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. SOAE COL!!Y'F,MTS ON THE SURTICTAL GEOLOW OF 

THE SOUTHWESTERN BROOKS RANGE 
by 

Robert  E. Garland,  DGGS Geologis t  

Bedrock exposure i n  t h e  a r e a  of t h e  southwes tern  Brooks Range encompassed w i t h i n  
t h e  Survey Pass  and Ambler River  quadrangles  i s  e x c e l l e n t .  An e s t ima ted  25% of t h e  
area is f r e e  of s u r f i c i a l  cover .  This  is  of g r e a t  b e n e f i t  t o  t h e  program of bedrock 

, geologic  mapping c u r r e n t l y  be ing  conducted i n  t h e  reg ion .  Approximately 75% of t h e  
area, however, is  covered w i t h  s u r f i c i a l  d e p o s i t s  of one s o r t  o r  another .  While t h i s  
s u r f i c i a l  cover  can f r e q u e n t l y  be used i n  bedrock mapping i n  i n d i v i d u a l  i n s t a n c e s ,  on 
an a r e a l  scale i t  is p r i m a r i l y  a hindrance.  Neve r the l e s s ,  f o r  t hose  who have a n  in- 
terest i n  s u r f i c i a l  f e a t u r e s ,  co ld-c l imate  l and  forms, g l a c i a l  geology, and t h e  
Quaternary Pe r iod ,  t h i s  r e g i o n  has  much t o  o f f e r .  

Most of t h e  s u r f i c i a l  f e a t u r e s  r e f l e c t  a cold-cl imate o r i g i n .  Found h e r e  are 
felsenmeer (b lock  f i e l d s ) ,  s t o n e  r i n g s ,  s t o n e  s t r i p e s ,  s o l i f l u c t i o n  l o b e s ,  p r o t a l u s  
rampar ts ,  and rock  g l ac i e r s - - - a l l  d e p o s i t i o n a l  f e a t u r e s  c h a r a c t e r i s t i c  of a f r o s t -  
a c t i o n  environment. K a m e s ,  kame t e r r a c e s ,  e s k e r s ,  moraines,  and outwash t r a i n s  a r e .  
d e p o s i t i o n a l  f e a t u r e s  of g l a c i a l  o r i g i n .  There are numerous (about  35) s m a l l  v a l l e y  
and c i r q u e  g l a c i e r s  near  t h e  h i g h e s t  mountains. Most of t h e s e  a r e  l o c a t e d  i n  t h e '  
A r r i g e t c h  Peaks,  around M t .  Ig ikpak ,  o r  between them; a few more a r e  found f u r t h e r  

I t o  t h e  west---near'Mt. Ch i t i ok ,  Shulakpachak Peak, and Blind Pass  Mountain. E ros iona l  
f e a t u r e s  c h a r a c t e r i s t i c  of a co ld  c l i m a t e  i n c l u d e  U-shaped v a l l e y s ,  c i r q u e  b a s i n s ,  
f a c e t e d  s p u r s ,  hanging t r i b u t a r i e s ,  s toss-and-lee topography, and po l i shed  and 
s t r i a t e d  bedrock s u r f a c e s .  P ingos ,  polygonal  ground., beaded d ra inage ,  and thaw l a k e s ,  
c h a r a c t e r i s t i c  of a permafros t  envi ronnent ,  can  be  found i n  t h e  lowland v a l l e y s  of 
t h e  Kobuk, Ambler, and Noatak Rivers .  

C e r t a i n  of t h e  s u r f i c i a l  f e a t u r e s  of t h e  r e g i o n  are p a r t i c u l a r l y  s t r ik ing .Foremost  
among t h e s e  i s  t h e  series of wel l-preserved a r ~ u a t k  po ra ines  l o c a t e d '  i n  t h e  v a l l e y s  of 
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* . 
t h e  Alatna,  Kobuk, Reed, Mauneluk, and Shungnak Rivers ,  near where these  streams 
exit t h e  south  f l a n k  of t h e  Brooks Range. Similar  moraines a r e  a l s o  found sur- 
rounding (or  a t  l e a s t  p a r t i a l l y  impounding) t h e  lower ends of Iniakuk and Walker 
Lakes. Other s t r i k i n g  f e a t u r e s  inc lude some c l a s s i c  U-shaped v a l l e y s  ( ~ i c h i a k a k a  
Creek, Kugrak, and upper Noatak Rivers) ;  a very f i n e  example of a "birds-foot" 
d e l t a  (northern end of Walker Lake); textbook examples of rock g l a c i e r s  and p ro ta lus  
ramparts (Mt. Igikpak v i c i n i t y ) ;  and braided meandering streams (Ambler, Kugrak, 

I Noatak, Kobuk, Alatna),  some of which develop extens ive  aufe i s .  Less s t r i k i n g ,  but  
more i n t r i g u i n g  and perhaps having reg iona l  t e c t o n i c  s i g n i f i c a n c e  a s  wel l  as being 
f i n e  examples of t h e i r  kind,  a r e  a series of rock s l i d e s  occuring along t h e  southern 
f l a n k  of t h e  range i n  t h e  so-cal led s c h i s t  b e l t  of rocks. These s l i d e s  a r e  a l igned 
roughly p a r a l l e l  t o  the  east-west r eg iona l  g r a i n  of the  bedrock and are one of the  
most r ecen t ly  formed s u r f i c i a l  f ea tu res .  

Mapping of t h e  s u r f i c i a l  geology has been done i n  only a very few p laces  i n  t h e  
Brooks Range. Two s t u d i e s  wi th in  t h e  Survey Pass o r  Ambler River quadrangles were 
those of Fernald (1964) and Hamilton (1969). Much mapping work remains t o  be done, 
and geo log i s t s  looking f o r  a mapping p r o j e c t  l o c a t i o n  t h a t  o f f e r s  geological  
v a r i e t y  a s  w e l l  a s  a wilderness experience can f i n d  both  here. But, r egard less  of 
t h e  reason f o r  being i n  t h e  a rea ,  people w i l l  l i k e l y  f i n d  t h a t  many of t h e i r  p i c t u r e s  

~ and r e c o l l e c t i o n s  w i l l  record forms and f e a t u r e s  imparted i n  t h e  s u r f i c i a l  geology. 

Fernald,  A.T., 1964, S u r f i c i a l  geology of t h e  c e n t r a l  Kobuk River 
v a l l e y ,  northwestern Alaska: U.S. Geol. Survey Bull.  1181-K, p. K1-K31. 

Hamilton, T.D., 1969, Glac ia l  geology of t h e  lower Alatna v a l l e y ,  Brooks 
Range, Alaska; i n  United S t a t e s  con t r ibu t ions  t o  Quaternary research--1nternat. 
Assoc. Quaternary Research, 8 t h  Cong., P a r i s ,  1969: Geol. Soc. America Spec. 
Paper 123, p. 181-223. 
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ENERGY CRUNCH CAPTIVATES NATION'S HEADLINES 

The cur ren t  energy "problem" has  inc reas ing ly  dominated t h e  nation; news. 
The Mines B u l l e t i n ,  not  previously noted f o r  i ts  tabloid-s ty le  "scare-'em- 
but-don't-tell-'em anything" s t y l e  of journalism, i s  going t o  continue i n  
its s t a i d ,  honest ,  f a c t u a l ,  t e l l - i t - l i k e - i t - i s  t r a d i t i o n .  So, w i t h  t h i s  
i n  mind, w e  hereby present  th ree  s o l u t i o n s  t o  the  energy c r i s i s .  

COAL GASIFICATION: PROGRESS REPORT 
(Reprinted from I n d u s t r i a l  Research, v. 16,  Feb. 1974) 

CHICAGO-What wi th  t h e  f u e l  squeeze-a f fec t ing  n e a r l y  every segment of the popu- 
lation---industry, government, and p r i v a t e  resea rch  l a b o r a t o r i e s  a r e  f r a n t i c a l l y  
searching f o r  ways t o  f i l l  t h e  gas p ipes  and o i l  drums. 

This  is not  t o  say  t h a t  energy a l t e r n a t e s  have no t  been around. They have--for 
years:  nuclear ,  s o l a r ,  and geothermal energy sources ( t o  name a few) have been t r i e d ,  
b u t ,  except i n  t h e  case  of nuclear ,  have n o t  been widely applied.  

Nuclear energy---principally from f i s s i o n  processes--has been meeting w i t h  in-  
creased opposi t ion  from environmental is ts  a s  r equ i r ing  f u r t h e r  safeguards. Nuclear 
fus ion,  t h e  s c i e n t i f i c  ace-up-the-sleeve f o r  American economy, a s  a d r a s t i c a l l y  
s a f e r  and economically s a t i s f y i n g  process,  seems t o  be a t  b e s t  a decade i n  the  f u t u r e .  



The problems w i t h  t h e  o the rs  a r e  mainly associa ted  wi th  i n i t i a t i n g  transmission 
systems. A s o l a r  farm covering acreage t h e  s i z e  of Arizona, f o r  example, could 
e a s i l y  supply more than enough e l e c t r i c i t y  f o r  t h e  e n t i r e  nat ion.  How t o  g e t  i t  
d i s t r i b u t e d  i s  another s t o r y ,  though. 

So t h e  search continues. Now exper t s  have come face-to-face wi th  a process t h a t  
has been known s i n c e  1913, capable of demonstrating some unique c a p a b i l i t i e s .  Coal 
g a s i f i c a t i o n  ---the process of convert ing c o a l  i n t o  high-quality s y n t h e t i c  n a t u r a l  
gas (SNG) a s  w e l l  a s  coa l  t ransformation i n t o  oil---can economically supply t h e  
country 's  f u e l  needs f o r  years  t o  come, and i n  s o  doing, he lps  t o  g e t  r i d  of high 
sulfur-containing c o a l  t h a t  is  otherwise unburnable from the  p o l l u t i o n  standpoint .  

To t h i s  end, near ly  every major petroleum company, r e f i n e r y ,  and big-industry is  
t ry ing  t o  make t h e  process more e f f i c i e n t ,  improve t h e  gas'  Btu content ,  and produce 
a c leaner  gas f o r  a wider v a r i e t y  of app l i ca t ions .  

Coal g a s i f i c a t i o n ' s  r a t i o n a l e  is obvious: There a r e  a t  l e a s t  150-bi l l ion  tons  of 
recoverable c o a l  located  i n  formations t h a t  a r e  cur ren t ly  mineable, according t o  a 
r ecen t  National  Petroleum Council r epor t .  Even a t  t h e  maximum demand r a t e  considered 
possible---including use i n  s y n t h e t i c  g a s i f i c a t i o n  processes--only about 10% of 
t h i s  r e se rve  would be  used by 1985. And t h e  U.S. Geological Survey pu t s  t o t a l  U.S. 
c o a l  r e se rves  a t  3 . 2 - t r i l l i o n  tons. 

I f  only  2 - t r i l l i o n  tons of t h i s  a r e  p o t e n t i a l l y  recoverable,  says  D r .  George R. 
H i l l ,  d i r e c t o r  of t h e  Of f ice  of Coal Research (OCR) and a member of t h e  E l e c t r i c  
Power Research I n s t i t u t e ,  Palo  Alto,  Cal . ,  and i f  c o a l  can be  converted t o  o i l  a t  a 
y i e l d  of two b a r r e l s  per  ton, a reasonable es t ima te ,  we have the  equivalent  of more 
than 4 - t r i l l i o n  b a r r e l s  of oil---ten t i m e s  t h e  t o t a l  known worldwide o i l  reserves!  

So what a r e  w e  wai t ing  f o r ?  The answer is ,  we're not.  
The I n s t i t u t e  of Gas ~ e c h n o l o g y ' s  (IGT) HYGAS p i l o t  p l a n t  f a c i l i t y ,  developed a t  

t h e  I l l i n o i s  I n s t i t u t e  of Technology, Chicago, and supported by t h e  American Gas 
Associat ion (AGA) along wi th  OCR, has  been inves t iga t ing  coal-to-synthetic gas  
conversion f o r  nearly 20 y e a r s ,  and s i n c e  1971, successfully demonstrating t h e  pro- 
cess on a p i l o t  p l a n t  bas i s .  

The HYGAS p l a n t ,  according t o  D r .  H i l l ,  cu r ren t ly  tu rns  more than 3 tons p e r  
hour of Montana l i g n i t e  c o a l  i n t o  p ipel ine-qual i ty  gas wi th  a Btu content  of 900 t o  
1,000. This  amounts t o  approximately 45,000 cubic meters of gas da i ly .  

I t  The b a s i c  problem i n  convert ing coa l  t o  SNG," exp la in  IGT's F.C. Schora Jr., 
B.S. Lee, and J. Huebler, "is seen most r e a d i l y  by comparing t h e  compositions of t h e  
compositions of the  raw m a t e r i a l  and the  product. 

"A t y p i c a l  bituminous c o a l  conta ins  75% carbon, 5% hydrogen, and about 20% unde- 
s i r a b l e  c o n s t i t u e n t s  ---ash and sulfur---which must be removed. On the  o the r  hand, 
n a t u r a l  gas,  o r  methane, conta ins  75% carbon, 25% hydrogen, and minimal amounts of 
ash  and s u l f u r .  

11 So, t o  convert  coa l  t o  p ipel ine-qual i ty  gas,  one must e i t h e r  add a l o t  of hydro- 
gen, o r  r e j e c t  a l o t  of carbon. The HYGAS process does both." 

The process takes  t h e  c o a l  through a series of high temperature and p ressure  
s teps .  

Typical ly ,  coa l  is crushed, dehydrated, and i f  necessary,  p r e t r e a t e d  by hot-air  
d i f f u s i o n  t o  minimize its tendency t o  s t i c k  together ,  o r  cake. 

Next, t h e  c o a l  p a r t i c l e s  a r e  s l u r r i e d  i n t o  a l i g h t  o i l ,  which is  fed  i n t o  a gas- 
i f i c a t i o n  react02 jn ta ined a t  about 700' to2815C (1300 t o  1500F) and a p ressure  of 
2,900 t o  4,400 kg/cm (1,000 t o  1,500 l b l i n .  ). 

A s  t h e  s l u r r y  passes down the  r e a c t o r ,  the  h e a t  and pressure  cause methane gas t o  
be produced. Hydrogen gas ,  generated from t h e  c o a l  char,  is  a l s o  fed  back i n t o  t h e  
g a s i f i e r  t o  f u r t h e r  r e a c t  wi th  the  coa l  t o  produce more methane. 

Severa l  ways t o  produce the  hydrogen from res idue  char a r e  f e a s i b l e .  Electro-  
thermal (shown i n  t h e  diagram), oxygen-stream, and stream-iron.processes a r e  under 
development. 



David Tobin, IGT's sen io r  advisor ,  t o l d  I n d u s t r i a l  Research, "The most promising, 
low-cost hydrogen production system w e  +ow apout i s  t h e  steam-iron process. ' 

"This technique, upon which we hope t o  have a p i l o t  p l a n t  opera t ion going s h o r t l y ,  
r e a c t s  steam wi th  i r o n  p e l l e t s  t o  form i r o n  oxide and hydrogen. The p e l l e t s  a r e  re- 
c o n s t i t u t e d  by reduct ion wi th  t h e  coa l  char whi le  the  hydrogen is  used i n  t h e  
g a s i f i e r ,  s o  it becomes a closed-cycle operat ion.  It 's a very e f f i c i e n t ,  economical 
process t o  make hydrogen, and i t  w i l l  g ive  us a g rea te r  yield."  

What is  most s i g n i f i c a n t  about IGTfs f i r s t  f e a s i b l e  process t o  form SNG is t h a t  
i t  can use a l l  types of c o a l ,  from low-rank l i g n i t e  t o  the higher bituminous grades. 
I n  f a c t ,  t h e  lower-rank, less-expensive c o a l s  a r e  o f t e n  t h e  e a s i e s t  t o  gas i fy ,  claim 
IGT o f f i c i a l s .  

Numerous o the r  programs a r e  a l s o  making head-way t o  commercial usage, not  only 
I f o r  SNG, but  f o r  s y n t h e t i c  o i l  a s  well .  
I Among them a r e  FMC Corp.'s experimental COED p i l o t  p l a n t  which converts  c o a l  t o  

s y n t h e t i c  crude o i l ,  medium-Btu gas,  and a char. The Navy has t e s t e d  t h e  crude by 
powering t h e  des t royer  USS Johnson on a 30-hour c ru i se .  Resul ts  a r e  t o t a l l y  sat- 
i s f a c t o r y ,  and performance is  s a i d  t o  be ind i s t ingu i shab le  from t h a t  of s tandard 
f u e l  o i l .  

FMc's process is a "cracking," o r  pyro lys i s  technique i n  which t h e  c o a l  is crushed 
and decomposed by hea t  t o  produce a heavy o i l  tKat is  subsequently t r e a t e d  by hy- 
drogen under pressure  t o  make the  s y n t h e t i c  crude o i l .  The medium-400-to 500--Btu 
gas is an "off gas'' of t h e  pyro lys i s  process. 

The COED p l a n t  produces one b a r r e l  of o i l ,  9,000 cubic f e e t  of gas (650 cubic 
. meters) ,  and 0.5 tons of char from each ton of coal.  Fur ther  processing,  o f f i c i a l s  

claim, may make t h i s  y i e l d  more useful .  .. 
Unlike HYGAS and COED, a combined Stone & Webster and Gulf General Atomic program 

t r e a t s  c o a l  a s  a b a s i c  hydrocarbon and increases  t h e  hydrogen content  from t h e  5% 
n a t u r a l  t o  t h e  usable  25% methane level. 

To do t h i s ,  S&W uses a high temperature, gas-cooled nuclear  r e a c t o r  i n  t h e  g a s i f i -  

1 .  
c a t i o n  sequence as t h e  hea t  source f o r  producing t h e  hydrogen. 

This has  the  advantage of producing 30% more eco log ica l ly  acceptable  f u e l  pe r  
u n i t  c o a l  than systems using coa l  f o r  both the  feedstock and process heat .  

Even t h e  o ld  European standby---the Lurgi process,  developed i n  Germany i n  1936 
i n  which coa l ,  preheated steam', and on-si te  produced oxygen a r e  fed  i n t o  t h e  gasifier--- 
is being f u r t h e r  inves t igated .  F. Donald Hart ,  the  AGA p res iden t ,  r e p o r t s  20,000 
tons of U.S. c o a l  have been exported t o  t h e  B r i t i s h  Gas Corp.'s p l a n t  a t  Westf ield,  
Scotland. Should t h e  process prove s u f f i c i e n t l y  e f f i c i e n t ,  i n s t a l l a t i o n  of Lurgi  
p l a n t s  i n  t h e  U.S. could r e s u l t .  

While many a r e  curs ing t h e  energy squeeze, o the r s  a r e  p ra i s ing  i t  as providing 
needed prodding t o  R&D ingenuity. The f a c t  t h a t  "Necessity is the  mother of In- 
vention" i s  unshakable. That her reprimands a r e  o f t e n  blessings-in-disguise may 
a l s o  come t o  be widely recognized. 

INSTITUTE OF GAS TECHNOLOGY'S HYGAS PROCESS DEMONSTRATES SUCCESSFUL COAL GASlFlCATlON 
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NEW ERA' FOR ENERGY 
bv Pau l  Harvey. Na t iona l  Columnist 
- 4  # .  

(Reprinted from Pay D i r t ,  December 24, 1973) 

A B r i t i s h  e d i t o r ,  Bart C o l l i n s ,  s a y s  t h e  f u e l  sho r t age  w i l l  b e  good f o r  us! 
H e  s a y s  t h e  United S t a t e s  has  t h e  ingenu i ty  t o  f i n d  o t h e r  k inds  of k i n d l i n g  f o r  

t h e  f i re - - -a l l  k inds  of untapped sources  of energy---leaving us  b e t t e r  o f f  and in-  
dependent of anybody. The f u e l  c r i s i s ,  s a y s  t h i s  obse rve r ,  is  " the  b e s t  t h ing  t h a t ' s  
happened t o  America." 

What e x c i t i n g  y e a r s  t h e s e  next  10  w i l l  be! We'll see t h e  second coming of age  
f o r  nuc lea r  energy bu t  t h a t ' l l  be  j u s t  p a r t  of it. 

Off F l o r i d a  they may s i n k  t u r b i n e s  i n  t h e  Gulf Stream and ha rnes s  a movement 
of wa te r  g r e a t e r  t han  10,000 Niagaras .  I n  t h e  Far  West s t a t e s  t h e y ' l l  g e n e r a t e  
e l e c t r i c i t y  w i t h  inc reased  development of geothermal steam. 

Off t h e  "rock-bound c o a s t  of Maine" t h e  su rg ing  t i d e s  w i l l  produce commercial 
q u a n t i t i e s  of mechanical and e l e c t r i c a l  power from an  i n e x h a u s t i b l e  and nonpollut-  
i n g  source---the n a t u r a l  ebb and f low of t he  ocean. 

C a l i f o r n i a  and t h e  Southwest, w i t h  t h e i r  p l e n t i f u l  sunshine ,  w i l l  c rash- research  
new a p p l i c a t i o n s  of s o l a r  energy more than  adequate  f o r  t h e  energy needs of t hose  
areas. 

Our wide rangelands w i l l  r e v e r t  t o  an  a n c i e n t  source---windpower---harnessing 
i t  w i t h  s o p h i s t i c a t e d ,  s t r eaml ined  windmil ls .  

And i n  a r e a s  dependent upon sun o r  wind-power, e l e c t r i c i t y  w i l l  be conserved 
i n  supe r s to rage  b a t t e r i e s  f o r  t hose  pe r iods  when the  sun  doesn ' t  s h i n e  and t h e  wind 
doesn' t blow. 

There w i l l  a l s o  be  sou rces  of energy I c a n ' t  name now because they a r e n ' t  even 
i n  t h e  d i c t i o n a r y  yet! 

I f  a l l  t h e s e  a l t e r n a t i v e  energy sources  a r e  w i t h i n  r each ,  why have they  n o t  been 
developed a l r eady?  

Two reasons:  
F i r s t :  P l e n t i f u l  o i l  and gas t r a n q u i l i z e d  us.  
Second: O b s t r u c t i o n i s t s  para lyzed  us.  
Some of us  who were ecology consc ious  a  quar te r -century  ago have backed of f  i n  

r e c e n t  y e a r s  as t h e r e  emerged a  l e g i o n  of i n s t a n t  e x p e r t s  on every th ing .  Hollywood 
p l a y  a c t o r s  se l f -appoin ted  themselves s c i e n t i f i c  guard ians  of our  n a t u r a l  resources .  

Organiza t ions  of do-gooders---some of them genuinely meaning t o  do good---cropped 
up, c o l l e c t e d  dues ,  f i l e d  l a w s u i t s ,  

They para lyzed  a t  l e a s t  s i x  power-dam p r o j e c t s  t h a t  I know o f .  They a r r e s t e d  
t h e  development of nuc lea r  energy,  c a l l i n g  i t  "hazardous", though t h e r e  has n o t  been 
one mishap of consequence dur ing  t h e  20 y e a r s '  development of nuc lea r  energy. 

They s h u t  down whole i n d u s t r i e s  which were a l l e g e d l y  " r a i s i n g  the tempera ture  of 
r i v e r  water" a f r a c t i o n  of a  degree. "What of t h e  f i s h ? "  they c r i e d .  

But now we ' re  running o u t  of gas .  We're shivering--- just  a l i t t l e  b u t  j u s t  
enough t o  sobe r  up those  se l f -educa ted  e c o l o g i s t s  who have been overrunning t h e i r  
head l igh t s .  

But Americans do t h e i r  b e s t  when t h e r e ' s  i n c e n t i v e .  I have heard from two l ady  
schoo l t eache r s  i n  Lufk in ,  Texas, who a r e  running t h e i r  c a r  on whisky. 

Wasn't t h a t  r a t h e r  expensive,  I asked? They expla ined  t h a t  they  have a s p e c i a l  
formula f u e l  which r e q u i r e s  only  p o t a t o  pee l ings  and water  and sugar .  They s a y  
t h e i r  " rec ipe"  j u s t  has  " a l l  k inds  of energy." 

INDIANA FARMER USES HOMEMADE POWER 
-(Reprinted from Fai rbanks  Da i ly  News-Miner , Feb . 7,  1974. ) 

While t h e  rest of u s  s h i ~ e r ' t h r o u ~ h - t h e  coming months and worry about  g a s o l i n e  
r a t i o n i n g ,  a t  least one Ind iana  farmer p l a n s  t o  be  cozy t h i s  w i n t e r  w i thou t  u s ing  
any f u e l  o i l  a t  a l l .  



Richard Shu t t l ewor th  of Redkey, Ind iana ,  has  cons t ruc t ed  and i s  now o p e r a t i n g  
I 

an ingenious  dev ice  t h a t  simply and a u t o m a t i c a l l y  t ransforms o rd ina ry  cow manure I 

i n t o  "homemade f u e l  o i l "  and "homemade gasol ine"  w i t h  which he  can  r u n  an auto-  
mobile eng ine ,  power a gas  s t o v e ,  f u e l  lamps, o p e r a t e  a gas r e f r i g e r a t o r ,  and f i r e  
a space  h e a t e r .  

According t o  t h e  Mother E a r t h  News, Shut t lewor th  has  b u i l t  a methane g e n e r a t o r ,  
a l a r g e  composting u n i t  t h a t  t u r n s  o r g a n i c  was te  of any kind---plant, animal  o r  
human---into n i t rogen- r i ch  f e r t i l i z e r  and methane gas.  Methane i s  t h e  major com- 
ponent of t h e  n a t u r a l  gas  t h a t  is commonly used t o  h e a t  houses and f u e l  i n d u s t r i a l  
p rocesses .  

The i d e a  i s  a c t u a l l y  a n  o ld  one t h a t  h a s  been used e x t e n s i v e l y  i n  fuel-poor  
c o u n t r i e s  such a s  I n d i a  f o r  a number of yea r s .  U n t i l  Shu t t l ewor th  p u t  t oge the r  
h i s  u n i t ,  however, l i t t l e  o r  p r a c t i c a l  v a l u e  had been done w i t h  t h e  concept  i n  
t h e  United S t a t e s .  

Now t h a t  a working gene ra to r  has  shown t h a t  i t  can  produce u s a b l e  q u a n t i t i e s  of 
high-grade f u e l  on a Hoosier c a t t l e  spread  though, i t  might n o t  b e  long b e f o r e  a 
s i z a b l e  number of U.S. and Canadian consumers s t a r t  c lamoring f o r  t h e  commercial 
market ing of d i g e s t e r s .  

( ~ d i t o r ' s  no te :  It has  l ong  been t h i s  obse rve r s '  op in ion  t h a t  t h e  f i n d i n g  
of a p r a c t i c a l  a p p l i c a t i o n  f o r  o rgan ic  was te  was so lved  y e a r s  ago by c e r t a i n  
c i g a r  manufacturers  . ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

THE SMALL MINER---VALUING A MINE 
by Arden L. Larson, Multi-Metals,  Inc.  

(Reprinted from The Mining Record, Aug. 29, 1973) 

The s u b j e c t  of t h e  v a l u e  of a mine i s  g e n e r a l l y  n o t  a t  a l l  understood by t h e  

I sma l l  miner.. S jnce  we do n o t  go around buying mines v e r y  o f t e n ,  w e  a r e  n o t  i n  t h e  
bus ines s  of a p p r a i s i n g  them. More o f t e n ,  w e  a r e  t h e  f e l l ows  who are s e l l i n g  t h e  mine. 
Thus i t  is  impor tan t  f o r  u s  t o  understand t h e  viewpoint  of t h e  mine buyer. 

F i r s t ,  a mine is  n o t  worth what i t  produces.  How o f t e n  have you heard t h a t  such 
and such a mine produced a m i l l i o n  d o l l a r s  worth of go ld?  How t h e  f e l l o w  who t e l l s  
t h i s  t a l e  o f t e n  does n o t  con t inue  i t  f a r  enough. The mine t h a t  produced t h i s  l a r g e  
a sum of money might have l o s t  money i n  doing i t .  It might  have c o s t  them two 
m i l l i o n  d o l l a r s  t o  produce t h e  gold! However, our  l o c a l  mining h i s t o r i a n s  i gnore  
t h i s  f a c t  and go on t e l l i n g  t h e  world t h a t  t h e  mine produced t h i s  much and i n f e r r i n g  
t h a t  t h e  guy who owned i t  made a m i l l i o n  d o l l a r s .  This  type  of atmosphere has 
caused some v e r y  b i g  letdowns f o r  sma l l  miners  when they  r e c e i v e  a n  o f f e r  f o r  t h e i r  
mine. It  has  a l s o  r e s u l t e d  i n  some ve ry  good p r o p e r t i e s  remaining i d l e  because 
some mining company d i d n ' t  o f f e r  what t h e  owner thought  i t  was worth. L e t  u s  hope 
through b e t t e r  unders tanding  t h a t  t h e s e  mines can h e l p  a l l e v i a t e  our  m e t a l  sho r t age .  

, Suppose t h a t  you have a mine w i t h  proven o r e  r e s e r v e s  of one m i l l i o n  d o l l a r s  i n  
va lue .  From my above d i s c u s s i o n  you know t h a t  i t  i s n ' t  worth one m i l l i o n  d o l l a r s  
t o  s e l l  i t ,  s o  l e t  me e x p l a i n  what i t  might be  worth. L e t  u s  assume t h a t  t h i s  o r e  
w i l l  t a k e  t e n  y e a r s  t o  mine, t hus  you could produce one hundred thousand d o l l a r s  pe r  
yza r  from t h i s  mine. Now, t h a t  money is your t o t a l  s a l e s ,  you s t i l l  have t o  pay 
f o r  mining, m i l l i n g ,  and a l l  of t h e  o the r  c o s t s .  

For  t h i s  example, l e t  us  assume t h a t  t h e r e  is  no c a p i t a l  c o s t .  That is  t h a t  
t h e  m i l l i n g  i s  done on a custom b a s i s ,  thus  you would n o t  have t o  d e p r e c i a t e  t h e  
c o s t  of t h e  m i l l .  F u r t h e r ,  l e t  us  assume t h a t  t h e  necessary  mining machinery has  
been brought  i n  from ano the r  p rope r ty  where i t s  c o s t  has  a l r e a d y  been recovered.  
Thus w e  a r e  g iv ing  t h i s  example a r e a l  break ,  t h e  only  c o s t s  a r e  t h e  d i r e c t  c o s t  of 
mining and custom m i l l i n g .  

L e t  u s  assume t h a t  t h e  o r e  i s  wor th  f i f t y  d o l l a r s  g r o s s  v a i u e  p e r  ton.  A s  we 
a l r eady  s a i d ,  we mine one hundred thousand d o l l a r s  worth p e r  y e a r  o r  two thousand 
tons ,  We w i l l  assume a mining c o s t  of t e n  d o l l a r s  pe r  t o n  and a m i l l i n g  c o s t  of f i v e  
d o l l a r s  p e r  t o n  f o r  a t o t a l  d i r e c t  c o s t  of t h i r t y  thousand d o l l a r s  p e r  year .  Th i s  



would *mply a p r o f i t  of seventy  thousand d o l l a r s  pe r  yea r  b u t  t h i s  i s  wrong. We 
have n o t  f i g u r e d  i n  m i l l  l o s s e s ,  smel te r .charges ,  f r e i g h t ,  e t c . ,  s o  l e t ' s  assume t h a t  
we r e a l i z e  only s i x t y - f i v e  per  c e n t  of s i x t y - f i v e  thousand d o l l a r s .  Thus t h e  p r o f i t  
of t h i s  mine would be t h i r t y - f i v e  thousand d o l l a r s  per  yea r  f o r  t e n  y e a r s  o r  t h r e e  
hundred and f i f t y  thousand d o l l a r s  t o t a l .  

So, what is  t h e  mine worth? D e f i n i t e l y  n o t  a m i l l i o n  d o l l a r s  o r  even h a l f  of 
t h a t .  I t  i s n ' t  worth t h r e e  hundred f i f t y  thousand d o l l a r s  e i t h e r ,  because t h a t  is 
a l l  t h a t  w i l l  be r e tu rned  t o  t h e  buyer i f  eve ry th ing  remained e x a c t l y  a s  i t  i s  today. 
Well, you a l l  know t h a t  wages and p r i c e s  a r e  n o t  going t o  remain t h e  same, they  a r e  

going t o  i nc rease .  The problem then  a r i s e s  of p r o j e c t i n g  c o s t  i n c r e a s e s  and hoping 
t h a t  meta l  p r i c e s  w i l l  i n c r e a s e  accord ingly .  H i s to ry  has shown t h a t  t h i s  i s  n o t  t h e  
case .  The p r i c e  of l e a d  was h ighe r  twenty y e a r s  ago than  i t  is now! Thus i n  buying 
a mine t h e r e  i s  a g r e a t  d e a l  of r i s k  involved.  

The mine, when i t  i s  reduced t o  a p r o f i t  per  y e a r  f i g u r e  on a p i e c e  of pape r ,  
is j u s t  l i k e  any o t h e r  i n v e s t r ~ e n t .  What i s  t h e  r e a l  va lue  of t h i s  investment  today? 
This  can be  computed by s e v e r a l  d i f f e r e n t  formulas  which d i scoun t  t h e s e  f u t u r e  earn- 
i n g s  of t h e  mine t o  today ' s  d o l l a r s .  What t h i s  means i s  t h a t  t h e  p r o f i t  of t h e  t e n t h  
y e a r  of t h i r t y - f i v e  thousand d o l l a r s  i s  n o t  worth t h a t  much today. L e t  me e x p l a i n  
i t  l i k e  t h i s .  Suppose I were t o  s e l l  you t e n  hundred d o l l a r  b i l l s  t o  be  d e l i v e r e d  i n  
t e n  yea r s .  Would you pay one thousand d o l l a r s  t o  me now? No. You would t h i n k  of 
a l l  s o r t s  of r ea sons  why you shou ldn ' t  do t h a t ,  i n  p a r t i c u l a r  i n f l a t i o n .  I n  t e n  
y e a r s ,  t h e  purchasing power of t h a t  thousand d o l l a r s  would probably b e  much less than  
what i t  i s  now. Furthermore,  you could t a k e  your money and i n v e s t  i t  i n  a bank (a  
s a f e  investment)  a t  an  i n t e r e s t  r a t e  of s i x  per  c e n t .  Thus your bank book would be 
worth about  e igh teen  hundred d o l l a r s  i n  t e n  yea r s .  O r  you could p u t  s i x  hundred 
d o l l a r s  i n  t h e  bank and i n  t e n  y e a r s  have your t e n  hundred d o l l a r  b i l l s .  Remember, 
t h i s  i s  w i t h  a s a f e  investment .  

With t h i s  i n  mind, then  what i s  t h e  worth of t h a t  t e n t h  y e a r ' s  p r o f i t s ?  I f  
you d i scoun t  those  p r o f i t s  a t  s i x  p e l  cen t ,  Lhey are worth n i n e t e e n  thousand f i v e  
hundred t h i r t y  d o l l a r s  i n  today ' s  d o l l a r s .  They l o s e  almost  ha l f  of t h e i r  v a l u e  by 
be ing  t e n  y e a r s  away. This  whole method of d i scoun t ing  might make a l i t t l e  more sense  
i f  you compared i t  t o  an  annu i ty  t h a t  you might buy from an  in su rance  company. I n  
f a c t ,  t h e  mine can be  compared t o  an annu i ty  of t h i r t y - f i v e  thousand d o l l a r s  p e r  
year  f o r  t e n  years .  You could  purchase an annu i ty  of t h i r t y - f i v e  thousand d o l l a r s  p e r  
yea r  f o r  t e n  y e a r s  f o r  a l i t t l e  over  one q u a r t e r  of a m i l l i o n  d o l l a r s .  

Does t h i s  mean t h a t  t h e  mine is  worth t h a t  much? No, i t  doesn ' t  because t h e  an- 
n u i t y  is a s a f e  investment .  There is  such a l a r g e  amount of r i s k  involved i n  mining 
t h a t  t h e  ' tvaluet '  o f  t h e  mine must be  f u r t h e r  d i scounted  due t o  t h e  r i s k  f a c t o r .  A 
d i scoun t  f i g u r e  of f i f t y  p e r  c e n t  is  n o t  a t  a l l  uncommon. Thus w e  have f i n a l l y  ar- 
r i v e d  a t  a v a l u e  f o r  t h i s  m i l l i o n  d o l l a r  mine of one hundred twenty f i v e  thousand 
d o l l a r s .  

You w i l l  r e c a l l  t h a t  we gave t h i s  mine a l l  of t h e  breaks  i n  n o t  having any c a p i t a l  
c o s t s  involved.  I f  we were t o  p u t  t h e  burden of b u i l d i n g  a m i l l  and buying mining 
machinery upon t h e  c o s t  of t h e  mine, w e  would r a p i d l y  f i n d  o u t  t h a t  w e  could n o t  
a f f o r d  t o  buy t h e  mine f o r  anyth ing  because of t h e  r i s k  f a c t o r  involved.  Ca r r i ed  a 
l i t t l e  b i t  f a r t h e r ,  i f  t h e  mine were g iven  t o  u s ,  we c o u l d n ' t  a f f o r d  t o  gamble t h e  
c o s t  o f  a m i l l  and mining equipment. It is  no small wonder why b i g  mining companies 
go a f t e r  b i g  mines. 

Le t  u s  look  a t  t h e  guy who s e l l s  t h e  mine. We have s a i d  t h a t  t h e  mine might be  
worth one hundred twenty f i v e  thousand d o l l a r s  under t h e  r i g h t  c ircumstance.  Does 
t h a t  mean t h a t  he  w i l l  make t h a t  much? No, i t  doesn ' t ,  mainly because t h e  o r e  has  

, t o  b e  found and proven. I n  o rde r  t o  r e c e i v e  a n  o f f e r  f o r  t h i s  amount, t h e  owner must 
have gone t o  cons ide rab le  expense i n  proving h i s  orebody e i t h e r  by d r i l l i n g  o r  c ross -  
c u t t i n g  t o  o b t a i n  a l a r g e  number of r e p r e s e n t a t i v e  samples of t h e  ore .  Thus h i s  
expense i n  t h e  e x p l o r a t i o n  .and d iscovery  of t h e  o r e  body may e a s i l y  exceed f i f t y  
thousand d o l l a r s .  Even s o ;  t h e r e  is room f o r  him t o  make some money. 

I " 



The va lua t ion  of a mine is a d i f f i c u l t p ~ o b l e m  f o r  both t h e  buyer and seller. 
* 

The understanding of t h e  o t h e r  fe l low's  problems is  the  f i r s t  s t e p  t o  a success fu l  
business re la t ionsh ip .  
(Edi tor ' s  note: M r .  Larson's address is f requent ly  asked f o r  by subscr ibers .  H i s  
a r t i c l e s  w e r e  o r g i n a l l y  published i n  The Mining Record, 290 Filmore, S u i t e  301, 
Denver, CO. 80206. M r .  Larson is  t h e  p res iden t  of Multi-Metals, Inc. ,  of Ilse 
Route, Canon Ci ty ,  CO. 81212.) 

METALS MARKET 

Antimony o r e ,  s t u  equivalent ,  
European o re  

Barite ( d r i l l i n g  mud grade 
p e r  ton) 

Beryl ore- S tu. 
Chrome ore  pe r  long ton 
Copper p e r  lb .  
Gold pe r  oz. 
Lead per  lb .  
Mercury pe r  76# f l a s k  
Molybdenum conc. per  lb .  

. Nickel per  l b .  (cathode) 
Platinum per  oz. 
S i l v e r ,  New York, per  oz. 
(Handy & Harman) 
Tin  pe r  l b . ,  New York 
Titanium o r e  per  ton (I lmenite)  
Tungsten per  unit(GSA Domestic) 
Zinc pe r  lb .  

Feb. 22, 1974 

$18.9-19.9 

Month Ago 

$19.45-20.55 

Year Ago 

$7.60-8.60 

MINERALS CONFERENCE SLATED 

The 1974 P a c i f i c  Northwest Metals and Minerals Conference w i l l  be held in S e a t t l e  
on A p r i l  25th and 26th. J o i n t  sponsors of t h e  conference, t o  be held a t  t h e  Washing- 
ton  Plaza  Hotel ,  a r e  t h e  North P a c i f i c  Sect ion AIME and the  Puget Sound Chapter of C. 

ASM. 
The two-day meeting w i l l  f e a t u r e  papers concerning energy resources and poss ib le  

so lu t ions  t o  environmental challenges.  Sessions a r e  planned deal ing wi th  non-ferrous 
m e t a l  mining, cons t ruc t ion  aggregates and i n d u s t r i a l  minerals.  Papers i n  t h e  f i e l d  
of metal lurgy w i l l  cover such top ics  a s  welding, f r a c t u r e ,  f a t i g u e  and melt ing,  and 
c a s t i n g  . 



a .  * NEW DOCUMENTS RELEASED .-- 
.The fo l lowing  DGGS documents have been r e l eased :  

AOF-39, Geochemical a n a l y s i s  of stream-sediment samples from t h e  
Ambler River  A-1, A-2, A-3, B-1, B-2, B-3, C-1,  C-2, and C-3 
quadrangles ,  Alaska,  by R.E. Garland,  G.H. P e s s e l ,  T.C. T r i b l e ,  
and W.W. McClintock, map s h e e t  (1:63,360), 3 d a t a  s h e e t s .  Send 
prepayment of $6.50 t o  McCauley's Reprographics ,  721 Gaffney Rd., 
Fa i rbanks ,  AK 99701. 

AOF-41, Coal b ib l iog raphy  f o r  Alaska,  by W.M. Lyle  and N . J .  Bragg, 
31 p. Send prepayment of $3.25 t o  Technica l  Supply, 729 F i r s t  
Avenue, Fa i rbanks ,  AK 99701. 

AOF-44, Est imated s p e c u l a t i v e  r ecove rab le  r e sou rces  of o i l  and 
n a t u r a l  gas  i n  Alaska, by R.M. Kle in ,  W.M. Lyle ,  P.L. Dobey, and 
K.M. O'Connor, 8 p . ,  t a b l e ,  map s h e e t  (1:250,000); $2.00, ~ c ~ a u l e y ' s  
Reprographics ,  721 Gaffney Rd., Fa i rbanks ,  AK 99701. 

AOF-47, G l a c i e r  Bay Na t iona l  Monument - k r a l u a t i o n  of m i n e r a l d e -  
p o s i t s ,  by D.L. McGee, 16  p . ,  map ( s c a l e  1:250,000). Send prepayment 
of $2.25 t o  Technica l  Supply, 729 F i r s t  Avenue, Fa i rbanks ,  A .  99701. 

MONEY---A MYSTICAL BOOM 
(From 'Newsweek, March 4 ,  1974) 

I n v e s t o r s  have concluded l a t e l y  t h a t  most major c u r r e n c i e s  w i l l  l o s e  much of t h e i r  
purchasing power i n  t h e  months ahead. The doubts  have s e t  o f f  a world-wide stampede t o  
buy t a n g i b l e  commodities of a l l  kinds:  copper ,  s i l v e r ,  suga r ,  even po ta toes .  Most of 
a l l  t h e  nervous are buying go ld ,  a m y s t i c a l  symbol of e t e r n a l  va lue .  The p r i c e  of gold 
rocketed  up t o  a r eco rd  $163 an  ounce i n  London l a s t  week, a lmost  double t h e  quote  a 
yea r  ago, and up $23.50 i n  less than  a month. 

The gold  r u s h  is  pa radox ica l  f o r  two reasons .  Gold p r i c e  l e a p s  used t o  r e f l e c t  
p r i m a r i l y  doubts  about  t h e  worth of t h e  d o l l a r  - - b u t  t h e  d o l l a r ' s  p r i c e  i n  f o r e i g n  
c u r r e n c i e s  has  g e n e r a l l y  been cl imbing f o r  t h e  p a s t  s e v e r a l  months. Also ,  t h e  v a l u e s  
of most major c u r r e n c i e s  a r e  no longe r  fo rma l ly  t i e d  t o  gold. But now i n v e s t o r s  are 
d i s t u r b e d  by f o r e c a s t s  t h a t  i n f l a t i o n  w i l l  average  c l o s e  t o  9% i n  t h e  U.S. t h i s  y e a r ,  
10% t o  15% i n  Europe, a s  much a s  20% i n  Japan. That means t h a t  paper  c u r r e n c i e s  w i l l  
buy s t e a d i l y  fewer goods and s e r v i c e s ,  no matter what t h e  p r i c e  a t  which they  can  b e  
exchanged f o r  each o t h e r .  

Now, gold is  being purchased a v i d l y  by j u s t  about  anyone w i t h  a s s e t s  t o  p r o t e c t :  
c o r p o r a t i o n s ,  banks, Arab o i l  s h e i k s ,  o f f s h o r e  mutual funds ,  Germans who s t i l l  remember 
t h e  w a l l p a p e r i z a t i o n  of t h e i r  cur rency  i n  t h e  W e i m a r  y e a r s ,  and French farmers .  

Even American c i t i z e n s  a r e  j o i n i n g  t h e  rush.  They cannot  y e t  l e g a l l y  buy gold b a r s ,  
b u t  they  have always been permi t ted  t o  own gold co ins .  S a l e s  of B r i t i s h  sovere igns .  
Mexican 50-peso co ins  and good o l d  double e a g l e s  (U.S. $20 gold p i e c e s )  are booming. 
I n  t h e  p a s t  two weeks a lone ,  double e a g l e s  t r aded  i n  New York have gone from $200 a p i e c e  
t o  n e a r l y  $300. 

Some c e n t r a l  bankers  a r e  showing renewed i n t e r e s t  i n  go ld ,  t oo ,  a l though i t  is 
supposed t o  be  phased o u t  of t h e  world monetary system. Some government o f f i c i a l s  have 
suggested t r i p l i n g  o r  quadrupl ing t h e  " o f f i c i a l "  $42.22 p r i c e  of gold he ld  by govern- 
ment banks; t h a t  might enable  some n a t i o n s  t o  exchange gold f o r  ano the r  c o s t l y  
commodity, imported o i l .  The U.S. opposes any move t h a t  would enhance t h e  r o l e  of 
gold i n  i n t e r n a t i o n a l  f inance .  I f  the Common Market c o u n t r i e s  r a i s e d  t h e  o f f i c i a l  
p r i c e  and t h e  U.S. and o t h e r  n a t i o n s  d i d  n o t ,  t h e  move might be i n t e r p r e t e d  i n  t h e  
'markets a s  amounting t o  a deva lua t ion  of tFeir $u r renc ie s ,  a l though under t h e  p r e s e n t  
r u l e s  of t h e  monetary system i t  a c t u a l l y  would n o t  be. A Common Market r e v a l u a t i o n  of 



- 10. 
1 . .  

gold without  agreement from o the r  countr ie3;  I~oaever ,  would v i o l a t e  the  r u l e s  of t h e  
I n t e r n a t i o n a l  Monetary Fund. 

Whatever happens t o  t h e  o f f i c i a l  p r i c e ,  t r a d e r s  can s e e  l i t t l e  t h a t  might b r ing  
t h e  free-market p r i c e  down soon. Production i n  South Af r i ca ,  which mines most of t h e  
world's gold,  has been dec l in ing  i n  r e c e n t  yea r s  a s  ve ins  become played out---a t rend 
t h a t  has helped keep the  p r i c e  up. Contrary t o  myth, however, gold purchasing i s  no t  
without  r i s k .  The world supply a v a i l a b l e  f o r  t r ad ing  is  s o  smal l  t h a t  the  sudden 
sale of a few m i l l i o n  d o l l a r s '  worth could y e t  send the  p r i c e  plunging. 

PARTIALLY FLOWN AEROMAG MAPS AVAILABLE 

Now a v a i l a b l e  a r e  t h e  l a s t  two maps of the  1973 aeromagnetic p ro jec t .  The maps 
are of t h e  Talkeetna C-4 and D-4 quadrangles,  which were only p a r t i a l l y  flown be- 
cause of poor f l y i n g  weather. The maps c o s t  $1.05 prepaid o r  $1.00 i f  purchased a t  one 
of t h e  four  DGGS o f f i c e s  (Anchorage, Fairbanks,  Juneau, Ketchikan). 

S t a t e  of Alaska 
Department of Natura l  Resources 
Divis ion  of Geological  & Geophysical Surveys 
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