, The gkesetsce a%' 5ai& ,a;ald 

and ms[gaatic mfnarals in $3aeesa rlepersds ~ ~ i t i ~ ~ ~ b l y  an an ad8fju8t0 

-:ztsdrook ssurao of' both ~&tf;~rttziX~+~ paxE GhLa reasc;n, pru~pectin,.:; 

for* plx -cax~  &t;h n ~m~,;nstoma-t;o~ skiauld b e  csnf f nad t a  nlinsmlia - 
ed se~;tons .  

S n  s r d u r  PI0 dotsm!ne 2x1 ra rlennonai~lg short  t l ; : ia  Lt?e ap;,l.f- 

c o b l l l t g  of the ~a~-; f iot ie  method to $1~1cbr proapeeCin;r, 1x1 f n t o ~ f o r  

A'Laska ae o whols, ahout 150 acnrnglss of eon cent rate.^ frmu .'54 

crasks T B ~ F ~  oxmlned, Lia~natEc minerals, t he  m s t  important o f  

vhlcla was ma:;ncatZ,lts, were i'out:d an sI.3 am~lser, 1n amma t8 

rm2;ing fmm Z t o  over SO;,, 30ynatom~t0~ U ~ P V C ~ B  WDYO yon 

over souam2 g l a c ~ r a  to d etamdne tho ro la t lons  krobwenrr naC;net5.2c 

rnjn9srtll omten ti and itlsff arc t on tha mgnul;cxnater. l;analder"aL)lo 7' 
jlanning was a L ~ o  dons 60 usearkaln whett~err m rnetict m f  nsra1;ta me1 

qbZd #em , : ~ e n a ~ ~ J . l y  c ~ n c e n S r ~ t e d  Zn the srr;~r;a parlia o f  P ~ C O P B .  
<I 

X l  aels fo-z~nd t l m t  Lba grsaarrc:s o f  reX@t;ively %lmlJ. n~ounb-s 

of black sand esn ba dte*sctsd bg &he mp$etorneLa~ mltkau:.h sf 

amrae m ~ r 4  b l ~ c k  sand. is nacaesary in &mp, thnn in a b ? - l o w  

glacers, Conaidarsd on tho basis of black sand oc;akanG alone, 

about 76,+ of the glxcera in t;he in tor lor  can be :Loctl.t:&d B y  za :- 

netsnattsr ausvaga, i.lowevar, ~ t h r  faotuxs, chief sf vErlch is 

ncce .~%oml  ima~~xlar i t i sa  n the rmtra~na2;ie p~1opsrt.le~ of b adrcck, 

raducs this fi'igur6 to an amlimtsd GO,-* 

%h~re tka paystsoak i a  woSZ dafined and mare or  leas un%- 

Fom, the  aaoc::.k of' black ssrsct lzas baarn found t o  be progo~*tlnna- 

nts "i; the  ,?old ~crttank, and these plncerrs cars b e  s-rr.t;lin%d wl.th 



cansldarcble eccrrrac:y. Cn t b  o t h a r  hand, where tho ,;ravel 5s 

r,u.t; well sortod and there Ze no t n e  ~agrstroak, the g1~car C D ~ Z  

r 3 t  b e s t  bs ozLy ~.,,,:r.sx.:n:c?toly mC'l.lnoB. ilF(.>Y; 23at;w ,:skhos:ld In 

t h i s  oxper2rnenkur3. vrc:~k ant. Erorfi cr !~noaXsdij@ uf tho g o a l o g ~ ; ,  1 t 

I s  now ;?saaibls  t o  grodlct  whethur or n o t  m r ~ g a t l c  metk~ails can 

UP ~ : ~ ( j c i  P V C C O B B ~ I J ~ . ~ ~  I n  Eng. u.egios~ f n  the l.nterf.or. 1 shculd 

r ~ a n t f o n ,  I~outsvor, t h a t  t h e  pet? sd d~so l  no t  c s l i m f  r t n t n  ~~egulmr 

proa;sctlng, but I t  dooa in soma caaas eL¶.n!inato n~~rch.  groe2ect.- 

iny In barren ~ T O I J T Z ~ .    he l u v  c o a t  ancl r a g l d  lt;g 05 no,:irna%o~iett,,r 

survsgs make t;k&rrm ?sort11 t ry?ng  wkzezssvar d r l 1 I Z ~ ~ ; ;  or s h a f t  sink- 

fnc; is d i f f i c u l t  ur sspenslve, 

geodhysicist i a  up ngs inat  n diff~cult proklem i n  no- 

vPstnq :n ~nutlmd, ro tv  C;1etoct:In~ or t r ~ c i n g  buried ,$old-qnz?ri;z 

vo lns. iLi;ioo t; ~ a l d - q ~ . r ~ , r t a  ve Ins a r e  m a l l  and t k ~ r s  t r y h g ~ ;  ica2. 

prc)partiaa are o f t e r ~  n u t  rnatarially dif ' feront  i'ror- t h o * e  cf thrs 

co\rr iC~y  ROE:^. Evan kn a vein aras~iyfng two o r  'ehrue ounces to 

t h e  tor), Cha sr:otwt of g0l.d R' Is 
small La bo Zateckcd d l rack-  

29 by any knaw gaaghyelcal mothod* .Lovsvor, wartlmhile rsm3tm 

may o f t e n  b e  o'l~t&%rreci by u2;llizir:g n coi?bLrsstion of gaolsgy a112 

?%a ,hy4j.~8o 

The goal  b i a n  of R v ~ S n  rang bn csntrolled by f a u l t i n g ,  cr 

by the contact  sf' two d f ~ u l - , ? l a r  rocks, or it map b m r  a daf- 

I.n%te ~ e l . a l ; L ~ n  t : ~ !  1ntri;siona of i gaon~ ia  rocks., S:n zany caans 

1-2; f .8  p n s a f b l e  to trace khtsec str%:at1r~er9. feature:: by rsno o r  
*- 

-% euw gsrspky slcal ~ l l e thod~  r ~ O F  axamgle, there it8 of ton suffic5.jrXn.t 



0 

dl f t  O ~ ~ C B B  2n nagnotlo progorti@e, Ifl wa :.I E I P  +hc e ~ ~ 3 ~ ~  t +. 
b$' q u h r i z  V & I L . ~ * A  & l - 1  dT+<nl Y e  ; i h d r e n . l ~ , l ,  

iP 
an alaclriead. met,l<od chat wsma::r*eo t h e  cundxc &%vPky nf 

aides of t h e  f a u l t .  
- _ * .  -.- - - 

I <  :Soeh aagnatic and ol&at;xleaL mLh-.lada i-iasrar :*fiat1 uasd  3~ 

S* f;k;f?g i ;au '~rt%~nt;  o f  iiinea few t h e  ~urgosa pf " L ~ 3 . a @ 1 ~ 1 :  bod~ack $084 
,;+ c ,u c !\sf% U P  i n s  r e  9 5 5 d  c ;l$d, 

'I;rarnc~ -*a+ +.I Cs &et s rx~ls, f t b e n  

vnkntsum arsas, r.kej.gihys ?,,ca2 yroa yactlnf-; far :iar?ae csa a 7~883d 

the Brlsiar.y alrr, is not; to olLatminnta di rect  prosgcck'e.: ontf mfyf 

but ~ s r e 2 y  to ;.o$tuccn the anount 09' L!aSa tsYow@.r+ an$ ~wzf.s w::#n- 

type of wnrk Lkwt Sw aG often Gnno fn v ~ f t % ~ d ~ a h Z @  ara'ns* __ 
m!seslf!sen b2-r~ vm~a-k QH h u r f &  g t a c o ~ s  %II& :loiion, tlza ' @?art- 

3f blncs h r ~ a  carrdod on etxparialantal aor.k l o r  the g~~r ' : ;Gos 

Q$ I ' ie*bbP~~~I.rtg . j d f r : ~ b  &1d32;hdtf8 k4 cfft~l(~l? !in@ %?I@ I c c & ~ % Q ~  t i ~ l ~ ' !  

ox Let!"boi :m~mnetursf;lg. f'~.ogsjrs grc~vizci and also . t 7 r~  d n t c $ r m f  no ce;j.';bn 

, . r* 



X t  was found that frozen muck and g r a v e l  are extremely 

poop conductors of s l e c t r i c i t y  cornparod t o  their thawed coi~nter -  

parts. Advantage is taken of  these differences in conductivity 

t o  develo?  a rapid and w Znoxpensive nethod 02 finding, the ox- 

tent end depth of frozen depos i t s .  Considerable attention has 

a l s o  been paid  t o  the problorn of' findim the 'chickries 3 of  muck 

and gravel in b o t h  thawed and permanently f ~ o z e n  area$. It is 

p o s s l h l e  a t  present t o  determine depths when condiJcions are f a i r -  

l y  simple, but where depths a r e  over  about 50 fee t ,  and where 

both frozen and thawed ground are encou.ntered, r e s u l t s  have not; 

he geophysical w o ~ k  

s t i l l  in an expesiment- 

a1 stage; nevertheless, enough has been accomplisfied t o  prove 

and an imgortant place In gold 
,*:b xJL, 45&3,7$>*, & bXI<-iT 

I& J,T~'P g~ A ~ .  %J-& &,bn&js~:E,h%d.+. - 

general, 1 ,' 
YWO$ 'f 

wn ~ e o p l e  can be placed in t w o g  roups aa regards their n t t i -  
\ 
, tude toward geophysical prospecting. One group, the superoptom- 

I , 
' 

Lnte, confidently empcotn miracle. and believes t h a t  the geophys- 
I 4 W  

! i c i a t  can look i n to  the bowels of the earth and tell exactly 

f 
what is there. These peogle ore doomed to disappointnlent  w&zJn 

r the othax group 
i 

; discounts the possibility o f  geophysical metliods being of any 
\,\ 

\blP wilatsocver in prongecting or mining. Some in this groug 
- 



are opposed t u  anjthing theg don' t  uzdtbratand, w1mroas others \ 

pact 1x1,; and mada it loas wxpsnaiva, b?xk tilsy havs sll21inat- 

d t;ha need f o r  :,,roe;;oct:.n;,: ~ ~ ! ~ t l . i  2 c k  and shuv~al o r  with drills 1 
and. khay e r e  mf; 231kel.y 20 dt: SO i n  tho nraar X'?:1:t1.arrpe 

(d' 
1 





Resistivity of ljL-erlying Beds and their Applicatlun to Geophysical 
Problems: U. U. Bureau Mines Tech. Paper 502, 1931. 
Irwin Roman, Some Interpretation~l of Earth-resistivity Data; A. I. ;Me E. 

/ 7Jo  
volume on Geophysical Prospecting, 1934, pp. 183-197. 

Table 

- 
Apparent Resistivity Mean Apparent 

Mat urid Range, ohm-cm. Resistivity, ohm-om/ ~ocalityl 

Thawed, moist silt and 
vegetation muck (in valleya) 3,600 - 35,000 1.1 x 10 4 a,b,c 

Thawed eilt and slide, 
dry on surface (onslopesb 50,000- 190,000 8.0 x lo4 

Frozen silt and vegetation 
muck 135,000 - 600,000 26.4 x lo4 

Thawed moist sand, fine 
gravel and clay 22,000 - 65,000 4.2 x lo4 a , b , o  

Thawed mobat; gravel 41,000 - 71,000 5.5 lo4 a,b,c 

Viat er-bearing gravel 200,000 - 195,QOO 
Frozen sand and fi gravel  J 630,000 - 2,400,000 
Frozen gravel 780,000 - 4,100,000 
:Frozen surface silt a t  -100~ z,:,.., $ 0 .  - 2 ,  I - ,  :,a 

Frozen surf'ace gravelat -150~ 3 ,  .:s 3, j2.j - ;;: :: 2 .  :$  i 

%nawed soft mica-, ohlorite-, 
and graphitic schisL 20,000 - 80,000 
Thawed hard quartzitic schist 200,000 - 300,000 
Thawed conglomerate 22,000 - 70,000 6.0 x lo4 c 

. . .  

Frozen conglomerate 1,200,00 - 1,600,000 140 lo4 G 

Thawed chert 140,000 - 200,000 17 x lo4 b 

Thawed limestone 50~;OOO - 84,000 6.5 x lo4 

Thawed argillite 26,000 - 70,000 5.7 lo4 

Thawed granite 

Thawed serpentine 

Partly frozen limestone 
and serpentine 270,000 - 1,500,000 57 x loLk 

1 
a - Fairbanks District; b - Livengood District; c - Circle District, 



g'"ph 
t a i n e d  i n  i n t e r i o r  Alaska, The m i n d i c a t e s  t h a t  magnetic 

cond i t i ons  improved dur ing  November and December. I n  gene ra l ,  

magnetic d i s tu rbances  during any year  a r e  a t  a  minimum from 

Xovember t o  February,  and reach  a  maximum from ;day t o  August. 

:$arch, A p r i l ,  September, and October a r e  i n t e rmed ia t e  i n  t h i s  

r e spec t .  The d a i l y  and 28-day c y c l e s  t h a t  govern magnetic s t o r n ~ s  

a r e  a l z o  apparent  i n  F ig .  11, bu t  t h e  s c a l e  i s  too  small  t o  

show d i u r n a l  v a r i a t i o n .  

During r e l a t i v e l y  qu ie t  per iods  c o r r e c t i o n s  f o r  v a r i a t i o n s  

can be made so t h a t  smal l  anomalies a r e  measurable,  bu t  dur ing  

stormy pe r iods ,  when i r r e g u l a r  f l u c t u a t i o n s  may be cons iderably  

greater than t h e  anomalies,  magnetometric f i e l d  work cannot be 

c a r r i e d  out  by p re sen t  methods. Tables I19 and 3V show t h e  

r e l - a t i v e  number of q u i e t  and d i s t u r b e d  days d u r i n g j t h e  l a t t e r  

p a r t  of 1939 and during.  -..wimpier 'OfLP958. . C~znp le , twecords  
' _ *  

< .; *:+,Q,;:: ' 

f o r  t h e  summer of 1938 were n o t  a v a i l a b l e  when t h i s  r e p o r t  was 

m i t t e n  and t h e  s t a t e d  percentages  of d i s turbed  day may, as a 

r e s u l t ,  be  somewhat i n  e r r o r .  During the dis tusbed  days, which 

inc lude  t h o s e  dur ing  which small, but i r r e g u l a r  f l u c t u a t i o n s ,  

as w e l l  as magnetic storms occurred,  smal l  anomalies coumd not  
. . .  

be detormined wi th  s u f f i c i e n t  accuracy, 



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

M o n t h  - 
Number of Number of Toat a 1  Percentage of 
Quiet Days Disturbed Days Days Dksturbed Days 

August 14 7 2:L 33% 

September 25 

October 22 

November 27 

December 5 

-- 
Total 9 3 25 118 215 ((average f 

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

Monlh Number of Number of Total Percentage of 
Quiet Dass Disturbed Days Davs Diatuobed Davs 

July 8 10 

August 6 3 

Tota l  39 27 66 41% (average) 



Bince only  one magnetometer was a v a i l a b l e  f o r  t h i s  

i n v e s t i g a t i o n ,  c o r r e c t i o n s  f o r  v a r i a t i o n s  were made by t a k i n g  

hourly readings  a t  a base s t a t i o n ,  convenient ly l oca t ed  i n  t h e  

a r e a  be ing  surveyed. From t h h s e  readings  s u f f i c i e n t l y  a c c u r a t e  

c o r r e c t i o n s  could be app l i ed  t o  readings  taken  during t h e  i n -  

t e r v a l  between t h e  base - s t a t i on  readings ,  i f  t h e  v a r i a t i o n  was 

small  o r  i f  t h e  r a t e  of change was uniform, hiagnetograms ob- 

t a i n e d  from S i t k a  permit ted an  approximate check t o  be made on 

t h e  occurrence of sudden changes between t h e  hour ly  base - s t a t i on  

r ead ings ,  but because of t h e  d i s t a n c e ,  t h e  v a r i a t i o n s  a t  S i t k a  

do n o t  corresgond e x a c t l y  t o  t hose  i n  i n t e r i o r  Alaska, >\'hen t h e  

reading  a t  a new s t a t i o n  was cons iderably  d i f f e r e n t  from t hose  

a t  prededing s t a t i o n s ,  an irmnediate check reading  was taken a t  

t h e  base - s t a t i on  o r  a t  a preceding s t a t i o n ,  t o  a s c e r t a i n  whether 

t h e  d i f f e r e n c e  was caused by an anomaly o r  by a sudden f l u c t u a -  

t i o n  i n  t h e  e a r t h ' s  f i e l d .  I n  t k i s  manner t h e  e r r o r  a t  any 

s t a t i o n  r e s u l t i n g  from i n c o r r e c t  d e t e m i n a t i o n  of  diurnal.  v z r i a -  

t i o n  and from changes i n  t he  cons t an t s  of t h e  ins t rument ,  w 2 s  

no t  over 5 gammas, and under f avo rab le  cond i t i ons  was as low a s  

2 gammas. The naxirntrra t o t a l  e r r o r  was below 10 gammas and on 

some surveys  was 6 gammas. 

It i s  ev ident  f h a t  t h e  f i e l d  proc&dure desc r ibed  i s  un- 

economical. The n e c e s s i t y  f o r  f r equen t  check r ead ings  dec reases  

t h e  speed of t h e  survey and inc reases  t h e  c o s t  p e r  s t a t i o n .  The 

usua l  method, when s a ~ a l l  anomalies a r e  t o  be measured,$s t o  em- 

ploy two instruments .  One instrument  occupies  a base s t a t i o n ,  

where r ead ings  a r e  taken a t  5 o r  l0-minute i n t e r v a l s ,  while  t h e  

magnetic{survey i s  made wi th  t h e  o t h e r  instrument .  Automatic 

record ing  magnetometers, which keep a continuous record  of v a r i a -  



tions, are also available. The use of a base-station instru- 

ment enables more accl~rate corrections for variations to be 

made, and by eliminating the necessity of taking hourly base- 

station readings with the surveying magnetometer, it increases 

the:speed of field xork. d magnetic observatory in interior 

Alaska, by keeping a continuous record of variations, would 

serve the saqe purpose as a base-station instrument. 

-ven when a base-station instrument is used, placer 

anomalies cennot be rneasured during magnetic storas. Eowever, 

the time need not be entirely lost, as other work connected with 

the survey may be done when magnetic conditions are unfavorable, 

This -ork includes investigation cf surPace exposures and pros- 

pect holes, gathering of data related to thichess of overburden 

and gravel, collection and study of gravel and bedrock samples, 

location of mabnetoneter stations, and calcula4;ion of results, 

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

Nevertheless, the irregular magnetic conditions which exist in 

Alaska seriously handicap rnagnetometric prospecting, especially 

when it is necessary to measure small anomalies. 



Buried :Bedrock Features - 
A preliminary study r ~ ~ s  mzde to  determine t he  useful- 

ness of the v e r t i c a l  magnetometer i n  out l in ing and t racing 

various bedrock fea tures ,  such as f a u l t s ,  igneous in t rus ions ,  
. . 

and veins. The magnetometer haa bee11 successfully used t o  

study s imi la r  problems i n  o ther  pa r t s  of the world, but as 
1 . f  has 

f a  a s  i s  known not been used before , i n  i n t e r i o r  

Alaska. Where applicable,  the:. r e l a t i ve ly  low cost  of magne- 

tometer surveys whould make them of considerable value, es- 

pec i a l l y  i n  regions where unconsolidated overburden i s  preva- 

l e n t .  

The magnetometer wLI1, i n  general,  reveal. changes i n  

the  composition of rocks, s ince  such changee a r e  usually ac- 

companied by changes i n  t h e i r  magnetic gmper t i e s ,  and oonse- 

quently by v e r t i c a l  anomalies. The magnitudes of t he  v e r t i c a l  

anomalies a r e  governed by t he  masses of t h e  rocks involved, a s  

well as by the  di f farences  i n  t h e i r  magnetic p ro l~e r t i e s .  

Measurable anomalies, consequently, w i l l  usual ly  be associated with 

l a rge  igneous in t rus ions ,  the magnetic proper t ies  ofvhich may 

be only s l i g h t l y  d i f f e r en t  from those o f  t he  intruded rock, where- 

as a narrow dike of the sane composition would cause much smaller  

anomalies. For t h i s  reason small masses, such a s  veins,  may be 

traced only if t h e i r  magnetic proper t ies  a r e  considerably d i f -  

f e r en t  from those of t h e  c o u n t r y  rock. Variat ions i n  composition 

within a rock formation may a l so  resu:Lt i n  measurable anomalies, 

as shown i n  Fig,  6, where bedding changes and the s t r i k e  of the 

sch i s t  a r e  re f lec ted  by changes i n  v e r t i c a l  in tens i ty .  Similar ly ,  

displacement of rock masses through f au l t i ng  may bring i n to  con- 

tack rocks with d i f f e r en t  magnetic propert ies.  As a r u l e ,  the 



size of anomalies related to faults will be more or leas proportion- 

ate to the amount of displacemen& since faults with large displace- 

ments are more likely to bring dissimilar rocka into contact than 

am11 ones. 

The results of reconnaissance magnetometer surveys over 

various types of geologic structures are given below. Since little 

detailed work was done, they should be regarded merely as indications 

of the applicability of the magnetometer to these problem. 

3 
The profile across Livengood Creek (Fig. 1Zi) shows a large 

vertical anomaly resulting from the presence of serpentine in con- 

tact with relatively non-magnetic chert and shale. The total verti- 

cal anomaly, which is not shown in Fig. 3, is several. thousand gammas. 

la measuring very large anomalies, such as those which are often 

associated with basic igneous rocks and with other rocks of high mag- 

netite content, it is not necessary to apply correotions for diurnal 

variation, and field measurements can be made more rapidly because 

less care is necessary in obtaining.magnetometer readings. 

A north-south profile across part of a quartz-diorite intrusion 

in mica-schist is shown in Fig 12. The overburden,which is approxi- 

mately 5 to 15 feet thick, consists of float and fine rock aaterial, 

covered with moss. The traverse was run in the winter, when iL3was 

not possible to collect samples of the intrusion and of the country 

rock. The approximate location of the contact was determined pre- 

viously from examination of prospect holes and float. The anomaly 

associated with the intrusion is fairly small, as wuld be antici- 

pated from a rock mass with magnetic properties not greatly different 

from those of the surrounding rock. As in the measurement of all 

small an~~nalies, corrections must be made for diurnal variation. 



Fig. 12 .-. P r o f i l e  sh0v5.n~ ve i - t i  c n l  :.nonaly. a s soc i a t ed  vrith 
quartz-diorite i n t r u s i o n  i n  s c h i s t .  Yedro Ione, Fairbanks D i s t r i c t .  

0 Zoo Y O 0  

, , - ,:. p ccrgsc  $.-!;o;..ee .?-.l-;:-bz-:Pol,<:j? ,?.: , ? f A J : ~  ~ : i g .  13. - P W , ~ ~ ~  
i t 1  sc.iisL, ~ ; i 0 \ ~ F i l *  r e i a t i o i l s  bety:een ve i ' t i ca l  i n t e t l n i ty  m d  
m a ~ n e t i  t e  content  of roc:; s .  Eead 02 Cleary ;reel<, Fr- i rbcrks 
j l i  s t r i c t ,  



The occurrence of a magnetic high over t he  north contact  of the  

in t rus ion  might indicute  a s l i g h t  segregation of magnetic minerals 

along t ha t  c a t a c t ,  o r  might mean t h a t  t h i s  contact  dips l e s s  

s teeply  than the ,=south contact .  A dota i l ed  magnetic survey,  to-  

gether  with a geologic study of ava i l ab le  exposures, would be nee- 

essary before d e f i n i t e  s t a t e m n t s  couad be made concerning t he  

nature of t h e  contacts .  

Fig. 13 shows a negative anomaly over a l a rge  a l t e r ed  a p l i t e  

dike near the  head of Cleary Creek, i n  the  Fairbanks D i s t r i c t .  The 

dike rock cons i s t s  almost e n t i r e l y  of quartz and decomposed feLdspar, 

and has a gne i ss ic  t ex tu re .  The small negative anomaly i s  caused 

by the  low magnetite content  of t he  dike rock, compared t o  t h a t  of 

the  mica-schist uountsy rock. The middle pa r t  of the d ike ,  which 

i s  about e0 f e e t  wide, contains only 0.45% magnetite, compared t o  

a magnetite content of 2 t o  3% near  the w a l l s .  The country rock 
a SOW 
ee- f e e t  from the  d ike  wal ls  contains from 4 t o  6% magnetite, 

a s  detemined from severa l  samples. The c lose  re la t ionsh ip  between 

magnetite content and v e r t i c a l  anomdies  is shown i n  t he  p ro f i l e .  

Other p ro f i l e s ,  run near  by where t h e  overburden was estimated t o  be 

about 10 f e e t  th ick ,  showed similar v e r t i c a l  anomalies, and it  is 

apparent t h a t  the  dike could be out l ined by means of a de ta i l ed  

magnetometer survey. However, as is  generally t he  case where small 

anoraaLies are concenred, i t  would be necessary t o s t a r t . s u c h  a sur-  

vey where magnetic r e s u l t s  can be corre la ted with known condit ions,  

before extending i t  t o  unknown regions,  

The v e r t i c a l  anomalies associa ted with a s t eep ly  dipping 

f a u l t  i n  anica-schist a r e  shovm i n  Fig. 14. The displacomlrnt of the  

f a u l t  is  not  known, but i s  probably a t  l e a s t  200 f e e t .  The over- 
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burden va r i e s  i n  thiclsness f r o m  about 7 t o  15  f e e t .  The small 

anomalies associated with t h i s  f a u l t  would requ i re  a de ta i l ed  

and accura te  magnetic survey i n  order t o  deternine i t s  appmxi- 

mate d i r ec t i on ,  and would requ i re  a comparison of anomalies where 

condit ions a r e  known with those where overburden covere t he  con- 

sol idated rocks. Since the  app roxha t e  d i r ec t i on  of the  f a u l t  

shown i n  F ig ,  14 can be determined from a krsowledge of the geology 

of the a r ea ,  t he  p r ac t i c a l  value of a magnetic survey f o r  the  

purpose of t r ac ing  t h i s  fault is doubtful,  It i s  l ikewise doubt- 

fu l  i f  magnetic methods m e  pa r t i cu l a r l y  appl icable  t o  t r ac ing  most; 

of' the re la t iv* small f a u l t s  t ha t  are associated with t he  gold- 

quartz ve ins  i n  the  Pairbanks D i s t r i c t ,  s ince  t he  anomalies asso- 
i 

cia ted wi th  them a r e  genera l ly  small,  and their-1 character-  

i s t i c ~ l  a r e  known from underground mining. 

Magnetometer t r averees  were run over several  small gold- 

quartz veins  of the  type found i n  t he  Fairbanks DisCrlct ,  I n  most 

cases t h e  v e r t i c a l  anomalies d i r e c t l y  associated with the veins 

were smaller than those resuhting from normal va r ia t ions  i n  t h e  

country luck, and a s  a r u l e  no in te rpre tab le  r euu l t a  were obtainable 

when t h e  ;small veins were covered by more than a few f e e t  of over- 

buzden. 'he anomalies, when l a rge  enough t o  measure, were found t o  

be negative f o r  t he  most part ,  apparently because of the  small amount 

of magnetite i n  the veins compared t o  the country rock. Their small 

magnitude8 a r e  undoubtedly due t o  t he  small masses of the  veins,  

which i n  most cases were not  over a foo t  thick. It is not l i k e l y  

t h a t  the  v e r t i c a l  magnetometer w i l l  be of much value  i n  prospecting 

f o r  gold-cluarlz veins, unleso spec ia l  conditions prevai l .  A very 

l a rge  vein  o r  mineralized zone may be t raceable  under moderate 

depth of overburden, as may any vein,  regardless  of s i z e ,  i f  i t  l i e s  

along t he  contact  of d i s s imi la r  rock, o r  if i ts pos i t ion  is  deter-  

. . .  . . 



a h r e k  

mined by s w c t u r a l  conditions w i t h  w&kh measureable anomalies 

are associa ted,  

F ig ,  15  shows t he  r e l a t i ons  exis t ing over a barren quartz 

vein, 4 f e e t  th ick,  and covered by from one t o  about 6 f ee t  of 

overburden. %is p a r t i c u l a r  vein i s  apparently t raceable  by 

magnel;ome.b"Dg'c methods b e c a u s ~  of unusually favorable condit ions,  

It i s  large and contains p r ac t i c a l l y  no magnetite, whereas t he  

schis tose  country rock in ~noderately magnetic; furthermore t h e  

overburden i s  comparativaky shallow. 



The results of this preliminary investigation indicate that 

magnetic methods rnay :In many cases be an important aid to direct 

methods of prospecting and to geological studies in interior Alaska. 

Vhile they cannot replace drilling or related prospecting methods 

90s the purpose of evaluating mineral deposits, they can in m y  

cases replace direct prospecting for the purpose of locating mineral 

deposits. In general, the role of magnetome.tric surveys in pros; 

a to furnish inexpensive information which will aid in out- 

lining favoaable areas and in eliminutigg @unf'avorable areau, They 

may also be a useful supplement to geological studies in determining; 

factors which control ore depositfon. 

The interprotation of magnetometric data involves considerably 

more than the location of magnetic highs* The complete anomaly and 

the relations of magnetic highs and lows must be taken into consider- 

ation, The form of anomalies and their relation to the deposit or 

structure causing them is governed by many factors, among which are 

the shape, size, depth, orientation and magnetic permeability of the 

deposit or structure. Residual magnetism, if present, will also 

affect the Uom of the anomaliea. Thus, while the significance of 

certain types of anomlies may be indicated by comparison with mathe- 

matically ideal cases, as a r u l e  there are too many unknown factors 

to pennit final interpretations on the basis of theoretical consid- 

erritions alone. It is important, therefore, to correlate magnetic 

anomaJ-:Les with available geologic data, in order to determine their 

significance with certain'ty. In practice, interpretations are made 

first where ccnditions are best known, subsequently they are extended 

to adjacent areas. 



The vel-cical magnetometer apparently is useful, to a greater 

or lesser extent, in prospecting tha majority of interior Alaskan 

placers. Their shape and position niakes the interpretation of 

plaoer anomalies comparatively simple, so that where measureable 

anamlies occur, placers can be located frorn magnetometfic and 

a- & 
surface datp yne, As stated pretiously, subsequent prospecting 

is necessary for purposes of evaluating the ground and determining 

the limits of pay. Since most placer anomalies are relatively 

small, corrections must be made for other anomalies and for varia- 

tions in the eartht8 field which otherwise would interfere with 

their determination. Placer anomalies are generally positive, but 

locally the vertical intensity over shallow placers may be less 

than that over the adjacent areas. 

Magnetometric methods are applicable to the ahdy of many 

problems related to the geology and mineralization of consolidated 

frocks. Tlie extent of their applicability depends on the rock masses, 

as well as on their differences in magnetic pern~eabflity. Gold- 

quartz veins, because of their relatively small masses, can seldom 

be located directly. 

The irregular variations in the earth's magnetic field, charac- 

teristic of high latitudes, increase the difficulty and expense of 

measuring small anomalies. This difficulty could be overcome by the 

de9elopment of instruments and measuring technique adapted to Alas- 

kan conditions. 

Because of smaller variations in the earth's field during the 

winter, this period is the most suitable time for measuring small 

anomalies, despite the fact that cold weather decreases the speed of 

filld work. 'me chief disadvantage, of winter work is that surface 

studies cannot be made in connection with the magnetometric survey. 



The Applications of Direct-Current Reeistivity Methods 

Resistivity methods are based on the existence of differences 

in the electrical conductivity of different rocks and minerals. In 

practice it is convenient to express electrical conductivity in the 

form of resistivity, which is the recfproual of specific conductiv- 

ity. Pa this report resist1vities;are give in ohm-cm., that is, the 

resistivity of one centimeter cube of the substance in question, 

when measured between two opposite faces, 

The direct-current resistivity method has been used for various 

ty-pes of subsurface exploration, such as the search for metalli- 

Perous deposits and the determination of depth to bedrock and to 

underground water.' It is probably. beut suited to investigations 

30r de~criptions of various application8 of resistivity methods aee : 
Colorado School of Mines Quarterly, Vol. 24, No. 1, March 1929, 
and'Vol. 32, No. I., Jan. 1937; Canadian Department of Mines Memoir 
165, 1931, and Memoir 170, 1932; American Geophysical Union Trans. .- 
of 1939, Part 111, pp, 280-298, 1939; and the geophysical publi- 
cations of the U. S. Bureau of Fdines and of %he Am. Inst. Min. and 
Met. Ehg. 

- - - - - - -  - 

where the disconformities are approximately horizontal, but it has 

also been used sucoesafully for the purpose of tracing more or less 

vertical disconfomities, such as steeply dipping faults and contacts 

betwoen fomations. In this investigation the practicability of the 

method m s  tested on a variety of problems, chief of which were the 

outlining of areas of permarlently frozen ground, determination of 

depth of overburden and location of underground water. Most of the 

work was dons on permanently frozen ground, since this material con- 

stitutes an important portion of the overburden in interior Alaska, 

and since relatively little is known of its depth and areal distri- 

bution. The study of structural. features of the bedrock received 



re:Latively l i t t l e  a t t en t i on ,  p a r t l y  because of l ack  of time and 

palay because rnagnetometric methods,are usually be t t e r  sui ted t o  

t h i s  type of investigation.  

The passage of current  through poor conductors such as rocks 
1- , 

i s  e f f h t e d  almost e n t i r e l y  by t h e  magration of ions contained i n  

tho water t ha t  permeates the subsurface, and f o r  t h i s  reason. the  

r e o i s t i v i t y  of both consolidated and unuonsolidated rooks depends 

t o  a grea t  extent on t h e  moisture, content. Wet, swampy overburden 

generally has a low r e s i s t i v i t y ,  while tha t  of wel l  drained, re la -  

t i v e l y  dry material  i s  high. Similar ly ,  pemus rocks o r  rocks 

traversed by numerous cracks o r  j o in tm  containing moisture have 

a lower r e s i s t i v i t y  than dense, hard rocke. 

Small samples of dry rocks may have r e s i s t i v i t i e s  a s  high 

a s  10" ohm-cm., whereas t he  r e s i s t i v i t y  of s imi la r  rocks, measured 

i n  s i t u  w i l l  seldom be g r ea t e r  than a few hundrod thousand ohm-cm. 

Hence laboratory determinations of r e s i s t i v i t i e s  may be m i s l e a d i x  

W e s s  aaoompanied by descr ipt ions  of condition8 under which the 

measuremen~ts were made. 

Pr&liminary determinations i n  t h e  Fairbanks D i g t r i o *  iqn . 

dicated that t he  apparent r e s i s t i v i t i e s  d i f f e r  considerably from 
L' .- 

those of approXimately s imi la r  mate r ia l  i n  lower l a t i t udes .  S t  was 
-- 

e 
decided, therefore ,  t o  make f g e d  measurements i n  a number of L 

- 
l o c a l i t i e s  f o r  t he  purpose of determining the r e s i s t i v i t i e s  of t he  

varioun types of mater ia l  encountered i n  i n t e r i o r  Alaska. Several  

hundred measurements were made i n  t h e  Fairbanks, Livongeod and 

C i r c l e  D i s t r i c t s ,  where subsurface oonditions were knom. The 

apparent r e s i s t i v i t i e s  of each type of mater ia l  were calculated by 

I?omana ~ e t h o d l .  The r e s u l t s  a r e  summarized i n  Table . 
f Irwin Roman, How t o  Compute Tables f o r  Determining E lec t r i c a l  



Both smaller and l a r g e r  apparent r e s i s t i v i t i e s  than those 

tabula ted were obtained f r o m  individual  determinations, ainee i n  

determining the  r e s i s t i v i t y  range of each mate r ia l ,  the  mean of 

a number of determinations made i n  each small a rea  was taken a s  

t he  apparent r e s i a t i v i t y  of t he  niaterial i n  t h a t  area,  The values 

represent  thb r e s u l t s  of f rom10 t o  over 50 measurements of each 

type of mater ia l ,  usua l ly  made i n  a number of l o c a l i t i e ~ l  and there-  

f o r e  may be considered t o  be t yp i ca l  f o r  t he  various mater ia ls  

on which measurements were made. However, somewhat d i f f e r en t  

values may be obtained i n  o ther  Loca l i t i e s  where condit ions m y  

d i f f e r  from those encountered i n  t h i s  invest igat ion.  

The l a rge  var ia t ions  i n  t ho  r e s i s t i v i t i e s  of thawed sil t  a r e  

accounted f o r  by var ia t ions  i n  t he  moisture content  of the  near- 

surface  material .  iX general  t h e  surface i n  val leys  and on l e v e l  

ground rq@@ne rnoist o r  wet throughout t he  summer, while on w e l l  L-- - 
drained h i l l s i d e s  and r idges  t h e  surfsce  may be nearly dry  much 

of the  t i m e .  A t  depths greater that  5 f e e t ,  where the  moisture 

content i s  -_,more uniform than a t  t he surface,  the re  was 

l e s s  va r i a t i on  i n  r e s i s t i v i t y  and t h e  values were u u a l l g  c lo se  

t o  11;000 ohm-cm. 

Fine gravel  has a lower apparent r e s i s t i v i t y  thah coarse 

ma t e r i a l ,  poesibly because the  moisture in the  f i n e  gravel  contains 

a higher proportion of dissolved s a l t s .  The r e s i s t i v i t y  of  gravel  

and sand was found t o  decrease with increased modsture content 

u n t i l  t h e  sa tu ra t ion  point wes approached, while t h e  r e s i s t i v i t y  

of gravel sa tura ted with water was considerably higher. The high 

r e s i s t i v i t y  of water-bearing gravel ,  compared with t h a t  of merely 

moist g rave l ,  is a t t r i bu t ed  t o  t he  smallor proportion of dissolved 

6zts  i n  the  former. 



The I - e s i s t i v i t i e s  of thawed unconsoliaated overburden a r e  

higher than thoae of moist overburden i n  lower l a t i tudes .  These 

high values are apparently t he  r e s u l t  of d i f fe ren t  condit ions 

which control  erosioo, md deposition, together with lower tempera- 

tures  of the near-surface material .  Rock weathering i n  i n t e r i o r  

Alaska i s  accomplished pr incipal ly  by freeaing and thawing, and 

t h i s  process also plays an important par t  i n  t he  t ranspor ta t ion 

of rock debr i s  fmm t h e  h i l l s i d e 8  t o  the  val leys .  Chemical and 
blbc h e r n i a l  
=baekrM prooesses play a minor ro l e  i n  rock weathering, because 

of low temperature, scant  r a i n f a l l  and r e s t r i c t e d  underground 

c i rcu la f ion  of water. The r e s u l t  is  tha t  much of the overburden 

consis t8  of  unaltered,  comminuted rock fragments and contains 

r e l a t i v e l y  mall amounts of dissolved s a l t s  and clay.  Because 

cxrrent i s  conducted through moist material  mainly by e l ec t ro ly s i s ,  

smaller amounts of dissolved salts result i n  higher r e s i s t i v i t i e s .  

S i n i l a r l y ,  the Low temperature of the ovsrbuden increases i t s  

r e s i s t i v i t y ,  d a c e  the resistance of an electrolyte t o  the passage 

of a current inoreases wi th  decreased temeprature. 
I* 



Magnetometric Survey Methods and Costa 

A b r i e f  descr ip t ion of t h e  methods used i n  making a mag- 

netomotric survey i n  I n t e r i o r  Alaska w i l l  be necessary a t  t h i s  

point ,  s ince  c e r t a i n  problems and conditions pecu l ia r  t o  t h i s  

region a r c  not  discussed i n  the  excel lent  general  t r e a t i s a s  on 

the  use of t he  magnetome%er. 1 

I 
J,  W. Joyce, Manual on Geophysical Frospecting with t h e  Magneto- 
met o r  : American Askania Corp . , Houston, Texas, 1930. -- 
C. A. Heiland, C o n s t r u c t i b ,  Theory and Application of Magnetic 
8iel.d Balances: - Bull.  Am. dssoc. Petroleunl Geol., vol. 10, 1926, 
pp. 1189-12000 

M. C. ALexanian, P r a c t i c a l  Rules f o r  the  Use o f  t h e  Magnetometer 
i n  Geophysical Prospecting: U. S. Bureau of Mines Information 
Ciruular  6527, 1931, Transla tedmby W. Ayvazoglou. 

- 
Pl.acex. Prospecting Methods -- 

Prospecting for buried p lacers  with the  a id  of the magne- 

tometer involves t he  co l l e c t i on  and cor re la t ion  of da t a  obtained 

from geologic invest igat ions ,  magnetometric surveys, aud d i r ea t  

prospecting. The im1)ortance o f  t he  magrretometric da t a ,  compared 

with t h a t  obtained from other  sources, depends pr imar i ly  on how 

closely  t he  magnetic anomalies i nd i ca t e  the  loca t ion  of t h e  placer  

and the  va r i a t i ons  i n  gold values within t he  placer .  The various 

s.teps i n  t h i s  method a r e ,  then, t h e  preliminary geologic study, 

t he  magnetometric survey, the  preliminary i n t e rp r e t a t i on  of anoma- 

l i e s ,  d i r e c t  prospecting and t h e  f i n a l  i n t e rp r e t a t i on  of anomalies. 

Assuming a knowledge of the  geology of t he  region as a whole, 

a more de t a i l ed  study of the  l o c a l i t y  seledted f o r  . . prospecting . . 

should predede t he  magnetometric survey, i n  order  t o  determine a s  

much as poss ible  concerning bedrock s t ruc tu re ,  the  sources o f  gold 

and of magnetic minerals ,  and the physiographic f a c t o r s  af fedt ing 



the deposi t ion of placera.  Za many a reas ,  the  amount of infoma-  

t ion  der ivable  gram a surface  study is  l imited,  because of the 

presence o f  unconsolidated overburden, but it i s  seldom tha t  some 

information cannot be obtained concerning the  s t r i k e  and dip  of 

bedrock, t he  approximate locat ion of contacts ,  and the  general  

s t r i k e  of f a u l t s  and veins. Dumps from old prospect holes,  if 

present ,  w i l l  fu rn i sh  da ta  on bedmck, gravel ,  and approximate 

depth of overburden. Xineralogical  s tud ies  of p lacer  gravel  w i l l  

of ten  f u r n i s h  information concerning bedrock changes and sources 

of' gold and o ther  economic minerals, The r e l a t i v e  amounts of 

magnetic minerals i n  t he  gravel  and the  bedrock should be deter-  

mined when samples a re  avai lable ,  

Reconnaissance t raverses  should then be run t o  determine i f  

maasurable anomalies a r e  associa ted with p lacer  concentrations. 

The t r ave r s e  l i n e s ,  may be spaced 1000 f e e t  o r  more apakt, and 

should be located where bedrock anomalies a r e  small. The spacing 

of the magnetometer s t a t i o n s  on t he  t raverse  l i n e s  i s  governed 

by t he  probable width of t h e  paystreak. The i n t e r v a l  between 

s t a t i ons  should be shor t  enough so  t h a t  important anomalies w f l l  

not be missed, but a l so  long enough t o  permit covering the area  

with a minimum number of magnetometer read ims .  I n t e rva l s  of 100 

to  200 f e e t  a r e  usually sui table .  

If lneasurable anomalies, apparentl-y associa ted with a p lacer ,  

a r e  found, add i t iona l  t r averses  should be run i n  order  t o  determine 
)c 

$heir  approfimate extent .  The t raverse  l i n e s  may be spaced from 

t 
200 t o  500 f e e t  apa r t ,  and the  %ation i n t e rna l  may be from 50 t o  

200 f e e t ,  depending on t he  l a t e r a l  extent  of t he  anomalies, A de- 

t a i l e d  survey should then be made of the  a rea  containing the  sup- 

posed p lacer ,  by means of a network o r  checkerboard of magnetometer 

s t a t ions .  The s t a t i o n s  should be pJaced so t h a t  the  form and extent  



of the  anomaly can be delineated.  By l i m i t i n g  these  de ta i l ed  

measurements t o  areaB t h a t  show p lacer  anomalies, much time can 

be saved. I n  addi t ion,  de ta i l ed  measurements should be made 

over known changes in bedrock t h a t  may cross the  placer ,  and 

ce r t a i n  t r averse  l i n e s  should be extended f a r  enough bn both 

s ides  of the placer  so t h a t  the  pos i t ion  and magnitude of un- 

suspected bedrock anomalies can be determined. The e f f e c t s  of 

l oca l  topographic anomalies should be .liimilarly determined, 

Magnetometer s t a t i o n s  need not  be located with extseme pre- 

cision. When only a few shor t  t r averses  a r e  t o  be run, the  s t a -  

t ions  may be located by means of a surveyorts  compass and by 

pacing. ]?or most p l ace r  surveys, a surveyor's compass and a 100- 

foot  s t e e l  tape  a r e  s a t i s f ac to ry ,  When the a rea  covers severa l  

square miles  control  points--established by means of t r a n s i t  and 

tape--should be s e t  up i n  order t o  avoid l a rge  cumulative e r ro rs .  

Traverse l i n e s  and networks of s t a t i o n s  may then be l a i d  out  from 

these po in t s  by l e s s  exact  methods. All s t a t i ons  should be marked 

by blazed stakes.  The r e l a t i v e  elevations of t he  s t a t i o n s  on 

t raverse  :Lines, f o r  use i n  p lo t t ing  v e r t i c a l  cmss-cections,  may 

be determined with s u f f i c i e n t  accuracy by handQleveling. I n  most 
. - 

cases, a  rough topogrlaphic map should be prepared, using the  e le -  

vations of t he  magnetometer s t a t i o n s  f o r  control ,  m d  showing t he  

Locations of magnetometer s t a t i o n s  and of geologic and o ther  per- 

t inent f eutures  . 
Preliminary i n t e rp r e t a t i on  i s  made f o r  t he  purpose of deter-  

minirq: t he  most favorable loca t ions  f o r  d i r ec t  prospecting. AB 

a id s  l;o preliminary i n t e rp r e t a t i on ,  geologic, magnetometric and 

to$ographic da ta  should be p lo t t ed  on one o r  more maps. Ver t i ca l  

magnetic anomalies may be shown by means of t r averse  p ro f i l e s  o r  

by isodynmic contour maps! al though the  effectivemess of the 



latter method is llmited because of the erratic nature of many 

pl-acer anomalies. Additional traverse profiles and isodynamic 

contour maps, corrected for the effects of bedrock and topo- 

graphic anomalies, should then be made for the purpose of de- 

terming the locations, shape and magnitude of the placer anoma- 

Ly as a whole. 

Direct prospecting should ordinarily be started as sson as 

sufficient detailed magnetometric work has been completed to per- 

mit preliainary interpretation of  part of the placer anomalies, 

so that magnetometric and prospecting data may be oorrelated while 

the geophysicist is still in the field. If prospect holes,-- 

sunk in several parts of the area shwing placer anomalies, indi- 

cate that;the ground is not sufficiently rich to mine, direct 

prospecting may be discontinued with reasonable assurance that 

richer ground has not been missed. That is, it is not necessary 

to completely crosscut the whole area, because the magnetometric 

interpretations, if correctly made, have justified the eliminating 

of the leus promising parts of the plaoer. On the other hand, if 

the gold values are sufficiently high, the plaoer should be outlined 

by direct methods. Where the agreement between placer anomalies 

and gold values is reasonably close, detailed prospecting may be 

confined to determining the working limits of the pl-acer and only 

an occasional check-hole is necessary in the richer ground or in 

the barren areas. 

Final interpretation involves the oorrelation of geological 

and geophysical data with that obtained subsequently by direct 

prospecting. The various significaftt relationships--those, for 

example, existtng between vertical anomalies, gold values, mounts 

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



bedrock-can ordinarily be represented graphically, either by 

means of profiles or by areal maps. In some cases, following 

correlation of vertical anomalies and known gold values, gold 

values in adjacent areas can be determined approximately f r o m  

magnetometric data alone. 



laethods pertaining t o  o ther  problems. 

The general  procedure i n  ou t l in ing  s t ruc tu ra l  and other  

fea tu res  of consolidated rocks i s  s im i l a r  t o  t ha t  enlployed i n  

p lacer  prospecting. Following t he  preliminary geological  study, 

the  form and s i z e  of anomalies should be determined by means of 

magnetometer t r averses ,  run where condit ions a r e  bes t  known. 

I f  measurable anomalies a r e  obtained, t he  survey should then be 

extended t o  unknown a reas ,  f i r s t  by t raverses  t o  ou t l ine  t he  

general d i r ec t i on  and extent  of the fea tu re  i n  question, and l a t e r  

by de t a i l ed  measurements. 

In t he  absence of su f f i c i en t  g iological  data  obtained f r o m  

surface s tud ies ,  prospect holes,  o r  mine records, a unique solu- 

t i o n  may not be obtainable from magnetometric measurements alone. 

Logical so lu t ion  of a problem w i l l  o f ten  be expedited by comparison 

of r e s u l t s  with those obtained from magnetometric inves t iga t ions  

of s imi lar  problems i n  o the r  regions. The l i t e r a t u r e  on geophysi- 

c a l  prospecting contains numerous examples of magnetometer surveys, 

showing the  forms of anomalies and t h e i r  r e l a t i ons  t o  subsurface 

J 1 !bodies o r  s m t u r a l  f e a tu r e s ,  Phere d i r e c t  prospecting for t h e  

]I 
For a l i s t  of references  see Geophysical Abstracts ,  issued quar- 
t e r l y  aince 1936 by t h e  U. S. Geological Survey, and issued month- 
l y  by the  U. S. Bureau of Mines p r i o r  t o  1936; o r  Geophysical 
Section of t he  Anno-aphy on Economic Geology, publish- - --- 
ed by Economic Geology Publishing Co., Lancaster, Pa. 

- -  ~ 

purpose of checking magnetometric r e s u l t s  is  expensive and imprac- 

t i c a l ,  it may be necessa:y t o  use addi t ional  geophysical methods 

i n  order t o  obtain a lmgical  so lu t ion  of the  problem. 



The influence of cl imate on magnetometric methods. 

The sho r t ,  warm summers and long,  cold winters character is -  

t i c  of tho subarc.tic;regions of i n t e r i o r  Alaska tend t o  impose 

seasonal 1.iiiilations on magnetic prospecting. Bowever,;,because 

of the more i r r egu l a r  magnetic condit ions t ha t  p reva i l  during t he  

summer months, and because sf d i f f i c u l t  working condit ions i n  

many a reas  when the  surface  i s  thawed, magnetometer surveys may 

a t  times be ca r r i ed  out advantageously during cold weather. 

The advantages of summer operat ions  a r e  that t h e  magnetometer 

can be operated with g r ea t e r  speed, and preliminary surface s tud ies  

can be made which can be checked immediately by magnetometric 

measurementp. Similar ly ,  anomalies can be read i ly  checked by pros- 

pecting. 

The disadvantages a r e  t h a t  t he  ea r th ' s  magnetic f i e l d  i s  l e s s  

uniform than  i n  the  winter, and t h e  condition of' t h e  ground i s  

of ten  such that accurate measurements a r e  d i f f i c u l t  t o  obta in ,  

Large a reas ,  pa r t i cu l a r l y  i n  mature p lacer  regions, are e i t h e r  

swampy during the  summer, o r  a r e  covered by a t h i ck  mat of moss 

which;is under la in  by frozen much and peat ,  Under these  condi- 

t i ons  it may be inposs ible  t o  ob ta in  correct  readings, because 

the  i n s t m e n t  is disturbed by the  s l i g h t e s t  movement of t h e  opera- 

t o r ,  o r  bediause the  f rozen ground i n  contact  with the  f e e t  of t h e  

tr ipod permits  the  i n s t m e n t  t o  s e t t l e .  Where a bulldozer is 

avai lable ,  the  d i f f i c u l t i e s  a r r i s i n g  from the  presence of moss 

and underlying frozen s o i l  may be e l h i n a t e d  by s t r ipp ing  o f f  the  

surface moss on the t r ave r s e  l i n e s ,  which w i l l  permit the muck t o  

thaw su f f i c i en t l y  so t h a t  s t ab l e  se tups  can be obtained. St r ipping 

with a bulldozer o f f e r s  the  add i t iona l  advantages of e l iminat ing 

brushing and enabling the  s t a t i ons  t o  be located more quickly.  



'I'he advantagesof carrying out  magnetometer surveys during 

the  winter  a r e  t ha t  more accurate measurements a r e  possible be- 

cause of more ~ u l i f o m  magne%ic condit ions,  and t h a t  t r ave l  over 

much of t h e  country i s  ea s i e r  when tho surface id frozen; i n  . 

f a c t  many regions could not be prospected a t  any other  time 

Because of swampy conditions. 

The chief disadvantages of winter  operations a re  t ha t  t h e  low 

temperature and short  daya, eapecia l ly  in December and January, 

decrease t he  speed of t he  f i e l d  work, and t he  snow-covered,;<fro- 

zen ground does not permit an accompanying surface study Lo be 

ca r r ied  out .  It has been found, however, t h a t  magnetometric 

measurenients can be made f a i r l y  rapidly  i n  temperatures a s  low 

as -30' F. Below -300 F. ,  manipulation of the  instrmpfent and 

note tak:ing become slower, and t h e  cos t  of f i e l d  work increases 

correspondingly. Ordinari ly,  t h e  cost  of f i e l d  work during t he  

ea r ly  a d  l a t e  winter months should be only s l i g h t l y  higher than 

during warm weather, but during December and January, t he  combined 

l i ahd iaa~  of low temperature and short days tend t o  increase c o s t s  

considerably . 
Another undesixal)le f ea tu r e  of oold weather f i e l d  work i s  t h a t  

the low temperatures cause the  metal case of the magnetometer t o  

contract  a t  a d i f f e r en t  r a t e  from i t s  enamel coating,  with. tho 

r e s u l t  t h a t  some of the  enamel may peel  o f f ;  Eowever, the  e f f e c t  

on t h e  operation of t h e  instrument i s  negligible.  Trouble may 

also  be experienced during snow storms when snow f a l l s  on the  

op t i ea l  nystem of the instrument. This may be remedied by f i t t iq 

a l i g h t  canvas cove2 over the  instrument tha t  w i l l  keep the o p t i c a l  

sy$tsm f r e e  from show, and a t  t h e  same time pexlnit readings t o  be 

taken. Other precautionary measures a r e  tha t  t h e  moving pa r t s  of 



the magnetometer must be lubricated with a light oil that w i l l  

not congeal at low teml~eratures, and that the instrument must not 

be brought into a warm place during winter operations, because 

rapid temperature changes will permit frost or moisture to con- 

dense on the magnet syatem and may alter its sensitivity and other 

The type of investigation and local conditions are the main 

factors in determining the most favorable season for carrying 

out magnetometric surveys. Where swampy conditions make an area 

difficult to reach in summer, the work must necessarily be carried 

out when the surface is frozen. This forced postponement may be 

utilized to advantage if the tmrk is planned so that the geobogicaJ. 

investigation is made in summer, and the magnetic survey in winter, 

since small anomalies can be measured more accurately in winter. 

Large anomalies can usually be advadit~igeously investigated during 

the summer months, their measurement being relatively less affect- 

ed by disturbed magnetic conditions, and immediate correl.eation 

of anomalies and geologic cause being possible at this time. The 

short autumn, from September through part of November, is usually 

the most favorable time for all types of magnetometric surveys, 

because during this period c~nditions are most favorable for 

surface investigation, and magnetic stoms are less frequent than 

during the summer. 



The ppeed and cost of magnetometric surveys. 

Tbe time required to complete a magnetometric survey, and 

the cost of tho work, depend on the accessibility, surface don- 

ditions, and size of the area, aswell as on the purpose of the 

survey. Progress will be more rapid and costs lower in easily 

accessible and open country, than in inaccessible, swampy, or 

rugged areas. The speed of the ljurvey also depends on the station 

interval and the amount of detail required. !I?hus, in reconnai- 

sance surveys, *ere the station intergal is large, the cost per 

station is comparatively high and the cost per acre is low, while 

the opposite is true In detailed surveys, where tlhe stasion in- 
I 

terval is small. Other factors remaining equal, the costsper 
/ 

sta1;ion and per acre are less for large-scale than for small-scale 

surve y s . 
111 measuring moderate-sized or small anomalies, about 4 

minutes are required to set up the magnetometer and complete a 

set of readings,under favorable conditions. When the ground is 

swampy or conditions are otherwise unfavorable, from 8 to 12 

minutes may be required, because of difficulties encountered in 

setting up %he instrument and keeping it level. When the station 

interval is about 100 feet, from 6 to 12 stations can be occupied 

in an hour, while the daily total will vary between 40 and 70. 

However, when using a single magnetometer, the daily total of new - 
stations is usually from 30 to 50, because of the necessity of 

checking back to a base station, 

Joyce stetesl that in the United States, "in structural 

geology, the field expense per acre will not run more than one or - 
two cents, while the cost per station will vary from $1.00 to $1.50 

at the most. In mining surveys tho cost per acre Kill be much 



higher due to the close station interval normally used for such 

war$ while the expense per station will be correspondingly 

sma:ller.w According to the American Askmlia Corporation of 

Houston,  exa as, the monthly eqenses of maintaining a large, 
completely equipped f iield party in the United States is $1255'.40.2 

This includes the salaries and expenses of 3 observers, and 

operating expenses and depreciation of 3 magnetometers, 1 auto- 

matic recording outfit;, and 3 fie1.d cars. Cost are higher in 
- - 

1 
Work cited, p. 83. 
Engineering and Mining Journal, Vol, 125, No, 17, 1928. 

interior Alaska than in continental United States because of higher 

wages and living expenses, and because less favorable climatic and 

magnetic conditions decrease the apeed of field work. 

The field =oats given here are based on the results of small- 

scale experimental surveys made with u single magnetometer. The 

field crew consisted of an observer and a recorder, Since there is 

no precendent regarding salaries of observers and recorders in 

Alaska, these have been arbitrarily fixed at the approximate rates 

paid by private organizations for requiring a similar degree of 

training. The expensep of brushing out traverse lines, locating 

magnetometer stations, and mapping the areas, is not included in the 

cost data given hers since this ~hould ael be cbargcfpartlY A. to the 

preliminary surface investigation and to the direct prospecting, 

as well as to the magnetometric survey. The expense of maintaining 

a field car is included, since it was used during most of the f i B l d  

work. 

The cost of magnetombtric equipment is:' 

1 vertical mametometer ....,.,.,..............e..~.. $1,114.00 
1 Helmholz coil for scale value determination........... 185.00 



34 
1939 prices of Askania equipment, F. 0. B. Houston, Texas. 

The cost of field work per day is: 

Salary of operat~r,.........,........~............... ..#15.00 
Salary of recorder.........,.........,......,........ 7.00 
Living expenses for two men..........,................ 6.00 
Maintancence cost of one field car.......,.........,.. 4,00 

Based on the above data, the cost per station is from 

$0.64 to $1.07, which is higher than the commonly accepted costs 

of detailed sruveys in other regions. The use of two magnetometers 

would permit the occupation of from 10 to 20 more stations each day, 

which would materially reduce both tho cost  per station and the 

cost per acre. 



Ti I-~F.TLICI;TION OF .~I:.GX-TIC RESI5TI-;IT'Y :JE'MOI)S IIT IWTE2IOR AL P S K A  

In t roduc t ion  

In J u l y ,  1939, t h e  Department of ::lines inapgurated an experiments1 

geophysical  program f o r  t h e  purpose of determining t h e  a p p l i c a t i o n s  of ve r -  

t i c a l  magnetometer and d i r e c t  c u r r e n t  r e s i s t i v i t y  methods t o  t h e  s tudy  of 
5 l r r C 0  

problems r e l a t e d  t o  prospec t ing  and mining. & l i t t l e  prev ious  work had 

s~rrce 
been done, t h e  r e s u l t s  of which a r e  a v a i l a b l e ,  ancla-s cond i t i ons  a r e  i n  

gene ra l  d i f f e r e n t  from those  ex ix t ing  i n  lower l a t i t u d e s ,  it was cons idered  
I ma Ke a 
/ advisable  t ~ ~ g e n e r a l  s tudy of  t h e  p o s s i b i l i t i e s  and l i m i t a t i o n s  of t h e  two 

methods, r a t h e r  t han  a  d e t a i l e d  s tudy  of any one problem. 

.r - Geophysical prospec t ing  methods a r e  i n d i r e c t ,  a s  compared t o  t h e  t 
d i r e c t  methods of s h a f t  s ink ing  o r  d r i l l i n g .  By t h e  l a t t e r  methods samples 

L 1 of t h e  minera ls  sought a r e  made availabbe f o r  d i r e c t  examination, if t h e  

prospec tor  i s  f o r t u n a t e  enough t o  s i n k  i n  t h e  r i g h t  p lace .  By geophysical  
o, f h r  ofher b*d ,  

m e t h ~ d s ~ c o m p a r a t i v e  measurements of t h e  phys i ca l  p r o p e r t i e s  of t h e  sub- 

s u r f a c e  a r e  made t o  determine t h e  l o c a t i o n  of unusual o r  anomalous condi- 

t i o n s  r e s u l t i n g  from such t h i n g s  a s  mine ra l  depos i t s ,  underground wa te r ,  

f a u l t s ,  o r  o t h e r  bedrock f e a t u r e s .  The l o c a t i o n  and causes  of anomalous 

cond i t i ons  i.n t h e  eartl ismagnetid f i e l d  and i n  t h e  e l e c t r i c a l  r e s i s t i v i t y  
..,-+' 

SecauSs  

of t h e  subs.;rface were ch i e f  concerns of t h i s  i n v e s t i g a t i ~ n . ~ f n t e r p r e t a -  

t i o n s  based on t h e s e  i n d i r e c t  nethods must be g e o l o g i c a l l y  possible ,  

&!%5%%~8, cons ide rab le  a t t e n t i o n  was pa id  td~ ga the r ing  such g e o l o g i c a l  

evidence a s  could be obta ined  from bedrock exposures,  p rospec t  s h a f t s  and 

d r i l l i n g  d a t a ,  f o r  t h e  purpose of  c o r r e l  ~ t i n g  t h e  geophysical d a t a  w i t h  . -  

t h a t  ob ta ined  by d i r e c t  observa t ion .  . _, 

C 

?'he v a l u ~  of geophys ica l  methods i n  prospect ing i n c r e a s e s  i n  pro- - 

p o r t i o n  t o  t h e  c l i f f i c u l t y  o f  ob ta in ing  information by o t h e r  methods. W e y  



W h e r e .  dr://r'ns p 

~ - a & + p m ~ ~ ~ ~ e r e  a r i i i i n g  o r  pTcting i s  cheap %HB 

but  add^ Where d i r e c t  p rospec t ing  i s  slow and expensive, due, f o r  example, 

t o  t h e  presence of  t h i c k  overburden, geophysical. methods may i n  many cases  

g r e a t l y  decrease  prospec t ing  Lime and c o s t s .  Thuy cannot r ep l ace  d r i l l i n g  
-Fag 

f o r  t he  purpose of  eva lua t ing  ground, but,may, Eunong o t h e r  t h i n g s ,  e l imi-  

n a t e  much d r i l l i n g ;  i n  unfavorable  a r e a s  and give? information concerning 

depths  of overburden, a t t i t u d e  of bedrock, o r  s t r u c t u r a l  f e a t u r e s  of  

bedrock, 

This r e p o r t  desc r ibes  t h e  problems encountered and g i v e s  t h e  r e s u l t s  

of t he  i n i t i a l  experimental  work. Some of t h e  prboblenls have a s  y e t  rece ived  
hafe beerr ;uvpad;BofrbZ s u + ' f ' ~ , ' c , i ~ + v  

insui'f i c i e n t  a t t e n t i o n ;  o t h e r s : , = & - + s -  t o  enable  con- 

c l u s i o n s  t o  be dravm a s  t o  t h e  a p p l i c a b i l i t y  of t h e  methods used. Technica l  

terms and t h e o r e t i c a l  d i s c u s s i o n s  a r e  g e n e r a l l y  avoided, a l though f o r  t h e  

sake  of b r e v i t y  a c e r t a i n  amount of t e c h n i c a l  terminology is  necessary.  

Fo r  d e s c r i p t i o n s  of g e n e r a l  p r i n c i p l e s  and methods t h e  r eade r  i s  r e f e r r e d  

t o  Applied Geophysics,  by Eve m d  Keys, and t o  t h e  geophysical  p u b l i c a t i o n s  

of t h e  U. S .  i3ureau of k!ines and t h e  American 1 n . s t i t u t e  of >dining and 

Meta l lu rg i ca l  Yagineers. 
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Discuss ion  of Problems 

X l a r g e  p o r t i o n  of i n t e r i o r  Alaska, e s p e c i a l l y  i n  t h e  more mature 

r eg ions ,  is covered by unconsol idated d e p o s i t s  o:f s i l t  and g rave l ,  

ranging i n  t h i c k n e s s  from a  few f e e t  t o  s e v e r a l  .hundred o r  more f e e t .  

The g r a v e l  d e p o s i t s  were l a i d  down by processes  g e n e r a l l y  s i m i l a r  t o  

t h o s e  opera t ing  i n  o t h e r  r eg ions ,  but  t h e  s i l t  and rnuck i n  t h e  v a l l e y s  

and t h e  t a l u s  and rock d e b r i s  on t h e  h i l l s i d e s  a r e  l a r g e l y  due t o  t h e  

a c t i o n  of c l i m a t i c  processes  p e c u l i e r  t o  Alaska a d  t o  r eg ions  of 
a e c n u s p  

comparable geographic l ~ c a t i o n . ~  This b a r r e n  overburden covers  both  

lodes  and p l a c e r s  i n  many p l a c e s ,  t h e i r  e x i s t e n c e G 1 i - o t  -. ._J j 

be i n f e r r e d  from s u r f a c e  i n d i c z t i o n s .  It p resen t s  one of t h e  ch i e f  

d i f f i c u l t i e s  t o  p re spec t ing  and mining. 

be  
The problems which may prof i t a b l y  k d  a t tacked  by geophysical  

A 

methods a r e  t h o s e  r e s u l t i n g  from t h e  presence  of overburden. They a r e  

t o  a l a r g e  e x t e n t  unique t o  i n t e r i o r  Alaska and t o  geographica l ly  

s i m i l a r  reg ions .  33e problems are:  

1. Locat ion  of bur ied  p l ace r s .  
5tdch 

2. Tracing of  bur ied  bedrock f e a t u r e s ,  a s  f a u l t s ,  c o n t a c t s ,  
/\ 

i n t r u s i o n s  and ve ins .  

3. Determinat ion of dep th  of thawed and pemanen t ly  f rozen  over- 

burden and d i s t r i b u t i o n  of permanently f rozen  ground. 

4. Loca t ion  of underground water .  

Geophysical methods may a l s o  be used f o r  o t h e r  purposes t han  t h o s e  

out:Lined. The i nd i ca t ed  problems were s t u e d  because t h e y  a r e  of 

e s p e c i a l  importance i n  Alaska. 



Choice of Methods and Instments - 

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

electrical, seismic, 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 sf field work. The magnetometer and 

direct current resistivity methods were chosen because they possess 

the advantages of being appJicable 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 

I 
cheaply. 1:n addition, a given arqcan ordinarily be covered more rapidly 

I 

by these methods than by other methods available. Some of the other 

~lectrical methods possess advantages similar to the direct current 

resistivity methods, but interpretation of data obtained by the latter 

method usually is simpler. 

A s  both magnetometer and resistivity methods have;been described 

1 
, , ,Gor;~s  o f  opers-l;od r r  

5 elqhere , no attempt will be made here to describe, W field methods. 

J. . Joyce: Manual on Geophyiiical Prospecting with the Xagnetometer: 
herican Askania Corp., FIouston, Texas, 1938 
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Ted LIathews, Ayplication of Geo-resistivity to Placer Exploration: U. of 
Alaska, 1938, Unpublished thesis submitted for degree of Bachelor 
of 1,Iining Ehgineering . 



A d i s c u s s i o n  of magnetic methods and c o s t s  i n  i n t e r i o r  Alaska 

w i l l  be found i n  Appendix 11. Appendix I11 i s  devoted t o  a s i rn i l a r  

d i scuss ion  of r e s i s t i v i t y  methods. 

A ver t ica l .  magnetic f i e l d  balance,  a l s o  known a s  a v e r t i c a l  magne- 

tometer ,  was used f o r  t h e  magnetic measurements, By means of t h i s  t y p e  

of  magnetometer, v a r i a t i o n s  i n  t h e  v e r t i c a l  component of t h e  e a r t h  

magnetic f i e l d ,  termed v e r t i c a l  magnet ic .  anomlies,  a r e  measured. ?Jag- 

n e t i c  anomalies a r e  caused by v a r i a t i o n s  i n  t h e  magnetic pe&eab i l i t y  

of  t h e  e a r t h ' s  c r u s t  and a r e  a s soc i a t ed  wi th  changes i n  compeeition of 

t h e  near -sur face  o r  deeper-seated m a t e r i a l .  I n  a magnetic survey,  t h e  

locat- ion and magnitude of anomalies a r e  determined by means of magne- 

5 
tometer  readings  t aken  a t  app ropr i a t e  p l ace , in  t h e  a r ea .  The a b s o l u t e  

va lue  of t h e  v e r t i c a l  component of t h e  e a r t h  f i e l d  i s  n o t  determined 

i n  t h i s  type of work. 

The s e n s i t i v i t y  of t h e  magnetometer was gene ra l ly  kep t  between 

28 and 30 gammas p e r  s c a l e  divis ion. '  Th i s  s e n s i t i v i t y  was found t o  be 

L L gamma- 10'~ gauss .  A uniform f i e l d  having a n  i n t e n s i t y  o f  1 gauss  
w i l l  a c t  on a u n i t  p o l e  w i t h  a f o r c e  of 1 dyne. 

s a t i s f a c t o r y  f o r  measuring t h e  anomalies o r d i n a r i l y  encountered. The 

s m s i t i v i t y  rias detorrnined by means of a Helmholz c o i l  and millianlmeter,  

1:n t h e  f i e l d  t h e  s e n s i t i v i t y  was checked f o r  v a r i a t i o n s  by s tandard  magnets 
\ 

9,c which a r e  supp l i ed  wi th  a l l  f i e l d  ins t ruments  of t h e  type  1 
I 

r e s i s t i v i t y  of  t h e s l b s u r f a c e  i s  determined by passing a c u r r e n t  through , 

t h e  ground and measuring t h e  p o t e n t i a l  drop a t  var ious  p o s i t i o n s  on t h e  

C - su r f ace .  There a r e  s e v e r a l  commonly used spac ina  f o r  t h e  e l e c t r o d e s  I 
through which t h e  c u r r e n t  i s  introduced and f o r  o t h e r : e l e c t ~ o d e s  by which 

t h e  p o t e u t i a l  d rop  is measured. The spacing found most g e n e r a l l y  s u i t a b l e  

was f i r s t  suggested by D r .  E. W. Lee, and is knovm a s  t h e  l l F a r t i t i o n i n g  



b 
F. i'b. Lee, U.  S. Bureau of Xines,  Informat ion  C i r c u l a r  6171, 1929 

From a knowledge of t h e  p o t e n t i a l  d i s t r i b u t i o n  a t  t h e  s u r f a c e ,  

changes i n  t h e  r e s i s t i v i t y  of t h e  subsurface due t o  changes i n  composition 

of  subsurface m a t e r i a l ,  may be determined, and t h e  depths  of t h e  changes 

may be more o r  l e s s  a c c u r a t e l y  c a l c u l a t e d .  

D i rec t  c u r r e n t  r e s i s ' t i v l t y  equipment c o n s i s t s  e s s e n t i a l . 1 ~  of a 

d source  of c u r r e n t ,  u s u a l l y  by '+BVt b a t t e r i e s ;  a m i l l i m e t e r  f o r  

measuring t h e  cur ren t :  two meta l  s t a k e s  o r  e l ec t rodes  f o r  making c o n t a c t  
* ; 5  s ju;pws*f  

w i t h  t h e  ground;and s u f f i c i e n t  i n s u l a t e d  wire  t o  c o n n e c t A ~  i n  

s e r i e s .  I n  a d d i t i o n ,  a poten t iometer ,  connected t o  two non-polar izable  

e l e c t r o d e s  by i n s u l a t e d  wire ,  is  necessary  f o r  measurement of p o t e n t i a l  
o, +he surface * .  

dropsA The instrument  used i s  hewn as a geascope.Z It i s  a mod i f i ca t ion  
- 
' F o  8. Lee, U. S .  Bureau of ?dines, Information C i r c u l a r  6899, 1936, gp. 10-14 

- .  - 
- 
of  t h e  usua l  r e s i s t i v i t y  equipment and w a s  designed t o  s in lp l i fy  c a l c u l a t i o n s X  

- s n d  t o  i nc rease  L h e  s2eed o f  f i e ,d  'uior!~. 



Out l ine  of 'dark 

F i e l d  vrork wi th  t h e  magnetometer and geoscope was c a r r i e d  out  from 

J u l y  t o  December, 1939, i n  t h e  Fa i rbanks ,  Livengood, and C i r c l e  D i s t r i c t s .  

During J u l y ,  October,  November, and December t h e  f i e l d  p a r t y  cons i s t ed  

of t h e  w r i t e r  and one a s s i s t a n t .  During August and September tk i r~dd~b( l ;s* /  

a s s i s t a n t s  were a t t ached  t o  t h e  f i e l d  p a r t y .  

A s  i nd i cz t ed  previous ly ,  l i t t l e  d e t a i l e d  work was done. The main 

purpose of t h e  program was t o  l e a r n  a s  much as poss ib l e  i n  t h e  tirae a v a i l -  
kvlcerning 

a b l e ,  & t h e  a p p l i c s t i o n s  of t h e  two methods t o  a wide v a r i e t y  of problems. 

R e s i s t i v i t y  measurements were made f o r  t h e  purpose of o u t l i n i n g  

+he 
:frozen and thawed a r e a s  and determining, thickness  of overburden i n  t h e  

v i c i n i t y  of Fa i rbanks  and Col lege ,  and on E s t e r ,  1:Jolf, and Happy Creeks 

i n  t h e  Fairbanks D k s t r i c t ;  on Livengood Creek and Hess River  i n  t h e  

Livengood D i s t r i c t ;  and on Por t age ,  Deadwood, and 84ammoth Creeks i n  t h e  

C i r c l e  D i s t r i c t ,  I n  a d d i t i o n ,  e l e c t r i c a l  soundings a t  dep ths  up t o  600 

:feet were made i n  t h e  deep overburden i n  t h e  Tanana Val ley  near Fa i rbanks  

and i n  t he  Bi rch  Creek P l a t s  n e a r  C i r c l e  Springs.  Other r e s i s t i v i t y  

i n v e s t i g a t i o n s  included sea rch  f o r  underground water  n e a r  College and 

a t  E s t e r  and s t u d i e s  of f a u l t s  covered by overburden a d a r  Cleary  Creek. 

Magnetometer surveys were r u n  concur ren t ly  wi th  r e s i s t i v i t y  me su re -  
[ 

ments when f o u r  men were a v a i l a b l e ,  and dur ing  October and November when 

t h e  pa r ty  cons i s t ed  of two nen. The magnetometer work included surveys  

f o r  t h e  purpose of l o c a t i n g  p l a c e r s  on Hess River  and on Livengood, 

Por tage ,  Deadwood,  lammo moth, Bedrock:, and Eappy creeks.  Tke r e s u l t s  of  

prev ious  m g n e t i c  surveys of i,ioose Creek, t r i b u t a r y  of Goldstream Creek, 

and Teuchet Creek, t r i b u t a r y  of Chena River ,  a r e  a l s o  r epo r t ed  here .  In  

a d d i t i o n ,  surveys were made i n  t h e  v i c i n i t i e s  of Pedro and E s t e r  Domes 

i n  t h e  Fairbanks D i s t r i c t  t o  determine t h e  e f f e c t s  of known f a u l t s ,  in -  

t r u s i o n s ,  qua r t z  v e i n s ,  and l i t h o l o g i c  changes i n  s c h i s t  bedrock. 



F i e l d  work was done dur ing  bo th  s m e r  and w i n t e r  f o r  t h e  

purpose of comparing r e s u l t s  ob ta ined  under d i f f e r e n t  condi t ions .  

i'dhen a v a i l a b l e ,  samples of p l a c e r  g rave l  and of bedrock were 

n n  I co l l ec t ed  f o r  l a b o r a t o r y  s t u d y  i n  co&ection - -- with  t h e  geophysical  

r e s u l t s .  Bedrock s t r u c t u r e  and l i t h o l o g y  were s t u d i e d  where ex- 

8 posures could be found, f o r l t h e  purpose of c o r r e l a t i n g  geophys ica l  

<$ i n t e r p r e t a t i o n s  wi th  e o l o g i c a l  f e a t u r e s .  f 
Xagnetograms, showing t h e  v a r i a t i o n s  i n  i n t e n s i t y  of  t h e  e a r t h  

magnetic f i e l d  a t  S i t k a ,  rrrere obta ined  from t h e  S i t k a  Mapgetic 

Observatory and enebled an  approximete check t o  be made on d i u r n a l  

v a r i a t i o n  and magnetic strorms i n  t h e  a r e s s  where f i e l d  work wzs 

c a r r i e d  out .  

Laboratory and o f f i c e  work was ?lone during p a r t  of December, 

1939 and dur ing  January and ?ebruary,  1940. One a s s i s t a n t  was 

a v a i l a b l e  du r ing  uedember ; subsequent ly  t h e  m i t e r  worked a lone .  The 

l a b o r a t o r y  and office work cons i s t ed  of  minera logica l  s t u d i e s  of 

p l a c e r  g r a v e l s  and bedrock, and of d r a f t i n g  maps a d  graphs  and i n -  

t e r p r e t a t i o n - o f  r e s u l t s .  A l a r g e  number of samples of concen t r a t e s  

was 
ILJ R s supplied by t h e  U, S ,  Geologica l  Survey s tudied  dur ing  January  

C.. -. 

and r 'ebmary,  1939,1;?; a l a b o r a t o r y  suppl ied  by t h a t  o rgan iza t ion  and 

a t  t h e  Geology Department of t h e  Johns Hopkins Univers i ty .  Th i s  

r e p o r t  was w r i t t e n  dur ing  February and Xarch, 194OP 



The Appl ica t ions  of t h e  V e r t i c a l  hiagnetometer 

Buried P l a c e r s  

3dan.y of t h e  o l d e r  p l a c e r s  i n  i n t e r i o r  U a s k a  were decos i t ed  i n  

dra inage  systems whose r e l a t i o n s  t o  t h e  present  dra inage  a r e  obscure 

o r  nonexis ten t .  Also, i n  mature r eg ions ,  tb-? h a u l e  

no5 
l a t e r a l  s t ream erosionA r e s u l t &  i n  wide va l l eys  which may con ta in  

r e l a t i v e l y  narrow pays t reaks .  Long continued e ros ion ,  &a 
o r  

ca+es, changes i n  t h e  base l e v e l  of e ros ion ,  ha& r e s u l t e d  i n  p l a c e r s  

l oca t ed  on r a i s e d  benches o r  deeply bu r i ed  under ba r r en  s i l t  d e p o s i t s .  

Consequently, except ing f o r  p l a c e r s  i n  narrow V-shaped v a l l e y s ,  it 

usua l ly  is d i f f i c u l t  t o  determine t h e i r  probable l o c a t i o n  from 

topogra-!;hie evidence. To l o c ~ t e  them by s h a f t s  o r  &rill ho le s  n e c e s s i -  

t a t e s  t h e  c r o s s c u t t i n g  of t h e  whole v a l l e y  and o r d i n a r i l y  a  l a r g e  

p a r t  of t h e  prospec t ing  is  done i n  ba r r en  ground. 

- /ha+  
The geophys ica l  method +&&&a appears  t o  be b e s t  adapted t o  

l o c a t i n g  and o u t l i n i n g  bu r i ed  p l a c e r s  is t h e  magnetometer method. The 

v e r t i c a l  f i e l d  ba lance  i s  one of t h e  most s e n s i t i v e  p o r t a b l e  magne- 

tometers  ava i l ab l e ,  and because of t h e  r a p i d i t y  with which measurements 

can be made, surveys  w i t h  t h i s  t y p e  of  instrument a r e  r e l a t i v e l y  i n -  

expensive. 1 

E 
%ae I lo tchkiss  Superdip,  which measures t o t a l  magnetic anomalies i n -  
s t ead  of v e r t i c a l  anomalies,  posses ses  s i m i l a r  advantages.  

- 

Xagnet ic  minera ls ,  t o g e t h e r  w i th  o t h e r  heavy rock-f orming 

minera ls ,  a r e  comxtonly a s s o c i a t e d  wi th  p l a c e r  gold. I f  t h e  magnetic 

mine ra l s  a re  concent ra ted  w i t h  t h e  gold  i n  s u f f i c i e n t  amounts, t h e n  

measurable magnetic anomalies should e x i s t ,  the magnetometer has  

been used s u c c e s s f u l l y  f o r  p l a c e r  prospec t ing  i n  s e v e r a l  l o c a l i t i e s ,  1 

- - 
&c. A. Hei land .and  W. H. C o u r t i e r ,  Magnetometric I n v e s t i g a t i o n s  of 



of P l a c e r  Depos i t s  n e a r  Golden, Colorado. =ns. - A. I. ?i. E,(E929) 
81, Geophysical Prospec t ing .  
J. J ,  Jakosky and C. H. Wilson, Geophysical S tud ie s  i n  P lace r  and 
Vater  Supply Problems, A. I. 14. h. Techmical P u b l i c a t i o n  515, 1934. 
Dart Ylantland, Comparison of Geophysical Surveys a t  t h e B o s c o e  ?later, 
J e f f e r s o n  C o m t y ,  Colorado ; Colo. School  of Mines ~ i u a r t & r l ~ ,  32, 
Jan .  1937, pp.85-115 
J. C ,  Boswell,  work c i t e d .  
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$b indicate 

1 I .  - J  4 

h u t r r e l a t i v e l y  l i t t l e  in format ion  is   available,^ how gene ra l ly  it 
can be used,  orb% to:'t"ffe p ropor t ion  of successes  t o  f a i l u r e s  when 

checked by a c t u a l  p rospec t ing  and mining. ~ t ~ p o s s i b l ~ t h a t  

t h e  s u c c e s s f u l  a p p l i c a t i o n s  have been emphasized more t h a n  t h e  f a i l u r e s .  

One of  t h e  aims of  t h i s  program was t o  determine i n  a  gene ra l  
f .  

way t h e  a p p l i c a b i l i t y  of t h e  magnetozeter  t o  p l s c e r  prospec t ing  fl a  
/ /f? 

cons ide r sb l e  p ropor t ion  of  t h e  p l a c e r  reg ions  of i n t e r i o r  Alaska. A s  

i t  was imprac t i cab le  t o  r u n  a c t u a l  magnetometer surveys  over  a  l a r g e  

number of p l a c e r s  of known gold con ten t ,  o t h e r  in format ion  was obta ined  

t o  supplement t h e  magnetometer r e s u l t s .  The problem involved t h e  

cons ide ra t ion  of  t h e  fo l lowing  ques t ions :  

3 A. How gene ra l  i s  t h e  a s s o c i a t i o n  of magnetic 

p l a c e r  gold? 

b. That  r e l a t i o n s  e x i s t  i n  a g iven  p l a c e r  between: ,mgnet ic  
. A 

anomalies  and t h e  c n t e n t  of magnetic mine ra l s  and gold? 

i #hn7 nf? 
$;/ or-L@-,, c . h e  t h e  a n o m a l i e ~ ~ a s s o c ~ a t e d  w i t h  p l a c e r s  g e n e r a l l y  of s u f f i -  

c i e n t  magnitude t o  be measurable and i n t e r p r e t a b l e ?  

d .  Can anoinalies due t o  changes i n  bedrock: and o t h e r  causes  be 
2 

dis - t inguished  from those  due t o  p l ace r s?  

e .  Wha-t e f f e c t  w i l l  t h e  magnetic storms and i r r e g u l a r  magnetic 

c o n d i t i o n s  c h a r s c t e r i s t i c  of h igh  l a t i t u d e s  have on t h e  

accul--acy and speed of magnetic surveys? 



a .  Assoc ia t ion  of' magnetic mine ra l s  and p l a c e r  gold. 

The follovring magnetic mine ra l s  were found i n  Alaskan gold- 

bearing grave1s : lmagnet i te  and o t h e r  i ron-bearing s p i n e l s ,  i l m e n i t e ,  

iron-:rich g a r n e t s ,  amphiboles and pyroxenes, and l o c a l l y ,  p y r r h o t i t e ,  

b i o t i t e ,  wol f rami te ,  and platinum. %e rn0s.t important of t hese  

minera ls  is magnet i te ,  a s  i t  i s  by f a r  t h e  most s t r o n g l y  magnetic 

as we l l  a s  one of t he  most v~idespread  of a l l  minera ls .  Because of i t s  

1 
see  Appendix I 

- 

high  d e n s i t y ,  compact shape and s t a b i l i t y ,  magnetite appa ren t ly  concen- 

t r a t e s  i n  p l a c e r s  under cond i t i ons  s i m i l a r  t o  those  f avo r ing  t h e  

concen t r a t e s  of gold. The ex i s t ence  of o t h e r ,  l e s s  magnetic mine ra l s  

i n  p l ace r s  d o u b t l e s s  c o n t r i b u t e s  t o  some ex ten t  t o  t h e  magnetic 

. '  anomalies,  b u t  t h e i r  e f f e c t  cannot r e a d i l y  be determined,  Loca l ly ,  1. 
a s  i n  p a r t s  of t h e  Livengood D i s t r i c t ,  vihere l a r g e  a n l o u t s  of magnetic 

chromite and chrome s p i n e l  a r e  a s s o c i a t e d  wi th  t h e  p l a c e r ; g o l d ,  t hey  

may be of cons iderable  importance. 

Table I shows t h e  parcentages  of magnet i te  i n  p l a c e r  concen t r a t e s  

I 1  

4 a ' Q ~ : r ~ ~  a number of  mining d i s t r i c t s .  l h e  concen t r a t e s  were obta ined  
A 

1 ,,$;caCbn 
from pays t r eaks  un le s s  o therwise  noted mdf ig lve  a  g e n e r a l  Ld-w of t h e  

a n o u t s . o f  m s g n e t i t e . p r e s e n t  i n  p l a c e r s  i n  t he  d i s t r i c t s  considered.  



- fen  i n  Table I may f o r  t h e  most p a r t  i n d i c a t e  s l i g h t l y  

.ons of magnet i te  t han  a c t u a l l y  occur  i n  t h e  p l a c e r s ,  

samples were concen t r a t e s  obtained f r o n  s l u i c e  boxes. 

cs of t h e  heavy, compact magnet i te  i nc rease  somewhat i n  i J 
, a t  t he  expense of the l i g h t e r  f r a c t i c n s  of t h e  concen- 

,lethod of t rea tment  of samples i s  descr ibed  i n  Appendix I. The 

; was separa ted  by a  l a r g e  horseshoe magnet,which was no t  s u f f i -  

/ e s j  
.LY s t r o n g  t o  l ift t h e  ,s&&+ky magnetic minera ls .  A s  no convenient  

- e m s  of g r i n d i n g  t h e  samples was a v a i l a b l e ,  t h e  magnet i te  contained 

i n  t h e  pebbles  of country rock was n o t  separa ted .  
-Af f ko t lgc r  

%k&e t h e  d i s t r i c t s  l i s t e d  a r e  no t  covered completely,  it is evi -  

dent  t h a t  magnet i te  i s  p r i l c t i c a l l y  a  u n i v e r s a l  c o n s t i t u e n t  of pl-acers ,  

bu t  i n  amounts t h a t  vary g r e a t l y .  However, a l lowing f o r  varying de- 

g r e e s  of n a t u r a l  concent ra t ion  i n  d i f f e r e n t  p a r t s  of t h e  pays t r eaks ,  

t h e r e  i s  i n  most c a s e s  an approximate agreement i n  t h e  percentages  ob- 

t a i n e d  from any g iven  p l a c e r .  Also, t h e  concen t r a t e s  from t h e  Eoyukuk 

and C i r c l e  D i s t r i c t s  a r e  : gene ra l ly  low i n  magnet i te ,  whi le  t hose  from 

t h e  Livengood D i s t r i c t  a r e  high.  1b.e concent ra tes  from t h e  o t h e r  d i s -  

t r i c t s  i n  g e n e r a l  con ta in  magnet i te  i n  r e l a t i v e l y  moderate amounts. 

hlagnetic surveys  i n d i c a t e  t h a t  t h e  percentages g iven  i n  Table I 

can  be used a s  approximate c r i t e r i a  of t h e  a p p l i c a b i l i t y . o f  t h e  magne- 

torneter t o  p l a c e r  prospec t ing  i n  t h e  d i s t r i c t s  l i s t e d .  I n  g e n e r a l ,  

p l a c e r s  con ta in ing  small  p ropor t ions  of  magnet i te  w i l l  have sma l l  

anomalies and xagne t i c  methods w i l l  be  correspondingly d i f f i c u l t  t o  

apply.  Larger  anomalies, which a r e  e a s i ~ r  t o  measure and i n t e r p r e t ,  

w i l l  be a s s o c i e t e d  wi th  p l a c e r s  con ta in ing  l a r g e r  p ropor t ions  of magnet i t  e . 



~iagne tome t r i c  prospec t ing  probebly would not  be succes s fu l  i n  t h e  

Koyukuk D i s t r i c t ,  a t  l e a s t  on t h e  c r eeks  l i s t e d ,  because of t h e  small  

p ropor t ions  of  magnet i te  and t h e  deep overburden which covers  many of 
I 

t h e  p l ace r s .  I n  the  i i r c l e  D i s t r i c t ,  most of t h e  p l a c e r s ,  except ing ? 
- 

t hose  on Deadwood Creek, con ta in  smal l  p ropor t ions  of magnet i te .  How- 

e v e r ,  a s  t hey  a r e  gene ra l ly  shal low,  it i s  l i k e l y  t h a t  magnetic methods 

:!;auld be appl i .ceble  t o  some e x t e n t .  The ma jo r i t y  of t h e  p l a c e r s  i n  t h e  

Fairbanks D i s t r i c t  con ta in  moderate propor t ions  of magnet i te .  The magne- 

tometer  e v i d e n t l y  isro~ld no t  be of much a i d  i n  prospec t ing  t h e  deep 

p l a c e r s  ir t h i s  d i s t r i c t  which con ta in  smal l  p ropor t ions  of magnet i te .  

SIost of t h e  samples froin t h e  Chena D i s t r i c t  were t aken  from low- 

grade  g rave l .  The more concent ra ted  p l a c e r s  probably con ta in  h igher  

An4,5/nce 
percentages  of magnet i te .  % t h e  p l a c e r s  a r e  i n  gene ra l  shallow,magne- n 

tometr:lc methods whould be app l i cab le .  This  is born o u t  by a magne- 

t o m e t ~ r  survey of Teuchet Creek,,the r e s u l t s  of which agreed wi th  a v a i l -  

a b l e  prospec t ing  d a t a .  



., 5 ,  
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b. Hel.ations between anomalies and magnet i te  and gold content  of p l a c e r s .  " , , l b  ' 
, . 4 '  

_..- . - Xagne t i t e  is found i n  p r a c t i c a l l y  a l l  stream g r a v e l s  because of 

i t s  almost  u n i v e r s a l  occurrence i n  rocks.  The occurrence of p l a c e r  

gold i s  of cou r se  r e s t r i c t e d  t o  r eg ions  where gold n l ine ra l i za t ion  took 

p lace .  Thus concen t r a t ions  of raagnet i te ,  wi th  a s soc i a t ed  magnetic 

anomalies,  rnay occur  i n  s t ream g rave l s  which conta in  no gold, The 

presence of bo th  magnet i te  and gold i n  p l a c e r s  depends p r imar i ly  on 

adequate bedrock sourcds.  

--=----.-''--~~ x a g n e t i t e  ~ g e n e r a l l $ . - o c c c u r s _ S i ~  throughout t h e  reg ions  con- 

s ide red  h e r e ,  wh i l e  gold i s  r e s t r i c t e d  t o  minera l ized  ve ins  o r  zones - /be pxlb&,,ee a* Q* rppror;mrr/r 3 r x s 4 ~ n t  rdio o f  r u a J n r l / j e  

i n  t h e  c o r n t r y  rock. cf 
~-,,f,d 6 30 18 corr4ev-f of p h c e r s ,  

'V, 

h,/ , der ived  a s  t h e y  a r e  from s e p a r a t e  sourc$?, appears  t o  depend on long  

continued s o r t i n g  of t he  g r a v e l .  Condit ions f avo rab le  

t o  t h e  concen t r a t ion  of gold i n  cont inuous,  wel l-def ined pays t reaks  

a l s o  f a v o r  a  s imilar  concen t r a t ion  of magnetite) and i n  gene ra l  t h e  

r i c h e r  p o r t i o n s  sf t h e  paystreak w i l l  con ta in  more magne t i t e . t han  t h e  

l e a n e r  p a r t s .  Under t h e s e  cond i t i ons  the re  seems t o  be a gene ra l  

agreement, a t  l e a s t  i n  l i m i t e d  a r e a s ,  between v e r t i c a l  anomalies,  

magnet i te  c o n t e n t ,  and gold values.  Changes i n  t h e  supply of msgne t i t e  

. t h e  
o r  of gold,  caused b y . v a r i a t i o n s  inAmagnet i te  conten t  of country rock 

o f  
, 

o r  by t h e  &ks~ ~ u t t i n g ~ a d d i t i o n a l  gold ve ins ,  w i l l  g e n e r a l l y  prevent  
closely 

t h i s  agreement from h ~ l d i n g ~ o v e r  t h e  whole p lacer .  On t h e  o t h e r  hand, 

i n  poorly s o r t e d  p l a c e r s ,  where t h e r e  has been r e l a t i v e l y  l i t t l e  t r a n s -  * c 
r07';b a+jltl~~HtXk . . o*~cH;L fd 

p o r t a t i o n  and reworking of  t h e  m a t e r i a l ,  t h e  a s - a a ~ z t ~ a  Gi' 

f l l e  goid aow-/avl?' h a y .  vary, W , ~ P  3, 
% i & + a a & g ~ U ~ ~ ,  The magnet i te  w i l l  be d i s -  

be d 

t v  / e b u t e d  - .- .-. a l l  a long  t h e  channel ,  while  t h e  gold wi l lAdepos i (  a s h o r t  
s o  flu+ 

d i s t a n c e  below i t s  source am3 t h e  r i c h  p a r t s  of t h e  p l a c e r  a r e  not 
4 

l i k e l y  t o  c o n t a i n  much moie magnet i te  than  t h e  l e a n  p a r t s .  I-Iowever, 

even under t h e s e  unfavorable  cond i t i ons ,  magnetic t r a v e r s e  p r o f i l e d  



run a t  s u i t a b l e  i n t e r v a l s  ac ross  t h e  long a x i s  of t h e  p lace r  w i l l  

usually i n d i c a t e  t h e  approximate l o c a t i o n  of the r i ches tag round  along 

any given p r o f i l e i  but w i l l  g ive  no information as t o  how t h e  va lues  

along one p r o f i l e  compare wi th  those  along o the r  p r o f i l e s .  

As a r u l e , v a r i a t i o n s  i n  t h e  heavy mineral  ccn t sn t  and hence t h e  

magnetite content  of p l a c e r  g rave l ,  a r e  accompanied by s i m i l a r  var ia-  

t i o n s  i n  gold  content .  In many p l a c e r s  containing coarse  gold t h e  

heavy mineral  content  02 small samples is a more r e l i a b l e  i n d i c a t i o n  

of  gold va lues  than  the  a c t u a l  gold content  and i s  o f t e n  used t o  de te r -  

mine the l i m i t s  of mineable ground. S imi la r ly ,  i t  has been found t h a t  

v e r t i c a l  rmomalies usua l ly  a r e  roughly propor t ional  t o  t h e  inc rease  i n  

magnetite con ten t  from t h e  limits t o  t h e  r i c h e r  p a r t s  of p l ace r s  and 

the re fo re  a r e  i n  many cases  approximately propor t ional  t o  t h e  inc rease  

in .  go1.d values.  

I:t would doub t l e s s  be more l b g i c a l  t o  compare magnetic suscep t i -  

b i l i t i e s  o f  placer ;gravels, rather  t h a n  the i r  magneti te  contents ,  t o  

associa ted  v e r t i c a l  anomalies a s  it was not  p rac t i cab le  t o  determine 

accura te ly  t h e  t o t a l  amount of magneti te  by methods ava i l ab le .  Some 

of t h e  magneti te  i s  held i n  yebbles and cobbles and can be  separa ted  

only  if t h e  samples a r e  ground t o  0.5 mm., o r  f i n e r .  However, a t tempts  

t o  determine t h e  r e l a t i v e  s u s c e p t i b i l i t i e s  of g rave l  samples wi th  t h e  

v e r t i c a l  f i e l d  balsnce d i d : i o t  g ive  cons i s t en t  r e s u l t s .  Aside from 

e r r o r s  a t t r i b u t a b l e  t o  l a c k  of proper qquipment, t h e  apparent suscep- 

t i b i l i t y  va r i ed  wi th  t h e  o r i e n t a t i o n  of t h e  samples, probably because 

of the  occas ional  presence of polar ized  magnetite o r  lodestone and 

of remanent magnetism i n  some of t h e  pebbles. I n  view of t h e  d i f f i c u l t y  

of maintaining t h e  -- i n  s i t u  o r i e n t a t i o n  of incoherent samples, t h e  de- 

terminat ion of magneti te  content  w a s  a  simpler procedure, s u i t e d  t o  t h e  

prel iminary n a t u r e  of t h e  work,and t h e  r e s u l t s  usua l ly  were coplparable 
-:,.. 



t o  t he  anomalies.  

I n  t he  event  t h a t  more d e t a i l e d  T N O ~ ~  i s  j u s t i f i a b l e ,  a  s imple 

method of d e t e m i n i n g  t h e  s u s c e p t i b i l i t y  df g rave l  probably could be 

devised.  This  would permit comparison of t h e  magnetic p r o p e r t i e s  of 

g r a v e l ,  bedrock and overburden, which cannot be done by methods em- 
. . 

played ,- f k l s  I M ~ e , ~ ( ~ a ~ ~ ' ~ f l .  

Fig .  b shons a t r a v e r s e  p r o g i l e  of a  narrow, shall0711 bench pays t reak  

on deadwood Creek, i n  t h e  C i r c l e  D i s t r i c t .  The v e r t i c a l  anomalies ,  

I , magneti te  c o n t e n t ,  and gold  va lues  a r e  i n  good agreement. It should 
LJ I 

be mentioned t h a t  such complete agreement i s  unusual.. Condit ions h e r e  

a r e  more than  o r d i n a r i l y  favorable ,due p a r t l y  t o  the  s h o r t  l e n g t h  of 

t h e  t r ave r se .  Other t r a z e r s e  p r o f i l e s  of Deadwood Creek show a gaaeral. 

agreement betx-een gold va lues ,  a s  f a r  as they  a r e  a v a i l a b l e ,  and ver-  

t i c a l  anomalies.  'i'he l a r g e s t  p o s i t i v e  anomalies on any p r o f i l e  u s u a l l y  

a r e  over ,  o r  c l o s e  t o ,  t h e  h ighes t  gold va lues .  ~ ' i l though most of t h e  

r i c h  pay on t h i s  creek has been worked, go ld  i n  payirig q u a n t i t i e s ,  
mge+ker u3'14h 

a d  a s s o c i a t e d  magnet i te ,  r exa ins  i n  solne p a r t s  ad j acen t  t o  t h e  o l d  

pays t r eaks  and i n  c racks  and j o i n t s  i n  t h e  blocky q u a r t z i t e - s c h i s t  

bedrock. 

d. Fig .  3 shows a t y p i c a l t r a v e r  e  p r o f i l e  of Livengood Creek, n e a r  f -- 
t h e  town of Livengood. The gold  va lues  were determined by d r i l l i n g .  

CI pp re", f'y 
Data on t h e  amount of magnet i te  w a s  no t  a v a i l a b l e ,  but  i t  ev&az#y 

concentrated v ~ i t h  t h e  gold. This  p r o f i l e  i s  f a i r l y  t y p i c a l  of t hose  

obtained ove r  p l a c e r s  depos i t ed  under f avo rab le  c o n d i t i o n s ,  t h a t  is, 
where 

~t/::rl  C 
where adequate  amounts of magnet i te  and gold were av:?i lable  and t h e r e  / A 

wsls s u f f i c i e n t  concen t r a t ion  t o  forrn a  vrell def ined pays t reak .  

Anoflalies over  p l a c e r s  have been found t o  be p o s i t i v e  a s  a  v.fnole 

bu t  over  many shallov; p l a c e r s  t h e  magnetic values f l u c t u a t e  sha rp ly  

and bear  no apparent  r e l a t i o n  t o  go ld  va lues  a s  determined by d r i l l i n g .  
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Typical. t r a v e r s e  p r o f i l e s  of For tage  and ~ ~ ~ o t h  Creeks i n  t h e  C i r c l e  

D i s t r i c t  ( Figs .  2 & 4)  i n d i c a t e  the e r r a t i c  na tu re  of t h e  anomalies 

obtained over  s e v e r a l  sha l low p lace r s .  

011 l o r t a g e  Creek i t  was n o t  p o s s i b l e  t o  saxple  t he  p l a c e r  a long 

t h e  l i n e s  of t h e  megnetometer t r a v e r s e s ,  but  samples taken  along t h e  

f a c e  of a  nearby nzining c u t  showed a n  agreement between t h e  amounts 

of magnet i te  and gold .  The g r a v e l  a t  t h e  liniits of t he  c u t  contained 

an average of 21 gm. magnet i te  per  cu. yd.,  r:hile t h e  r i c h e r  p z r t s  o f  

t h e  g rave l  averaged 52 gm. p e r  cu. yd. X few rounded p i eces  of 

magnet i te  were 2 c!n. i n  d i h n e t e r .  The concen t r a t e s  obtained , f rom 

t h e  lirnits contained 4$ magnet i te  compared t o  6 $ fmrn t h e  r i c h e r  p a r t s  

of t h e  c u t .  The magnet i te  content  of t h e  2ortage Creek p l a c e r  i s  low 

compared t o  o t h e r  p l a c e r s  and consequent ly r e l a t i v e l y  smal l  anornslies 

were a n t i c i p a t e d ,  '!,!hj.le t h e  amounts of magnet i te  a s  determined i n  t h e  

c u t  a r e  not  l i k e l y  t o  hold for t h e  e n t i r e  p l a c e r ,  t h e  same gene ra l  

r e l a t i o n s  probably a r e  maintained and a b e t t e r  agreement between ano- 

mal ies  and gold  va lues  would be expected,  

On idammoth Creek no samples were a v a i l a b l e ,  b u t  i t  . i s  s a i d  t h a t  

cons iderable  magnet i te ,  some of it coarse ,  i s  contained i n  t h e  wncen-  

t r a t e s  and t h a t  l a r g e r  amounts of concen t r a t e s  a r e  found i n  t h e  r i c h e r  

p a r t s  of t he  p l a c e r ,  so t h a t  here ,  a l s o ,  a  gene ra l  agreement between 

go:Ld values and anomalies vauld be a n t i c i a t e d .  

There a r e  s e v e r a i  p o s s i b l e  reasons  f o r  t h e  l a c k  o f  agreement, damely: 

e r rone  ous gold va lues  a s  i nd ica t ed  by any s i n g l e  d r i l l  ho le ,  presence r 
i n  t h e  g r a v e l  o f  po la r i zed  rnagnet i te / ( lodestone) ,  wit11 magnetic f i e l d  

opposed t o  t h e  e a r t h  f i e l d ,  presence of near  s u r f a c e  boulders  w i th  

remanent magnetism op7osed t o  t h e  e a r t h  field,. and l o c a l  e r r a t i c  v a r i a -  

t i o n s  i n  t h e  magnetic p r o p e r t i e s  of bedrock. The l l s t  p o s s i b i l i t y  may 

be ru l ed  ou t  i n  t h e  cases  a i t e d ,  a s  t r a v e r s e s  over  t h e  ad j acen t  count ry  

. . . . 





rock i n d i c a t e  u n i f o r n  magnetic cond i t i ons .  

.G Small d r i l l i s  - s e r e  used i n  pros : iec t ing  the  tlvo c reeks ,  and a s  t h e  

gold i n  both  p l e c e r s  i s  f a i r l y  coarse,  t h e  values a s  ca l cu la t ed  from 

any s i n g l e  d r i l l h o l e  mag i n  many c a s e s  n o t  represent  t h e  a c t u a l  va lues  

i n  t he  imnediate  v i c i n i t y .  k'or t h i s  r ea son ,  agreement o r  non-agreeme n t  , 

d r i l l  holes 
-6 

between va lues  i dd icz t ed  by  individual.  da-pillktAes and corresponding 

anomalies may be p a r t l y  for tu i t ,ous .  

l o l a r i z e d  magnet i te  occurs  i n  a  n m b e r  of p l ace r s  i n  t h e  i n t e r i o r  

and while t h e r e  i s  reason t o  be l i ege  t h a t  lodes tone  ! . i l l  i n  g e n e r a l  

7 

LG 
' t end  t o  de1,osit so t h a t  i t s  magnetic f i e l d  coinc* -- vdth  t h a t  of t h e  

e a r t h ,  occas iona l  coarse  p i e c e s  .my be depcs i t ed  11,ith n o r e  o r  l e s s  r e -  

versed p o l a r i t y .  Unfo r tuna te ly ,  i t  would no t  be a  simyle ma t t e r  t o  

determine t h e  o r i e n t a t i o n  of l odes tone  i n  p l ace r s .  

The presence  of near -sur face  boulders  o r  cobbles vdth remanent 
mos+ 

magnetic f i e l d  mere o r  l e s s  orposed t o  t h e  e a r t h  fleld may be t h e  & 
C O M M O ~ ~  C a u s e  04 

JAW e r r a t i c  anorrzili e s  ove r  shallow p l a c e r s ,  Their  e f f e c t  
-- 

on t h e  v e r t i c a l  i n t e n s i t y  ~ m u l d  be r e l a t i v e l y  l a r g e  because they  a r e  

c l o s e r  t o  t h e  s u r f a c e  than  t h e  usua l  p l a c e r  concent ra t ion .  The e f f e c t  

of l o c a l  near -sur face  i r r e g x l a r i t i e s  could be minimized by c l o s e r  

spac ing  of s t a t i o n s .  
A/3k o u s  (1 
U&ke t h e  reasons  f o r  e r r a t i c  anomalies  a r e  no t  d e f i n i t e l y  knovm, 

they  may be i n t e r p r e t e d  a s  an i n d i c a t i o n  s f  shallow p l a c e r s ,  a f t e r  

o t h e r  p o s s i b i l i t i e s  have been e l i n i n a t e d .  Anomalies a s s o c i a t e d  wi th  

--. 
deeper  p l a c e r s  (&~ly~.9-reIrnore uniform, poss ib ly  because t h e  magne- >I /.li I +  

. C 
- ,  ,' 

tometer  r ead ings  a r e  inf luenced by l a r g e r  volumes of g r a v e l  and be- ,, 
? % 

. , 

czuse  t h e  s i l t  and muck overburden i s  magnet ica l ly  uniform. . * 

. 


