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A SYSTEMATIC METHOD FOR'RESOURCE RATING WITH TWO APPLICATIONS 

TO POTENTIAL WILDERNESS AREAS 

A. H. Voelker 
H. Wedow 
E. Oakes 

P. K. Sche f f l e r  

ABSTRACT 

A v e r s a t i l e  method has been developed t o  r a t e  the energy- and mineral-resource 
p o t e n t i a l s  o f  areas i n  which land management and resource development decis ions must be 
reached w i t h  a minimum expendi ture o f  money and time. The method (1) surveys publ ished 
and personal in fo rmat ion  on resources i n  the reg ion  being assessed, ( 2 )  se lec ts  the most 
appropr ia te  informat ion,  (3 )  synthesizes the  in fo rmat ion  i n t o  map over lays and t r a c t  
descr ip t ions ,  ( 4 )  r a t e s  the  p o t e n t i a l  o f  t r a c t s  f o r  p a r t i c u l a r  resources, (5) ra tes  the  
o v e r a l l  importance o f  each t r a c t  f o r  resource development, and ( 6 )  documents the r a t i n g s  
and t h e i r  s ign i f i cance.  

F i r s t ,  when t ime cons t ra in t s  preclude ga ther ing  new data, the  method u t i 1  i zes  e x i s t i n g  
data and the personal knowledge o f  experts. 
process i s  based on p r i n c i p l e s  o f  small-group i n t e r a c t i o n .  
bu i l d ing ,  and i n t e r n a l  r a t i n g  checks are f a c i l i t a t e d  by t h i s  design. Th i rd ,  the method 
produces th ree  unique r a t i n g s  t o  a i d  the dec is ion  maker. 
coupled i n  a dual r a t i n g  t h a t  de l ineates  the  geologic f a v o r a b i l i t y  o f  the area f o r  each 
resource and the  c e r t a i n t y  of the  occurrence o f  each resource i n  the  area, i n  which 
bo th  f a v o r a b i l i t y  and c e r t a i n t y  a re  scaled from 1 through 4. Once dual r a t i n g s  are  
assigned f o r  a t r a c t ,  the  t h i r d  ra t i ng ,  o v e r a l l  importance, i s  assigned t o  the  t r a c t  
by using predetermined c r i t e r i a ,  i nd i v idua l  resource ra t ings ,  and o ther  p e r t i n e n t  back- 
ground in fo rmat ion  gathered p r i o r  t o  the  r a t i n g  exercise.  Basic c r i t e r i a  considered 
by the  assessment team inc lude (1) the f a v o r a b i l i t y  and c e r t a i n t y  ra t i ngs ,  ( 2 )  the  
o v e r a l l  a v a i l a b i l i t y  o f  each ra ted  resource w i t h i n  t h i s  country,  (3) the  s i ze  o f  a given 
t r a c t ,  ( 4 )  economic fac to rs ,  and (5)  the number o f  resources i n  a t r a c t .  

the  Idaho-Wyoming-Utah t h r u s t  b e l t  and the cen t ra l  Appalachians. 
o f  na t i ona l  f o res t l and  i n  these regions t h a t  are being considered f o r  poss ib le  designa- 
t i o n  under the Roadless Area Review and Evaluat ion (RARE 11) planning process were 
r a t e d  f o r  t h e i r  resource value. The r e s u l t s  o f  the assessment support e a r l i e r  ind ica-  
t i o n s  t h a t  the  63 t r a c t s  comprising the western t h r u s t  b e l t  possess a h igh  po ten t i a l  
f o r  f u t u r e  resource development. Near ly one-half o f  these t r a c t s  were ra ted  e i t h e r  3 
o r  4. 
t h a t  some t r a c t s  o r  po r t i ons  o f  t r a c t s  can be added t o  the Nat ional  Wilderness System 

The method d i f f e r s  from t r a d i t i o n a l  assessment procedures i n  th ree  s i g n i f i c a n t  ways. 

Second, the  design o f  the  sub jec t ive  r a t i n g  
Data synthesis, consensus 

Two o f  these r a t i n g s  are 

The method has been app l ied  t o  two separate bu t  roughly s i m i l a r  geologic regions, 
Undeveloped t r a c t s  

However, the  wide spread o f  the importance r a t i n g s  between 1 and 4 suggests 

resource development. The 72 eastern t h r u s t  b e l t  t r a c t s  were 
which ind ica tes .  the reduced s ign i f i cance  o f  the few remaining roadless 
i n  s a t i s f y i n g  the na t i on ' s  near-term resource needs. 
the  r a t i n g s  by t h i s  method w i t h  r a t i n g s  produced by o ther  groups 
agreement b u t  shows our method t o  be more sens i t i ve  t o  i n d i v i d u a l  

w i thout  compromising 
given lower ra t i ngs ,  
areas i n  t h i s  reg ion  

A comparison o f  
demonstrates general 
t r a c t  anomalies. 

1. THE ASSESSMENT. METHOD 

1.1 Overview Because o f  pas t  i n a t t e n t i o n ,  these lands are no t  
we l l  known, and resource developers do no t  

Greater demand and higher prices for energy qenera l l y  have s u f f i c i e n t  data t o  make well- 
informed resource decis ions w i thout  new explora- 
t i on .  However, competing and o f t e n  exclusionary 
land uses such as wilderness are f o r c i n g  premature 

and mineral  resources have focused a t t e n t i o n  on 
exp lo ra t i on  and development o f  lands prev ious ly  
considered t o  have low-resource p o t e n t i a l .  

1 



land-use decis ions w e l l  i n  advance o f  the 

normal explorat ion/development cycle.  

and apply the  r e s u l t s  o f  pas t  resource assess- 
ments t o  m u l t i p l e  land-use quest ions have 
experienced two problems. F i r s t ,  t r a d i t i o n a l  
assessment s tud ies  normal ly take from one t o  
th ree  years, depending on the  s i ze  o f  the  area 
being studied. Mounting pressure f o r  exclu- 
s ionary  land uses makes such t ime per iods 
inadequate t o  i d e n t i f y  and p r o t e c t  areas o f  
h igh  resource p o t e n t i a l .  Second, the  manner 
i n  which r e s u l t s  o f  assessments a re  repor ted  
i s  usua l l y  n o t  meaningful t o  the land manager 
o r  p o l i t i c i a n  un t ra ined i n  geology o r  mineral  
resources. Data and i n t e r p r e t a t i o n s  are 
repor ted  i n  a fac tua l  manner, resources are n o t  
ra ted  fo rmal ly ,  and no value judgment on the  
o v e r a l l  importance o f  the t r a c t  i s  attempted. 

Such va lue- f ree  r e p o r t i n g  i s  i n  p a r t  t o  
preserve the  " s c i e n t i f i c "  o b j e c t i v i t y  o f  the 
study b u t  a l so  i n  p a r t  t o  avo id  f o r c i n g  the  
p a r t i c i p a t i n g  agencies i n t o  consensus on 
value issues. The dec i s ion  o f  t r a c t  worth i s  
l e f t  t o  the  land manager o r  the  p o l i t i c a n .  
Unfortunately,  these dec is ion  makers have 
l i t t l e  s k i l l  i n  i n t e r p r e t i n g  the  geo log is t s '  
tab les  o r  t h e i r  guarded statements about 
poss ib le  new deposi ts.  
b r idge t h i s  communucation gap w i t h  p rec i se l y  
de f ined r a t i n g s  and documentation t h a t  a l l ow  
a given r a t i n g  t o  be t raced and checked 
through independent means. 

b r idge t h i s  comun ica t i on  gap and s t i l l  i d e n t i f y  
areas w i t h  high-resource p o t e n t i a l .  
procedure must be r a p i d  and must use e x i s t i n g  
data whenever t ime and money do n o t  a l low the  
c o l l e c t i o n  o f  f i e l d  data. The method described 

here s a t i s f i e s  these requirements through both . 

an improved r a t i n g  concept and a c a r e f u l l y  
, designed procedure. Design c r i t e r i a  under ly ing  

the  method are  l i s t e d  i n  Appendix I ,  and a 
d e t a i l e d  d e s c r i p t i o n  o f  the  procedure i s  
contained i n  Appendix 11. 

Decis ion makers a t tempt ing  t o  i n t e r p r e t  

Our method attempts t o  

A need e x i s t s  f o r  a procedure t h a t  can 

Such a 

The method depends on the e f f i c i e n c y  o f  a 

2 

t i g h t l y  k n i t  team o f  experts moving sys temat ica l l y  

through a se r ies  of dec is ion  steps. A core 

team o f  t h ree  i n d i v i d u a l s  manages the  process 
and maintains c o n t i n u i t y  throughout the several  
months requ i red  t o  conduct a reg iona l  assessment. 
Using p r i n c i p l e s  o f  group dynamics (Blake and 
Mouton 1961), the  team creates and maintains an 
environment conducive t o  mutual support  and 
consensus bu i l d ing .  

gather and synthesize data, t o  conduct r a t i n g  
sessions, and t o  document r e s u l t s .  The data 
synthesis and r a t i n g  a c t i v i t i e s  culminate i n  
two in tens i ve  work sessions i n v o l v i n g  i n v i t e d  
experts , who b r i n g  grea ter  personal knowledge 
and understanding i n t o  the  process. We depend 
on the  c o l l e c t i v e  judgment and personal know- 
ledge o f  the  team p lus  i n v i t e d  experts (1) t o  
adopt appropr ia te  resource-occurrence models , 
( 2 )  t o  i n t e r p r e t  and supplement ava i l ab le  

data, (3)  t o  ex t rapo la te  ava i l ab le  data t o  
t r a c t s  being evaluated, and (4)  t o  r a t e  the  
resource p o t e n t i a l  o f  the  t r a c t s .  However, 
l i m i t e d  data as we l l  as a l i m i t e d  understanding 
o f  resource accumulation i n  s p e c i f i c  environ- 
ments impairs assessment accuracy, no mat te r  
how good the  procedure. 
undeveloped regions, the  proposed method should 
be considered e i t h e r  as an i n i t i a l  judgment 
t h a t  i s  s u f f i c i e n t  f o r  beginning a planned 
exp lo ra t i on  program o r  as an expedient f o r  use i n  
m u l t i o b j e c t i v e  land-use decis ions when t ime o r  
money preclude new exp lo ra t ion .  

A review o f  the few approaches (Sect. 3.2) 
t h a t  have attempted t o  r a t e  subarea resource 
p o t e n t i a l  revealed t h a t  such systems usua l l y  
c rea te  a s i n g l e  r a t i n g  by combining an est imate 
of  the l i k e l i h o o d  o f  resource accumulation w i t h  
data on mineral  occurrences. 
i s  made t o  show the reasoning fo l lowed i n  c rea t -  
i n g  a r a t i n g .  

t e n t  and/or unduly in f luenced by occurrence data 

(Sect. 3.2). 
r a t i n g  f o r  each subarea i s  needed t o  i d e n t i f y  
t h a t  group o f  subareas having high-resource 
p o t e n t i a l ,  the  r a t i n g  i s  n o t  adequate t o  make 
wel l - informed decis ions between subareas i n  t h a t  

group. 

Primary tasks o f  the core team are  t o  

Thus, used f o r  

Usual ly,  no attempt 

Such r a t i n g s  are  o f t e n  incons is -  

Furthermore, al though a s ing le  
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b 

The method overcomes these d e f i c i e n c i e s  by 
means of th ree  unique r a t i n g s .  
p re ted  and synthesized by t h e  core  team and 

i n v i t e d  exper ts  t o  c rea te  a dual r a t i n g  
(Sect. 1.2) of each subarea f o r  each resource. 
These r a t i n g s  are  then considered w i t h  o ther  

in format ion t o  c rea te  an o v e r a l l  importance 
r a t i n g  (Sect. 1.3) f o r  each subarea. The 

o v e r a l l  importance r a t i n g  i s  equ iva len t  t o  the  
s i n g l e  r a t i n g  discussed above b u t  i s  super io r  

f o r  reasons t o  be described. The sequence o f  
steps fo l lowed i n  generat ing t h e  importance 
r a t i n g  forces t h e  core team through a l o g i c a l  
thought process and a l lows t h e  dec is ion  maker 
o r  techn ica l  exper t  t o  t r a c e  t h e  process 
f o l  1 owed. 

Data i s  i n t e r -  

The dual r a t i n g  charac ter izes  bo th  t h e  
geologic  f a v o r a b i l i t y  o f  an area f o r  each 
resource and t h e  c e r t a i n t y  t h a t  t h e  resource 
occurs i n  t h e  area. F a v o r a b i l i t y  i s  de f ined 
as the  p o t e n t i a l  o f  a p a r t i c u l a r  geolog ic  
environment t o  conta in  e x p l o i t a b l e  q u a n t i t i e s  
o f  minera l  resources. The f a v o r a b i l i t y  o f  
any reg ion  f o r  a p a r t i c u l a r  resource i s  based 

on commonly accepted occurrence models. These 
models a re  u s u a l l y  o n l y  mental cons t ruc ts  t h a t  
t r y  t o  e x p l a i n  t h e  geologica l  processes t h a t  
have combined t o  produce a minera l  deposi t .  
It i s  poss ib le  t o  apply  a model developed f o r  
one reg ion  t o  another reg ion  w i t h  s i m i l a r  

geology, a l though t h e  new reg ion  may n o t  be 
developed o r  even explored. The f a v o r a b i l  i ty 
r a t i n g  r e l i e s  on the  a b i l i t y  o f  resource 
s p e c i a l i s t s  t o  draw such inferences through 
resource-occurrence models. I n  t h i s  way, i t  

i s  poss ib le  t o  r a t e  t h e  f a v o r a b i l i t y  o f  
undeveloped reg ions f o r  which t h e  geology i s  
known b u t  f o r  which l i t t l e  e x p l o r a t i o n  has been 
accomplished. 

and 4, and e x p l i c i t  d e f i n i t i o n s  have been 

developed f o r  each o f  the  f o u r  l e v e l s .  
C e r t a i n t y  r e f e r s  t o  t h e  presence o r  

absence o f  a resource i n  a t r a c t .  

o f  c e r t a i n t y  i s  fundamental ly a statement o f  

reg ion-spec i f i c  o r  s i  t e - s p e c i f i c  occurrence and 

u s u a l l y  requ i res  the  ertrupoZution o f  these 
data t o  the t r a c t  from c u r r e n t l y  producing 

. 

The r a t i n g  i s  sca led between 1 

The degree 

min ing d i s t r i c t s ,  o l d  min ing d i s t r i c t s ,  o i l  and 
gas f i e l d s ,  o r  o t h e r  d i r e c t  evidence o f  resource 
occurrence. Thus, c e r t a i n t y  depends on past  o r  
c u r r e n t  production, s p e c i f i c  sampling, and 
d e t a i l e d  minera l  inves t iga t ions .  F a v o r a b i l i t y  
and c e r t a i n t y  a re  n o t  completely independent 
because a h i g h  c e r t a i n t y  (good data on resource 
ex is tence o r  nonexistence nearby) w i l l  modi fy  
l o c a l  f a v o r a b i l i t y .  Thus, these r a t i n g s  are  
assigned simultaneously. C e r t a i n t y  i s  sca led 
from 1 t o  4, and each o f  t h e  f o u r  l e v e l s  has an 
expl  i c i  t d e f i n i t i o n .  

r a t i n g  process, a specia l  e f f o r t  i s  made t o  
document the  bas is  f o r  team decis ions.  This  
documentation i s  accomplished through a form on 
which t h e  team records: 

Because sub jec t ive  inputs  a re  used i n  t h e  

1. p e r t i n e n t  in fo rmat ion  c o l l e c t e d  p r i o r  t o  
the  r a t i n g  exercise, 

2. t h e  r a t i n g s  assigned, and 

3. j u s t i f i c a t i o n  f o r  the  assignments. 

The form conta ins th ree  sect ions:  
t i o n ,  r a t i n g ,  and suppor t ing data. The form i s  
described f u r t h e r  i n  Sect. 1.4. 

area descr ip-  

Land-use p lanning u s u a l l y  requ i res  p u b l i c  
p a r t i c i p a t i o n .  
method (assessment forms, overlays, and a 
d e s c r i p t i v e  r e p o r t )  prov ide land managers w i t h  
t h e  in fo rmat ion  necessary t o  support dec is ions 
and t o  discuss those dec is ions w i t h  i n t e r e s t e d  
groups. 

be adapted t o  a v a r i e t y  o f  resource-assessment 
app l i ca t ions .  Poss ib le  app l i ca t ions  inc lude:  

i n  response t o  expected f u t u r e  demand o r  new 
resource models. 

t i o n  programs. I f  repeated a t  c r i t i c a l  dec is ion  
po in ts ,  the  method would he lp  t o  determine 
p r i o r i t i e s  f o r  investment o f  c a p i t a l .  

e x p l o r a t i o n  proceeded, r a t i n g s  would be rev ised 

by us ing  new and improved data. The d e f i n i t i o n  
o f  each r a t i n g  category and each o v e r a l l  
importance c r i t e r i o n  would become more exact  

The documents created by our  

The method designed i s  f l e x i b l e  and can 

1. Development o f  new exp lo ra t ion  programs 

2. Narrowing ta rge ts  i n  ongoing explora-  

As 
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as additional information became available. 
Guidance of exploration planning through 
iterative review of data gathered by explora- - 
tion and development projects has long been 
used by mining companies. However, details 
describing the procedures are seldom pub1 ished. 
We would welcome comparisons of our method 
with proprietary methods used by mining 
companies. 

management decisions on either public or 
private lands. 
resource values and other values such as 
ecologic, recreation, or aesthetic. Limited 
data often preclude precise comparison of 
values in making management decisions. 

cussed in Sect. 2. The applications assess 
the resource potential of tracts being con- 
sidered for possible wilderness designation 
under the RARE I1  planning process of the 
Forest Service (FS). Section 2.5 discusses 
the results of the two applications, and 
Sect. 3 evaluates the method, based on our 
experience. 

3 .  Resource assessments for use in land- 

Choices are made here between 

Two applications of the method are dis- 

1.2 Dual-Rating System 

After reviewing the pub1 ished resource- 
evaluation methods used by the FS (USDA 1978),  

the Department of Energy (DOE) (DOE 1978), and 
the U.S. Geological Survey (USGS) (Pearson 
1978) in the RARE I 1  program, we decided on a 
dual rating system. We designed a system that 
rates: 

1. favorability of the geologic environment 
for the accumulation of the resource and 

certainty that the resource actually occurs 
in the area, based on production, assays, 
geochemical sampling, and so forth. 

2. 

A detailed discussion with examples follows the 
formal definitions of favorability and certainty 
given below. 

1.2.1 Favorabi 1 i ty 

Favorability is the potential of a particu- 
lar geologic environment to contain exploitable 
quanti ties o f  mineral and energy resources. 
Favorability does not consider the feasibility 
of extraction, the accessibility to the tract, 
or other factors that might preclude economic 
development of the resource. The favorability 
of any region for a particular resource i s  
based on occurrence models. These models try 
to explain the geologic processes that have 
combined to produce a mineral deposit. 
developed for one region can be applied to 
another region with similar geology, even 
though the new region may not be developed or 
even explored. 
on the ability of resource specialists to draw 
such inferences through resource-occurrence 
models . 

The accuracy and resolution of available 
data do not seem to justify more than four 
favorability categories, which we have scaled 
between 1 and 4. Definitions of each rating 
level are as follows: 

A model 

Our favorability rating depends 

Rating Definition 
1 The lowest measure of favor- 

ability. The geology of the 
tract has none of the char- 
acteristics normally associ- 
ated with the resource being 
evaluated. In fact, most of 
the geological characteristics 
identified may adversely 
affect the accumulation of 
significant amounts of the 
resource. 

2 A lower intermediate level o f  

favorability. Some of the 
broad geologic characteristics 
needed for the accumulation of 
a particular resource are 
present, but the more specific 
characteristics do not sug- 
gest significant accumulati ons 
of the resource or, at best, 

. 
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Rat ing  D e f i n i t i o n  
i n d i c a t e  on l y  very  sca t te red  
and r e l a t i v e l y  small 
accumulations. 

3 A h igher  in te rmed ia te  l e v e l  
o f  f a v o r a b i l i t y .  A r a t i n g  o f  
3 i nd i ca tes  the  presence o f  
many broad reg iona l  character-  
i s t i c s  as we l l  as a few o f  
the more d e t a i l e d  fea tures  
associated w i t h  the  occurrence 
o f  a s p e c i f i c  resource. 

' 

4 The h ighes t  l e v e l  o f  favor -  
a b i l i t y .  The geology o f  the 
t r a c t  shows many reg iona l  and 
l o c a l  c h a r a c t e r i s t i c s  t h a t  a re  
known t o  be r e l a t e d  t o  the 
occurrence o f  the  resource 
being evaluated. Conversely, 
no adverse geologic character-  
i s t i c s  can be i d e n t i f i e d .  

1.2.2 Cer ta in t y  

Cer ta in t y  r e f e r s  t o  the  presence o r  absence 
o f  a resource i n  a t r a c t .  
c e r t a i n t y  i s  fundamental ly a statement o f  
reg ion -spec i f i c  o r  s i t e - s p e c i f i c  occurrence and 
usua l l y  requ i res  the  ex t rapo la t i on  o f  these data 
t o  the  t r a c t  from c u r r e n t l y  producing mining 
d i s t r i c t s ,  o l d  mining d i s t r i c t s ,  o i l  and gas 
f i e l d s ,  o r  o ther  d i r e c t  evidence o f  resource 
occurrence. Thus, c e r t a i n t y  depends on pas t  o r  
cu r ren t  product ion,  s p e c i f i c  sampling, and 
d e t a i l e d  mineral  i nves t i ga t i ons .  

t o  4 f o r  each resource. 
de f ined as fo l l ows :  

The degree o f  

Each t r a c t  i s  assigned a c e r t a i n t y  from 1 
Cer ta in t y  r a t i n g s  are  

Ra t ing  D e f i n i t i o n  

1 The lowest degree o f  cer-  

t a i n t y .  No d i r e c t  data 
(assays, analyses, o r  i d e n t i -  
f i c a t i o n  by o ther  means) a re  

ava i l ab le  t o  i n d i c a t e  the  

presence o f  the  resource, 
regardless o f  the  geologic 

Ra t ing  D e f i n i t i o n  
f a v o r a b i l i t y ,  and any d i r e c t  
evidence t h a t  does e x i s t  i s  so 
f a r  away as t o  preclude extrap- 
o l a t i o n  t o  the  t r a c t  under 
cons i dera t ion .  Accord i ng 1 y , 
the t r a c t  w i l l  be w e l l  ou ts ide  
any known resource d i s t r i c t .  

2 

3 

4 

A lower intermediate degree o f  
c e r t a i n t y .  As i n  the "1" cer -  
t a i n t y  ra t i ng ,  no d i r e c t  data 
support ing resource occurrence 
are  known f o r  the t r a c t .  How- 
ever, the t r a c t  must l i e  w i t h i n  
o r  c lose t o  a known resource 
d i s t r i c t  o r  near d i r e c t  e v i -  
dence o f  resource occurrence. 
Ex t rapo la t ion  from producing 
areas t o  the t r a c t  must, o f  
course, be based on sound and 
reasonable geologic inferences. 

A higher in te rmed ia te  degree 
o f  c e r t a i n t y .  A c e r t a i n t y  o f  
3 i s  assigned whenever a l l  ' 
cond i t ions  i n  "2"  are f u l f i l l e d  
and whenever there  i s  a t  l e a s t  
- one piece o f  d i r e c t  evidence 
f o r  resource occurrence w i t h i n  
the  t r a c t  (assays, and so on) 
o r  whenever ex t rapo la t i on  from 
producing areas t o  the t r a c t  
seems stronger than f o r  a 
c e r t a i n t y  i n  the op in ion  o f  
the resource s p e c i a l i s t s .  

The h ighes t  degree o f  cer-  
t a i n t y .  A 4 r a t i n g  i s  
assigned t o  t r a c t s  i n  a reg ion  
o f  abundant resource explora- 
t i o n  and e x p l o i t a t i o n .  For 

example, a t r a c t  w i t h  e x i s t -  

i n g  mines o r  o i l  and gas w e l l s  
would d e f i n i t e l y  be given a 

4. However, data showing the 
absence o f  resources can a lso  
strengthen c e r t a i n t y .  When 
used w i t h  a f a v o r a b i l i t y  o f  

"2" 
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Rat ing  D e f i n i t i o n  

\ 1, a c e r t a i n t y  o f  4 i nd i ca tes  
a h igh  degree o f  assurance 
t h a t  the  resource does n o t  
occur i n  the  t r a c t .  

1.2.3 Discussion of  the  dua l - ra t i ng  system 

The dua l - ra t i ng  system has a d i s t i n c t  
advantage over s i n g l e - r a t i n g  systems because i t  
o f f e r s  more i n fo rma t ion  t o  the  dec is ion  maker 

i n  cons ider ing  trade-offs among t r a c t s .  For 
instance, a t r a c t  w i t h  a h igh  f a v o r a b i l i t y  and 
a h igh  c e r t a i n t y  of resource occurrence would 
probably be assigned a nonwilderness designat ion 
by a land manager because of i t s  unquestioned 
importance f o r  resources. 
land  manager might designate a t r a c t  w i t h  the  
same h igh  f a v o r a b i l i t y  b u t  w i t h  low c e r t a i n t y  
t o  f u r t h e r  planning i n  o rder  t o  i nves t i ga te  i t s  
resource p o t e n t i a l .  The dec i s ion  maker may 
n o t  be ab le  t o  d i s t i n g u i s h  between the  two t r a c t s  
i n  a s i n g l e  r a t i n g  system even though the 
immediate energy and mineral  development poten- 

t i a l  i s  h igher  f o r  the  f i r s t  t r a c t .  
As de f ined above, f a v o r a b i l i t y  i s  an 

expression o f  the v a r i a t i o n s  o f  geology w i t h i n  
the  reg ion  being evaluated. 
occurrence data can in f l uence  the assignment 
o f  l o c a l  f a v o r a b i l i t y ,  which i nd i ca tes  t h a t  
f a v o r a b i l i  ty and c e r t a i n t y  a re  not completely 
independent. 
interdependence, the  steps fo l lowed by the team 
i n  assigning dual r a t i n g s  must be ou t l ined .  

The process begins by es tab l i sh ing  the  
o v e r a l l  o r  reg iona l  favorab i  li ty of those 
por t ions  o f  the  study reg ion  w i t h  a f a v o r a b i l i t y  

o f  2 o r  more f o r  a p a r t i c u l a r  resource. Regional 
f a v o r a b i l i t y  i s  based on the  a p p l i c a b i l i t y  o f  

resource-occurrence models. These models may be 
based on successful pas t  o r  present product ion 

o f  the  reg ion  being s tud ied  o r  from s i m i l a r  

geologic environments thousands o f  mi les  away 
t h a t  have o r  a re  c u r r e n t l y  producing the 
resource. The i n i t i a l  f a v o r a b i l i t y  o f  any 
reg ion  f o r  a resource may the re fo re  be 
es tab l i shed by the  record  o f  successful 

On the  o ther  hand, the  

However, resource- 

I n  o rder  t o  understand t h i s  

I 
product ion from s i m i l a r  areas anywhere i n  the 
world. 
f a v o r a b i l i t y  unless l o c a l  geology suggests a 
mod i f i ca t ion .  
physiographic reg ion  such as the  Great Basin 
has a r e l a t i v e l y  low p o t e n t i a l  f o r  o i l  and gas 
development. 
Basin, such as va l l eys  w i t h  t h i c k  accumulations 
o f  Cretaceous rocks as w e l l  as subsurface 
a n t i c l i n e s  and f a u l t  t raps,  would be considered 
s l i g h t l y  more favorab le  fo r  o i l  and gas, based 

on l o c a l  geologic fea tures .  The c e r t a i n t y  o f  
resource occurrence has meaning f o r  l o c a l  
geology w i t h i n  a province on ly  and i s  n o t  
spec i f i ed  f o r  the province as a whole. 

a b i l i t y  assignments, which can be understood bes t  

through the  fo l low ing  example. The f a v o r a b i l i t y  
o f  the  ou ter  cont inenta l  shelves o f  the  Un i ted  
States f o r  l a rge  o i l  and gas accumulations i s  
q u i t e  high. This h igh  f a v o r a b i l i t y  i s  based on 
the f o l l o w i n g  model of o i l  and gas accumulation: 
a marine depos i t iona l  environment, abundant 
organic a c t i v i t y ,  gradual subsidence, conversion 
o f  the organic cons t i tuents  i n t o  hydrocarbons, 
m ig ra t i on  and accumulation o f  the hydrocarbons, 
and subsequent geologic h i s t o r y  o f  t he  region. 
Whether o r  n o t  l a r g e  q u a n t i t i e s  o f  o i l  and gas 
a c t u a l l y  e x i s t  i s  s t i l l  quest ionable because 

d r i l l i n g  i s  j u s t  beginning i n  t h i s  region. As 
a r e s u l t ,  c e r t a i n t y  i n  most areas o f  the prov ince  
i s  low. 
cen t ra l  p a r t  of the  eastern ou ter  con t inen ta l  
s h e l f  have increased the  c e r t a i n t y  o f  resource 
occurrence i n  t h i s  p o r t i o n  o f  the  province. 
Because o f  probable v a r i a t i o n s  i n  geology along 
the con t inen ta l  she l f ,  t he  increased c e r t a i n t y  

i n  t h i s  area cannot be extended t o  the  l eng th  

o f  the ou te r  con t inen ta l  she l f  from eastern 
Canada t o  F lo r ida .  
c e r t a i n t y  can be extended from a w e l l  i s  l a r g e l y  

a mat te r  of judgment of the resource s p e c i a l i s t s ,  

based on t h e i r  i n t e r p r e t a t i o n s  o f  l o c a l  geology. 
For example, t o  ex t rapo la te  the  c e r t a i n t y  o f  
resource occurrence from a producing w e l l  t o  an 

area 100 mi les  away would n o t  be a reasonable 

Each t r a c t  i s  assigned the  reg iona l  

For example, a d i s t i n c t  geologic-  

Selected areas w i t h i n  the  Great 

Cer ta in t y  can a l so  in f luence l o c a l  favor -  

However, o i l  and gas "shows" along the  

How f a r  t he  increased 
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geologic inference, whereas i t  might be f o r  an 
area 20 mi les  away. However, as d r i l l i n g  con- 
t inues, occurrence da ta  w i l l  increase f o r  many 
l o c a l  areas o f  the  cont inenta l  she l f ,  and the 
f a v o r a b i l i t y  o f  these areas may increase o r  
decrease as 1 oca1 c e r t a i n t y  increases. 
more, t h i s  accumulation o f  data may e i t h e r  
increase o r  decrease the  o v e r a l l  reg iona l  

f avorabi 1 i ty . 

o f  f a v o r a b i l i t y / c e r t a i n t y  i s  a complex, i t e r a t i v e  
process i n  which a background o r  reg iona l  favor -  
a b i l i t y  i s  adjusted f o r  i n d i v i d u a l  t r a c t s  from 
l o c a l  va r ia t i ons  i n  geology o r  c e r t a i n t y .  The 
process r e s u l t s  i n  a coherent s p a t i a l  p i c t u r e  
o f  the  reg ion ' s  resource p o t e n t i a l ,  l i m i t e d  
on ly  by the  q u a l i t y  o f  occurrence data a v a i l -  
able. I n  tu rn ,  data l i m i t a t i o n s  are  n o t  hidden 
from the  dec is ion  maker b u t  a re  recorded i n  
the  c e r t a i n t y  r a t i n g .  

I t  i s  use fu l  t o  compare our r a t i n g  c las-  
s i f i c a t i o n  w i t h  the  USGS c l a s s i f i c a t i o n  o f  

mineral  resources (McKelvey 1973) shown i n  
Fig. 1. Resources w i t h i n  the  " i d e n t i f i e d "  and 
"undiscovered" categor ies would be assigned 
a favorabili ty o f  4, based on our dua l - ra t i ng  
system, whereas the  certainty o f  resource 
occurrence would be a 4 f o r  a l l  i d e n t i f i e d  
resources, 3 o r  2 f o r  hypothe t ica l  resources, 
and 2 o r  1 f o r  specu la t i ve  resources. Favor- 
a b i l i t i e s  o f  l ess  than 4 do n o t  appear i n  Fig.  1 

bu t  cou ld  be inc luded as a t h i r d  ax i s  along 
which the  f a v o r a b i l i t y  decreases. 

Further-  

I n  sumnary, developing a reg iona l  pa t te rn  

1.3 Overa l l  T rac t  Rat ing 

Overa l l  importance r a t i n g s  were a l so  
assigned t o  each t r a c t  because we be l i eve  t h a t  
dec is ion  makers need aggregated data t o  evaluate 
the l a r g e  numbers o f  f a c t o r s  i n  t rade -o f f  
decis ions.  As a r e s u l t ,  we f e e l  t h a t  the  

dec is ion  maker should be given a se t  o f  r a t i n g s  

represent ing major po in ts  o f  view. For example, 
i n  the  cons idera t ion  o f  wi lderness designat ion,  

one might  develop o v e r a l l  r a t i n g s  f o r  wi lderness 

qua l i t y ,  t imber resources, geologic resources, 
rec rea t i ona l  p o t e n t i a l ,  eco log ic  value, and 
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E X P L A N A T I O N  

Potential resources = Identified + Hypotheticol+SpecuIotive 

Toto1 resources: Reserves+ Potentiol resources 

Rewurce tmse=Totol resources+ other minerol row moterials 

Fig .  1. C l a s s i f i c a t i o n  o f  mineral  
resources by the  U.S. Geological Survey. 
Source: V. E. McKelvey, 1973. The Mineral 
Position of the United States,  1975-2000, 
Un ive rs i t y  o f  Wisconsin Press, Madison, 
pp. 67-82. 

social-system impact. As questions develop i n  

consider ing the t rade -o f f s  between these fac to rs ,  
the dec is ion  maker i s  l i k e l y  t o  seek grea ter  
d e t a i l .  I n  regard t o  mineral  resources, favor -  
a b i l i t y  and c e r t a i n t y  r a t i n g s  and the assess- 
ment form c o n s t i t u t e  a source o f  g rea ter  de ta i  1. 

I n  our method the  resource assessment team 
assigns each t r a c t  o v e r a l l  importance r a t i n g s  
ranging from 1- t o  4+. The r a t i n g  i s  recorded 
on the form and r e f l e c t s  the importance o f  the  
t r a c t  i n  meeting f u t u r e  energy and mineral  
resource needs. 

The f i r s t  step i n  c rea t i ng  the ove ra l l  r a t -  
i n g  i s  a group dec is ion  on c r i t e r i a  t h a t  must be 

considered i n  generat ing a r a t i n g  f o r  each t r a c t .  

The fo l l ow ing  general ized se t  o f  c r i t e r i a ,  which 

was es tab l i shed by our team f o r  the FS RARE I 1  

app l ica t ions ,  i s  an example o f  the output o f  an 

assessment team. 

resources enhances the importance o f  the t r a c t .  
1. High f a v o r a b i l i t y  f o r  s t r a t e g i c  
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These resources inc lude o i l  and gas, uranium, was made t o  assign numerical weights t h a t  

chromi um, n i  obi  um, t a n t a l  um, manganese, sheet 
mica, mercury, coba l t ,  t i n ,  n i cke l  , plat inum- 
group metals, gold, and s i l v e r .  

2. A t r a c t  w i t h  h igh  f a v o r a b i l i t y  f o r  

several resources i s  genera l l y  more important 
than a t r a c t  favorab le  f o r  on l y  one resource. 

3. The degree o f  c e r t a i n t y  i s  used i n  
assigning t r a c t s  t o  categor ies o f  importance. 

Thus, a t r a c t  w i t h  a f a v o r a b i l i t y  o f  4 b u t  a 
c e r t a i n t y  o f  on l y  1 might be given an importance 
r a t i n g  o f  2 o r  perhaps 1, whereas another t r a c t  
w i t h  a f a v o r a b i l i t y  o f  4 and a c e r t a i n t y  o f  4 
might be assigned a general importance r a t i n g  

o f  3 o r  even 4, depending on the p a r t i c u l a r  
resource. 

4. The o v e r a l l  supply o f  each resource 
i n  the reg ion  and the  na t i on  a l s o  should be con- 
sidered. Thus, t r a c t s  w i t h  coal resources are 
l ess  important than those w i t h  o i l  and gas 

because the na t i on  has an adequate domestic 
supply o f  coal f o r  i t s  f u t u r e  needs. 

small t r a c t s  because they probably conta in  
l a r g e r  amounts o f  resources. 

resources from a given t r a c t  should be con- 
s idered t o  the  ex ten t  possible.  
poor m i n a b i l i t y  as r e l a t e d  t o  complex s t ruc tu re ,  
depth o f  overburden, and so f o r t h ,  would make a 
t r a c t  l ess  important.  

The poss ib le  use o f  a t r a c t  f o r  t rans- 
mission co r r i do rs  ( c o a l - s l u r r y  p ipe l i nes ,  o i l  
and gas p ipe l ines ,  e l e c t r i c  t ransmission l i n e s ,  
etc.)  o r  f o r  hyd roe lec t r i c  f a c i l i t i e s  increases 
the  o v e r a l l  importance o f  the  t r a c t .  

The c r i t e r i a  were labe led  e i t h e r  as h igh  o r  

medium i n  importance by the  team, b u t  no at tempt 

5. Large t r a c t s  are more important than 

6. The economics o f  e x t r a c t i n g  the 

For instance, 

7. 

i n d i c a t e  r e l a t i v e  importance o f  each c r i t e r i o n  
because no simple model fo rmula t ions  were d i s -  
covered t h a t  cou ld  r e l a t e  the  c r i t e r i a  t o  the 
t ract- importance r a t i n g .  

1.4 Assessment Form 

To document the  resource r a t i n g s  assigned t o  
each t r a c t  and t o  present the  i n fo rma t ion  support- 
i n g  the  ra t i ngs ,  the  assessment form shown i n  
Fig.  2 was created. 
sect ions : 1 ocat ion  informat ion,  comparati ve 
ra t i ngs ,  and support ing in fo rmat ion .  
r a t i n g s  ava i l ab le  f o r  the  t r a c t ,  i n  t h i s  case FS 

and DOE, are  recorded on the  form and a c t  as 
add i t i ona l  i n p u t  t o  the r a t i n g  process. 

The form cons is t s  o f  th ree  

Any o ther  

As discussed above, once i n d i v i d u a l  resource 
r a t i n g s  are  derived, an o v e r a l l  r a t i n g  i s  deter-  

mined from considerat ions o f  the t o t a l  s e t  o f  

i n d i v i d u a l  resource ra t i ngs ,  a predetermined s e t  
o f  c r i t e r i a ,  and support ing in fo rmat ion .  The 
support ing in fo rmat ion  sec t ion  o f  the form i s  
r e l a t i v e l y  unstructured, and the  team i s  f r e e  t o  
record  any reference o r  support ing statements 
t h a t  would a i d  i n  environment/resource t rade -o f f s  
and t h a t  would a l so  a l l ow  a reader o f  the form t o  
understand the  basis f o r  the  team r a t i n g .  

ment forms created f o r  t he  63 t r a c t s  w i t h i n  the 
Idaho-Wyoming-Utah t h r u s t  b e l t  and the 72 t r a c t s  
w i t h i n  the  cen t ra l  Appalachian t h r u s t  b e l t  are 
contained i n  an accompanying repor t ,  Data Report: 
Resource Ratings of the RARE 11 Tracts i n  the 
Idaho-Wyoming-Utah and the Centra2 AppaZachian 
Thrust BeZts, ORNL/TM-6885. However, t o  i l l u s -  
t r a t e  the  range o f  in fo rmat ion  contained by the  
forms i n  t h i s  repo r t ,  a subset o f  forms has been 

included i n  Appendix 111. 

Assess- 
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ENERGY AND MINERAL RESOURCE EVALUATION - RARE I 1  TRACTS 

TRACT NO: 04170 TRACT NAME: Red Mountain ECOREG: 3112 WAR: 19 

NATIONAL FOREST: Caribou STATEICOUNTY: Idaho, Bear Lake/Caribou 

ACREAGE (GROSS): 13,800 ACREAGE (NET): 13,800 100 N/G: 100 LATITUDE: 42'27' LONGITUDE: 111"07' 

INDIVIDUAL TRACT 
RESOURCE RATINGS 

OIL AND GAS 

URANIUM 

COAL 

GEOTHERMAL 

CRITICAL MINERALS 

OVERALL RATING 
(WEIGHTED) 

ORNL USFS 

413 4 

'311 1 

113 1 

31 2 1 

31 2 1 

3+ 

- -  

NAMES OF CRITICAL MINERALS PRESENT: 

DOE USGS - -  
4 

REMARKS 
Strat igraphic and s t ructura l  traps com- 
pounded by thrusting; s im i la r  t o  Canadian 
Rockies Footh i l l s  B e l t  

Copper - r e d  bed type deposits 

4 

cu 

COMMENTARY AND SUMMARY: 
southern p a r t  o f  the Absaroka Be l t  i n  Wyoming and Utah. 
reservoirs, but more recent deeper discoveries are i n  Upper Paleozoic rocks (Phosphoria) and even more 
recently i n  Lower Paleozoic rocks. The Rocky Mountain O i l  and Gas Association estimates tha t  Rare I 1  
t rac ts  i n  the Absaroka b e l t  contain nearly 3.3 b i l l i o n  barrels of o i l  and over 12.5 t r i l l i o n  cubic fee t  
o f  gas. The major p a r t  o f  the Southeast Idaho phosphate resource i s  i n  t h i s  th rus t  be l t ,  w i th  much 
o f  i t  i n  the Rare I 1  t racts .  Not only are the phosphate rock resources important f o r  the phosphorus, 
but there i s  a s ign i f i can t  near-future potent ia l  f o r  vanadium, uranium by-product production. The 
M t .  Pisgah gold d i s t r i c t  i n  Bonneville County may have s ign i f i can t  potent ia l  f o r  Carlin-type gold 
deposits (Rare I 1  t rac ts  04160, 04161, and 04162). 

Several major and several lesser o i l  and/or gas f i e l d s  are located i n  the 
Most production i s  from Jurassic-Triassic 

DOE, moderate corr idor  c o n f l i c t  (R-45). 

GEOLOGY: 
complex). Includes (as secondary structures) the Crawford, Meade, Medicine Lodge, Sheep Mountain, 
Skyline, and many smaller thrust  fau l ts .  Rocks exposed a t  the surface include sedimentary rocks from 
Cambrian t o  Ter t iary  i n  age along wi th  some Ter t iary  and Quaternary volcanics. Several small igneous 
intrusions o f  Ter t iary  Age have been mapped i n  the Idaho pa r t  o f  the Absaroka Belt, ch ie f l y  i n  the 

Absaroka th rus t  b e l t  (includes te r ra in  westward t o  surface trace o f  the Paris-Bannock thrust  

- v i c i n i t y  o f  the M t .  Pisgah gold d i s t r i c t .  

REFERENCE/CITATIDN: USFS, 1978, RARE I 1  DES, ID ,  UT, and WY Suppls.; DOE, 1978, Energy Res. Assessments 
o f  RARE I 1  Lands; DOE, 1978, Energy Res. Assessments, o f  Ten Alternatives-RARE I 1  Lands; Powers, 1977, 
WGA Gdbk 29; Blackstone, 1978, Tectonic map o f  the Overthrust Belt:  WGS; RMOGA, 1978, Estimates o f  
Undiscovered Recoverable Hydrocarbon Resources (RARE-11); White and Williams, 1975, USGS Circ. 726; 
NOAA, 1977, Geothermal Energy Resources o f  the Western U.S.; USGS, 1945, Min. Res. Mo. Valley Region, 
Pts. 1,2,3; ERDA, 1976, NURE-Prelim. Rpt.; Armstrong and Or ie l ,  1965, AAPG Bull . ,  v. 43; B r i t i s h  Sul fur  
Corp., Ltd., 1964, A World Survey o f  Phosphate Deposits: Woodalls Ltd. (Printers), London; Gulbrandsen, 
1966, Geochim. Cosmochim. Acta, v. 3, p. 769-778; Brobst and Pratt,  1973, USGS Prof. Paper 820; Worl 
and Others, 1974, USGS MR-60; Kinkel and Peterson, 1962, USGS MR-13; RMAG, 1972, Geologic Atlas o f  the 
Rocky Mountain Region: Denver, CO; Bond and Others, 1978, Geologic Map o f  Idaho: IBMG; Ross, C.P., 
1941, IBMG Pamph. 57, p t .  111; Mansfield, 1927, USGS Prof. Paper 152; Leonard and Others, 1978, USGS 
OFR 78-360; USGS, 1964, Mineral and Water Resources o f  Idaho: 88th U.S. Congress; Vine, 1959, USGS 
Bul l .  1055-1. 

Fig. 2. RARE I 1  t r a c t  assessment form. 
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2. RARE I 1  APPLICATIONS 

2.1 Wilderness and RARE 

Wilderness became a s i g n i f i c a n t  
t he  passage o f  the  Wilderness Ac t  i n  

I 1  

issue w i t h  
1964, by 

which Congress es tab l i shed the  Nat ional  Wilder- 
ness Preservat ion System (NWPS) t o  preserve 
areas i n  t h e i r  na tura l  s t a t e  f o r  the f u t u r e  use 
and enjoyment o f  the American people. 
de f ines  w i  1 derness as 

The a c t  

. . .an area o f  undeveloped Federal land  
r e t a i n i n g  i t s  primeval charac ter  and 
in f l uence  ... and which (1 )  genera l l y  
appears t o  have been a f fec ted  p r i m a r i l y  
by the  forces o f  nature, w i t h  the 
i m p r i n t  o f  man's work s u b s t a n t i a l l y  
unnot iceable;  (2)  has outstanding 
oppor tun t ies  f o r  s o l i t u d e  o r  a p r im i -  
t i v e  and unconfined type of recrea t ion ;  
(3 )  has a t  l e a s t  5,000 acres o f  land  
o r  i s  o f  s u f f i c i e n t  s i z e  as t o  make 
p r a c t i c a l  i t s  p reserva t ion  and use i n  
an unimpaired cond i t ion .  

Congress f u r t h e r  spec i f i ed  t h a t  w i t h i n  w i l de r -  
ness the re  w i l l  be no roads, no t imber harvest-  
ing,  no s t ruc tu res  o r  i n s t a l l a t i o n s ,  and no use 
o f  motor ized veh ic les  o r  land ing  o f  a i r c r a f t .  
These s t i p u l a t i o n s  p lus  subsequent admini s t ra -  
t i v e  i n t e r p r e t a t i o n s  o f  the a c t  e s s e n t i a l l y  
preclude s i g n i f i c a n t  resource exp lo ra t i on  o r  
development i n  wi lderness areas. 

Subsequent t o  passage o f  the ac t ,  the 
federa l  agencies named i n  the a c t  began assess- 
ments o f  t h e i r  lands f o r  poss ib le  wilderness 
designat ion.  The slowness w i t h  which the 

FS was proceeding on designat ion under t h e i r  
un i t -p lann ing  process and the  controversy 
surrounding t h e i r  lands prompted them t o  
i n i t i a t e  the  Roadless Area Review and Evaluat ion 
(RARE) Program i n  1972. 
s a t i s f a c t i o n  w i t h  RARE, the  FS began a second 
eva lua t ion  i n  1977, c a l l e d  RARE 11. 

temat ic nat ionwide assessment i s  intended t o  

i d e n t i f y  roadless areas w i t h i n  na t i ona l  f o res ts ;  

t o  assess the  wilderness, environmental, and 

resource values i n  each area; and t o  designate 
each area as wilderness, nonwilderness, o r  f o r  
f u r t h e r  planning. An important goal o f  the 

Because o f  pub l i c  d i s -  

This sys- 

RARE I1 program i s  the quick release o f  lands 
w i thout  wi lderness a t t r i b u t e s  f o r  developmental 
a c t i v i t i e s  such as recrea t ion ,  w i l d l i f e -  
h a b i t a t  improvement, t imber harvest ing,  road 
bu i l d ing ,  and resource ex t rac t i on .  The i n t e n t  
i s  t o  keep the number o f  t r a c t s  i n  the  f u r t h e r  
planning category t o  a minimum. 

I n  June 1978 the FS publ ished a d r a f t  
environmental statement (DES) descr ib ing  ten 
a l t e r n a t i v e s  t h a t  represent a range o f  opt ions 
and perspect ives r e l a t i v e  t o  wi lderness designa- 
t i o n  o f  roadless t r a c t s  (USDA 1978). Support- 
i ng  data f o r  the DES are found i n  a group o f  
supplements accompanying the statement. Many 
o f  the basic geologic resource data found i n  
the  supplements were suppl ied t o  the FS by 
o ther  agencies such as USGS and DOE. 

has been co l l ec ted ,  and the FS has prepared a 
f i n a l  environmental statement based on t h i s  pub l i c  
inpu t .  The f i n a l  statement was issued i n  
January 1979 and w i l l  recommend wilderness, non- 
wilderness, o r  fu r ther -p lann ing  s ta tus  f o r  the 
t r a c t s .  

a unique at tempt t o  incorpora te  pub l i c  i n p u t  i n t o  
a na t iona l  p lanning e f f o r t .  The assessment 
method and r e s u l t s  discussed i n  t h i s  repo r t  are 
a d i r e c t  response t o  t h i s  c a l l  f o r  i npu t .  We 
have attempted t o  create a veh ic le  f o r  a r a p i d  
bu t  r e l a t i v e l y  comprehensive assessment o f  one 
se t  o f  values i d e n t i f i e d  by the FS as being 
important, t h a t  o f  geologic resources. 

Two separate areas were assessed. 
63 t r a c t s  i n  the cont rovers ia l  Idaho-Wyoming- 
Utah t h r u s t  b e l t  were evaluated because o f  t h e i r  
h igh  p o t e n t i a l  f o r  o i l  and gas. Next, an area 
w i t h  roughly s i m i l a r  s t r u c t u r a l  geology i n  the 
cen t ra l  Appalachians was assessed as a check on 
the method. These app l i ca t i ons  are discussed 

i n  d e t a i l  i n  Sects. 2.3 and 2.4. Before these 

app l ica t ions  are discussed, however, resource 
assessment as handled by the FS i n  the RARE I1 
planning process i s  described. 

As o f  t h i s  time, pub l i c  response t o  the DES 

The RARE I 1  process being fo l lowed by FS i s  

F i r s t ,  

11 
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2.2 Geologic Resources and RARE I 1  

The recent  c rea t i on  o f  DOE w i t h i n  the 
federa l  government symbolizes a growing aware- 
ness o f  our soc ie ty ' s  dependence on energy. A 
l o g i c a l  outgrowth o f  t h i s  awareness i s  the  con- 
cern t h a t  r e s t r i c t i o n s  placed on the  o r d e r l y  
development o f  energy resources by environ- 
menta l l y  o r i en ted  programs such as RARE I 1  may 
jeopard ize  the economic o r  m i l  i t a r y  secu r i t y  
o f  the na t i on  a t  some f u t u r e  date. As a r e s u l t ,  
the  FS assessed the  f o l l o w i n g  energy resources: 
o i l  and gas, coal ,  uranium, and geothermal 
resources. 

I n  a d d i t i o n  t o  energy resources, our 
soc ie ty  has a c r i t i c a l  dependence on a number 
o f  o the r  minerals.  
which a re  h i g h l y  energy re la ted ,  a re  known as 
the  " c r i t i c a l  m inera ls "  (Table 1).  

These minerals,  many o f  

Table 1. Minerals deemed c r i t i c a l  f o r  
U.S. i n d u s t r y  

(Exc lus ive  o f  petroleum, na tu ra l  gas, 
coal ,  and uranium) 

An timonf F1 u o r i  neQ Potassi unP 
As bes tos' German i unP Rubi d i  um 

Bauxi te and Golda Scandi u# 
aluminum 

. o r @  
B a r i t e  Graphi te' Se 1 en i  um 
Benton i te  I l m e n i t e  and S i  1 ver  

r u t  i 1 ea 
Beryl  1 i unf Indium' S t  ron  ti unP 

Bismutha I r o n  o re  Su l fu r  
Boron Lead Tan t a l  ut@ 
Cadmiufl  L i  t h i u f l  T e l l  ur ium 
Cesi unP Manganesg Thorium 
Chromi unP Mercury T i  nu 
Cobal tu M i  ,aa Tungsten 

Co 1 umbi um Nickela Vanadi urn 

Copper Phosphorus Z i  nc' 
D i  amonds' Plat inum-group Z i  r con i  unP 

metal sa 

'About 50% or more o f  U.S. demand i s  

Source: 

(n iob i  

imported. 

Survey and the  U.S. Bureau o f  Mines; mod i f ied  
from U.S. Department o f  Ag r i cu l tu re ,  1978. 
RARE 11, Draft  Environmental Statement, Roadless , 

Area Review unci Evaluation, U.S. Forest  Service, , 
Washington, D.C. 

From repor t s  o f  the  U.S. Geological 

The 45 minera ls  shown i n  Table 1, i n  ~ 

a d d i t i o n  t o  the  energy minera ls  o i l  and gas, 
uranium, and coal ,  a re  considered c r i t i c a l  f o r  
U.S. indus t ry .  For the  purpose o f  t h i s  repor t ,  
a l l  45 minera ls  a re  lumped together  as c r i t i c a l  
m inera ls  and are  so evaluated. Although much 
o f  the  domestic demand f o r  these ma te r ia l s  can 
be supp l ied  from U.S. sources, we impor t  over 
50% o f  more than one-hal f  o f  the  minerals i n  
the  tabu la t i on .  A h igh  p o s s i b i l i t y  e x i s t s  t h a t  
some o f  these high- import  ma te r ia l s  occur i n  
favorab le  geologic environments i n  the  Un i ted  
States; thus, these minera ls  cou ld  be produced 
i n  l a r g e r  q u a n t i t i e s  domest ica l l y  i f  given 
proper economic incent ives .  I n  cont ras t ,  
ma te r ia l s  such as bauxi te,  chromium, coba l t ,  
gold,  manganese, n i cke l ,  plat inum, tantalum, 
and t i n  a re  genera l l y  considered h i g h l y  
s t r a t e g i c  because we impor t  most o f  our supply 
and because no s i g n i f i c a n t  amounts o f  geo- 
l o g i c a l l y  favorab le  t e r r a i n  a re  be l ieved t o  
e x i s t  i n  the  Un i ted  States.  

an add i t i ona l  f a c t o r  i n  the  determinat ion o f  
t he  importance o f  a t r a c t .  A t r a c t  r i c h  i n  
both energy resources and c r i t i c a l  minerals 
i s  considered t o  be more impor tan t  than a t r a c t  
possessing on ly  energy resources. 

a re  scarce and c o s t l y  t o  generate, the  f i r s t  
step i n  developing our assessment was t o  analyze 
the  data i n  the  s t a t e  and reg ion  supplements o f  
the  FS DES. 
yes/no format used t o  record the  presence o r  
p o t e n t i a l  o f  mineral  resources was inadequate 
f o r  making comparisons and d i s t i n c t i o n s  among 
t r a c t s .  
t r a c t  data was obtained from the  FS. 

t o  use the  tape proved t o  be imprac t i ca l  because 

the  organ iza t ion  o f  the  tape made e x t r a c t i o n  o f  
data bo th  t ime consuming and c o s t l y .  

t o  the FS by USGS and DOE. Much o f  t h i s  i n f o r -  
mation was f i n a l  resource r a t i n g s  o r  est imates 

der ived  from more d e t a i l e d  data b u t  genera l l y  
suppl ied w i thou t  f u rn i sh ing  the  support ing data. 

The presence o f  c r i t i c a l  minerals i s  thus 

Because resource data f o r  RARE I 1  t r a c t s  

This ana lys is  showed t h a t  the s imple 

Subsequently, a tape conta in ing  d e t a i l e d  
Attempts 

We then turned t o  the  RARE I 1  data supp l ied  
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For example, the  data given t o  the  FS by the 
USGS as a basis o f  the  FS eva lua t ion  were " i n  
the  process o f  being publ ished" by the USGS and 
would n o t  be ava i l ab le  u n t i l  a f t e r  the DES 
review per iod.*  Consequently, o f  a l l  the 
mineral-  and energy-resource data gathered 

espec ia l l y  f o r  the  RARE I 1  e f f o r t ,  convenient 
access t o  on ly  two summaries was ava i l ab le :  
yes/no tab les  contained i n  the  DES s t a t e  sup- 
plements and the DOE data supp l ied  t o  the FS. 

Because the  basic data support ing these 
two summaries were n o t  documented, i t  was 
impossible t o  t e s t  the  soundness o f  the evalua- 
t i o n s  contained i n  the summaries. For instance, 
the  DES may l i s t  a "yes" f o r  the presence o f  o i l  
and gas i n  a p a r t i c u l a r  t r a c t ,  and DOE may c a l l  
t h i s  t r a c t  "very important"  w i t h  h igh  p o t e n t i a l  
f o r  o i l  and gas. But i t  i s  impossible t o  know 
the  basis f o r  t h i s  dec i s ion  from the documents 
suppl ied.  What occurrence model was used i n  
the  judgment? What i s  the  geology o f  the  t r a c t ?  
What degree o f  confidence i s  associated w i t h  the 
assessment? Without such knowledge, the  r e l a t i v e  
comparison o f  t r a c t s  must be very gross and i s  
l i k e l y  t o  be impossible f o r  t r a c t s  t h a t  are 
q u i t e  s i m i l a r .  

The eva lua t ion  o f  c r i t i c a l  minerals i n  
t r a c t  comparisons i s  even'worse. Many minerals 
a re  lumped under a s i n g l e  yes/no column i n  each 
supplement. 
a re  more important than others t o  our tech- 
no log ica l  soc ie ty .  Knowledge o f  t h i s  r e l a t i v e  
importance i s  essent ia l  i n  comparing t r a c t s  b u t  
i s  l o s t  i n  the aggregation o f  data contained 
i n  the  supplements. 

ness decis ions and the  inadequate way i n  which 
resource data are handled i n  the  RARE I 1  pro- 
cess are  l a r g e l y  responsible f o r  our care i n  
assigning and documenting ra t i ngs .  

i n g  app l i ca t i ons  assess the  same basic s e t  o f  

the  

C lear ly ,  some o f  these minerals 

The importance o f  resource data t o  w i l de r -  

The fo l l ow-  

* 
We have s ince  rece ived the  USGS maps pre- 

pared f o r  the  RARE I 1  eva la t i on  o f  the Idaho- 
Wyoming-Utah t h r u s t  b e l t .  This mater ia l  i s  
discussed i n  d e t a i l  i n  Sect. 3.2. 

energy resources considered by the  FS w i t h  the 
except ion o f  n o n c r i t i c a l  minerals.  Assessment ' 

forms conta in ing  d e t a i l e d  support ing data a re  
i n  our  supplemental data r e p o r t  (Voelker e t  a l .  
1979). 

2.3 Idaho-Wyoming-Utah Thrust  B e l t  App l i ca t i on  

2.3.1 Descr ip t ion  o f  the Idaho-Wyoming-Utah 
t h r u s t  b e l t  

The Idaho-Wyoming-Utah t h r u s t  b e l t  was 
selected f o r  study because i t  i s  considered t o  be 
the most cont rovers ia l  o f  a l l  the areas a f fec ted  
by RARE 11. The reg ion  has a h igh  po ten t i a l  f o r  
energy and mineral  resources as we l l  as f o r  
w i  1 derness . 

s idered  i n  t h i s  repor t ,  i s  shown i n  Fig. 3. It 

i s  bounded on the  no r th  by the Snake R iver  vo l -  
canic p la in ,  on the east by a l i n e  pro jec ted  

,northward along and beyond the t race  o f  the c r e s t  
of the  Moxa arch, on the  south by the  North Flank 
f a u l t  o f  the  Un i ta  Mountains, and on the west by 
the  Wasatch f a u l t .  
23,700 sq mi les,  o r  15 m i l l i o n  acres. The FS 
has i d e n t i f i e d  63 RARE I 1  t r a c t s  i n  the area, 
t o t a l i n g  about 3.1 m i l l i o n  acres. 

o f  a west- th ickening wedge o f  Paleozoic and 
Mesozoic rocks t h a t  were t h r u s t  eastward from 
l a t e s t  Jurass ic  t o  Eocene time. From a reg iona l  
standpoint ,  t h i s  t h r u s t  b e l t  i s  a small segment 
o f  the  cont inent - long Cord i l l e ran  t h r u s t  and 
f o l d  b e l t  t h a t  s t re tches  from Alaska t o  Mexico. 
A1 though the t h r u s t  s t ruc tu res  are  numerous and 
q u i t e  complex i n  d e t a i l ,  f o r  the  purposes o f  t h i s  
repo r t  we have d iv ided the  t h r u s t  b e l t  i n t o  fou r  
areas (F ig .  3), which, from eas t  t o  west, are: 

The Idaho-Wyoming-Utah t h r u s t  b e l t ,  as con- 

The area comprises about 

The Idaho-Wyoming-Utah t h r u s t  b e l t  cons is ts  

Footwal l ,  loca ted  between the Moxa arch and 
the  t race  o f  the  Prospect-Darby th rus t ,  

Prospect-Darby t h r u s t  sheet, which extends 

westward t o  the t race  o f  the Absaroka 
th rus t ,  

Absaroka t h r u s t  sheet, which i s  the  l a r g e s t  

d i v i s i o n  and extends westward t o  the t race  
o f  the  Paris-Bannock th rus t ,  and 
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Fig.  3. RARE I 1  t r a c t s  i n  the Idaho-Wyoming-Utah t h r u s t  b e l t .  
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(4) Paris-Bannock t h r u s t  sheet, which extends 

westward t o  the  Wasatch f a u l t .  

S t r i c t l y  speaking, the  Gros Ventre Moun- 
t a i n s  and the  Grand Tetons a re  n o t  p a r t  o f  the  
Idaho-Wyoming-Utah t h r u s t  b e l t ,  bu t  t h e i r  

mineral  resources were nevertheless assessed. 

2.3.2 O i l  and gas 

The Idaho-Wyoming-Utah t h r u s t  b e l t  i s  one 
o f  t he  most important cu r ren t  onshore regions 

f o r  o i l  and gas exp lo ra t i on  as a r e s u l t  o f  s i g -  
n i f i c a n t  recent  d iscover ies  ( O i Z  Gas J.. 1976-1978). 
This t h r u s t  b e l t  i s  a small  p a r t  o f  the  cont inent -  

long  Cord i l l e ran  h inge l i ne  and ove r th rus t  system. 

Major o i l  and gas reserves w i t h i n  t h i s  system 

c 
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occur i n  Alaska, the  Canadian f o o t h i l l s ,  and 
eastern Mexico. 

Over th rus t  s t ruc tu res  throughout the 
wor ld a re  important exp lo ra t i on  ta rge ts  because 
the  same o i l - b e a r i n g  zones can be repeated 
several  t imes i n  v e r t i c a l  sequence by the  
t h r u s t i n g  process. Powers (1977) estimates 
t h a t  the  e n t i r e  Idaho-Wyoming-Utah t h r u s t  b e l t  
comprising about 15 m i l l i o n  acres (F ig .  3) may 
con ta in  from 0.6 t o  3 b i l l i o n  ba r re l s  o f  recover- 
ab le  o i l ,  and from 4 t o  12 t r i l l i o n  cubic f e e t  
(TCF) o f  recoverable gas. This est imate compares 

c l o s e l y  w i t h  the  est imate publ ished by the  
O i z  and Gas JownaZ (March 13, 1978) of  0.2 t o  
3 b i l l i o n  b a r r e l s  o f  o i l  and "up t o  20 TCF" o f  

gas f o r  the  same s i ze  area. 
t he  Rocky Mountain O i l  and Gas Assoc ia t ion  

(RMOGA 1978) released more o p t i m i s t i c  e s t i -  
mates: 
study, which comprise l ess  than 40% o f  the  
Idaho-Wyoming-Utah t h r u s t  b e l t ,  con ta in  1 t o  
6 b i l l i o n  b a r r e l s  o f  o i l  and 4 t o  40 TCF o f  
gas. Moreoever, the  RMOGA released o i l  and 
gas est imates f o r  each o f  the  63 RARE I 1  t r a c t s .  
Our ana lys is  o f  the  RMOGA t r a c t  est imates 
i nd i ca tes  t h a t  average f i gu res  o f  o i l  and gas 

per acre were ex t rapo la ted  from the  b e t t e r -  
known pa r t s  o f  the eastern s ide  o f  the  t h r u s t  
b e l t  and app l i ed  t o  the western t r a c t s .  E s t i -  

mates by RMOGA g i ve  the  reader a f a l s e  impres- 
s ion  as t o  RMOGA's confidence i n  these estimates, 
which i s  discussed i n  more d e t a i l  i n  Sect. 3.2. 

A f a v o r a b i l i t y  o f  4 was'assigned t o  a l l  
t r a c t s  except the  West Slope Tetons (04610), 
which was assigned a f a v o r a b i l i t y  o f  2 
(Tables 2 and 3; Fig.  4). From a s t r u c t u r a l  
standpoint ,  t r a c t  04610 d isp lays  none o f  the  
t h r u s t  f a u l t s  t h a t  a re  so p reva len t  i n  the 
o ther  62 t r a c t s  (F ig .  3). I n  add i t ion ,  l a t e  
T e r t i a r y  normal f a u l t i n g  and eros ion  o f  the 
Tetons b lock  have d r a s t i c a l l y  reduced the  

p o t e n t i a l  f o r  any s t r a t i g r a p h i c  o r  s t r u c t u r a l  
t raps  t o  ma in ta in  s i g n i f i c a n t  o i l  and gas 

accumulations t h a t  may have ex i s ted  i n  the  

past. 

Fig.  4 and Table 3 demonstrates t o  a l a rge  

On March 10, 1978, 

j u s t  the  63 RARE I 1  t r a c t s  used i n  t h i s  

The c e r t a i n t y  pa t te rn  i l l u s t r a t e d  by 

degree the concent ra t ion  o f  o i l  and gas explora- 
t i o n  we l l s  w i t h i n  the  t h r u s t  b e l t .  Because the 
westernmost t r a c t s  have n o t  been explored, the 
l e v e l  o f  c e r t a i n t y  decreases from eas t  t o  west. 
Both the  lower l e v e l  o f  c e r t a i n t y  and the  smal le r  
s i z e  o f  t he  western t r a c t s  tend t o  reduce t h e i r  
o v e r a l l  importance. The most important t r a c t s  
f o r  o i l  and gas are 04102, 041 10, 04161, 04613, 
and 04615 (F ig .  4; Table 2). 

2.3.3 Uranium 

Uranium occurs i n  a v a r i e t y  o f  rocks and 
geologic environments, and the  whole Idaho- 
Wyoming-Utah t h r u s t  b e l t  has some uranium poten- 

t i a l .  
2 was assigned t o  each o f  the 63 t r a c t s  (Table 2). 
A l a c k  o f  geochemical data on the  most favorable 
uranium-bearing rocks, however, resu l ted  i n  a 
certainty-of-occurrence r a t i n g  of 1 f o r  a 

m a j o r i t y  o f  the  t r a c t s .  
l a r l y  favorable hos t  rocks, such as extensive 
outcrops o f  T e r t i a r y  rccks o r  the  Phosphoria 
Formation, were usua l l y  assigned a f a v o r a b i l i t y  
o f  3. 

Consequently, a f a v o r a b i l i t y  o f  a t  l e a s t  

Tracts having pa r t i cu -  

Maps and data from the Nat ional  Uranium 
Resource Evaluat ion (NURE) Program (ERDA 1976) 
i n d i c a t e  t h a t  on l y  t r a c t  04115 i s  p a r t l y  w i t h i n  
an area conta in ing  "possible" o r  "probable" 
uranium resources. 
small (5290 acres) and so c lose t o  the boundary 
between the "probabl e-possible" resource cate- 
gory and the  "no-potent ia l  'I resource category 
t h a t  i t  was given a r a t i n g  o f  on ly  2/1. T rac t  
04102 l i e s  p a r t l y  w i t h i n  an area i d e n t i f i e d  by 
NURE (ERDA 1976) as having "speculat ive" uranium 
resources. Because t h i s  i s  the  NURE est imate 
f o r  the lowest l i k e l i h o o d  o f  uranium resources, 
t r a c t  04102 was a l so  given a r a t i n g  o f  2/1. 
T rac t  04613 was the  on ly  t r a c t  assigned a 
f a v o r a b i l i t y  o f  4. This r a t i n g  was based 

l a r g e l y  on the a r e a l l y  extensive outcrops o f  
phosphate rock, the uranium-rich coal, and the 

Madison l imestone. Although no uranium deposi ts 
are known from the Madison l imestone i n  the  

Idaho-Wyoming-Utah t h r u s t  b e l t ,  t h i s  u n i t  i s  
q u i t e  p roduc t ive  from nearby areas o f  Wyoming 
and Montana. Based on the r e l a t i v e l y  d iverse  

Q However, the  t r a c t  i s  so 
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Table 2. RARE I 1  t r a c t  evaluation f o r  the Idaho-Wyoming-Utah thrust  b e l t  

Tract number 
and name 

Acreage Overall O i  1 
and Uraniuma Coals Geothermala ~~~~~~~~a (thousands) ratingb 
gas= 

04102 Gros Ventre 
04103 Munger Mountain 
04104 Monument Ridge 
04105 Jenny Creek 
04106 Grayback 
04107 Sa l t  River Range 
04108 Deadman 
04109 N. Fork Sheep Creek 
04110 S. Wyoming Range 
04111 Gannet Spring Creek 
04112 Commissary Range 
04113 Nugent Park West 
04114 Hams Fork Ridge 
04115 Bacon Ridge 
041 16 Gypsum Creek 
04151 West Mink 
04152 Scout Mountain 
041 53 Toponce 
04154 Bonneville Peak 
04155 North Pebble 
04156 E l  ktown Mountain 
04157 Oxford Mountain 
04158 Deep Creek 
04159 Clarkston Mountain 
04160 Pole Creek 
04161 Caribou City 
04162 Stump Creek 
04163 Schmid Peak 
04164 Dry Ridge 
04165 Huckleberry Basin 
04166 Sage Creek 
04167 Meade Peak 
04168 Hel l  Hole 
04169 Telephone Draw 
04170 Red Mountain 
04171 Soda Point 
04172 Sherman Peak 
04173 Stauf fer  Creek 
04174 Williams Creek 
04175 L iber ty  Creek 
04176 Mink Creek 
04177 Paris Peak 
04178 Stat ion Creek 
04179 Worm Creek 
04180 Swan Creek Mountain 
04181 Gibson 
04610 West Slope Tetons 
04611 Garns Mountain 
04612 Moody Creek 
0461 3 Pal i sades 

04614 Bald Mountain 
04615 Bear Creek 
04616 Poker Peak 
04755 Farmington 
04756 Francis 
04758 Mount Naomi 
04759 Mount Logan 
04760 Wel lsv i l le  Mountain 
04761 Mol 1 ens Holl  ow 
04762 W i  11 ard , 
04763 Lewis Peak 
04764 Upper South Fork 
04765 Burch Creek 

4/4 
4/2 
3/2 
1 /3 
4/3 
4/3 
2/1 
3/2 
31 3 
2/1 
4/4 
2/1 
4/4 
1 /3 
3/2 
2/2 
2/2 
2 /2  
2/2 
2 / 2  
2/2 
2/1 
2/1 
2/ 1 
4/2 
4/4 
2/1 
4/4 
4/4 
4/4 
414 
4/4 
4/4 
3/2 
3/2 
2/1 
2 / 2  
2/2  
2/1 
2/3 
2/2 
2/3 
2/2 
2/3 
2/3 
2/2 
4/4 
4/4 
3/2 
4/4 

4/4 
4/4 
4/1 
2/2 
2/2 
2 /2  
21 1 
41 3 
2/1 
4/4 
41 1 
4/2 
2/1 

433 4+ 
13 3 
17 4- 
11 3- 

272 4 
256 4 

6 2+ 
21 3 
91 4- 
66 3+ 

178 4+ 
7 2+ 

14 4 
5 3- 

17 2+ 
20 1+ 
32 1+ 
17 1+ 
32 1+ 
6 1+ 

45 1+ 
42 1+ 
5 1+ 

19 1+ 
9 3+ 

93 4 
103 3 
11 - 3 
23 3+ 
30 4 
17 3+ 
42 4 
6 3+ 
5 3 

14 3+ 
74 2- 
15 2- 
8 2- 

11 2 
17 2 
16 2 
9 2+ 
9 2 

42 2+ 
21 2+ 
11 2 

177 1 
115 4+ 

9 3 
247-DOE 4+ 
155-FS 
15 4 
79 4+ 
19 4 
12 1+ 
16 1+ 
84 2 
42 1+ 
24 3+ 
17 2- 
17 3- 
12 2+ 
12- 2 
8 1+ 

'Upper number represents favorab i l i t y  o f  the area f o r  occurrence o f  the resource; lower 
number represents cer ta in ty  tha t  'the resource i s  present. 

bl t o  4+. 



17 

ORNL-DWG 78-20228 

112" 110" 

44 

42' 
IDAHO 

JTAH 

b 

m 
811) 

t, 

)IZE Of CIRCLE IS PROfORTlONAL 

. TO TRACT ACREAOE 

Fig.  4. Ratings o f  o i l  and gas i n  the  Idaho-Wyoming-Utah t h r u s t  
b e l t .  The l a s t  3 d i g i t s  o f  Table 2 t r a c t  numbers a r e  l i s t e d .  

Table 3. D i s t r i b u t i o n  o f  o i l  and 
gas r a t i n g s  among Idaho- 
, Wyoming-Utah t r a c t s  

ORNL Number o f  Acres 
r a t i n g  t r a c t s  (thousands) 

2/1 1 177 
4/ 1 20 395 
412 13 420 

413 15 972 
4/4 14 1157 

. .  
geology o f  t h e  remaining 60 t r a c t s  and t h e  

l i m i t e d  amount o f  geolog ic  data ava i lab le ,  most 

o f  these t r a c t s  a r e  a l s o  g iven r a t i n g s  o f  211. 
The d i s t r i b u t i o n  o f  uranium r a t i n g s  f o r  t h e  

63 t r a c t s  i s  sumnarized i n  Table 4 and d i s -  
played g r a p h i c a l l y  i n  Fig. 5. 

Table 4. D i s t r i b u t i o n  o f  uranium 
r a t i n g s  among Idaho- 
Wyoming-Utah t r a c t s  

ORNL Number o f  Acres. 
r a t i n g  t r a c t s  (thousands) 

2/ 1 41 1376 
212 5 170' 

2/ 3 2 133 
3/ 1 9 794 

3/ 2 5 40 1 
4/ 3 1 247 
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Fig.  5. Ratings o f  uranium i n  the  Idaho-Wyoming-Utah t h r u s t  b e l t .  
The l a s t  3 d i g i t s  o f  Table 2 t r a c t  numbers are  l i s t e d .  

2.3.4 Coal 
Only a few RARE I1 t r a c t s  con ta in  out-  

crops o f  minable coal  and l i g n i t e  o f  Cretaceous 
and T e r t i a r y  age. The coa l  ranges from sub- 
bituminous t o  bituminous i n  rank and i s  o f  

va r iab le  q u a l i t y .  Most o f  the  coal  occurs i n  
the  upper p la tes  o f  the  eastern t h r u s t  sheets, 
mainly i n  Wyoming b u t  p a r t l y  i n  Idaho; some 

coal a l so  occurs i n  t r a c t s  near the  western 
edge o f  the  Green.River bas in  i n  Wyoming ( t r a c t s  

041 02 , 041 05-041 09, 0461 1 , and 0461 3).  L i g n i t e  
occurs i n  T e r i t a r y  rocks i n  the  western p a r t  o f  
the  t h r u s t  b e l t .  

known, and the  tonnage under ly ing  a RARE I1 
The d i s t r i b u t i o n  o f  coal  i s  f a i r l y  we l l  

t r a c t  can be roughly estimated. 
pare the area o f  any RARE I 1  t r a c t  ove r l y ing  a 
c o a l f i e l d  w i t h  the  t o t a l  area o f  the  f i e l d  and 
m u l t i p l y  t h i s  r a t i o  by the  t o t a l  tonnage o f  coal 
i n  the  f i e l d .  

i t  i s  n o t  known whether o r  n o t  the  coal i s  un i -  

fo rmly  d i s t r i b u t e d  throughout the f i e l d .  Based 

on t h i s  method, we est imate the  coal resources 

under RARE I1 t r a c t s  considered i n  t h i s  repo r t  
t o  be a maximum o f  40 m i l l i o n  tons i n  Wyoming 

(Glass e t  a l .  1975), 10 m i l l i o n  tons i n  Idaho 

(K i i l sgaard  1964), and none i n  Utah (Dow 1945), 
which i s  about 0.001% o f  the  coal  resources o f  

the  Un i ted  States ( A v e r i t t  1975).  Because on ly  
16 t r a c t s  a re  given a f a v o r a b i l i t y  o f  4 and 42 

One can com- 

The est imate i s  rough because 
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4 

a r e  g iven a f a v o r a b i l i t y  o f  2 o r  l e s s  (Table 5), 
t h e  t h r u s t  b e l t  i s  considered t o  be r e l a t i v e l y  
unimportant f o r  coal .  

Table 5. D i s t r i b u t i o n  o f  coal 
r a t i n g s  among Idaho- 
Wyoming-Utah t r a c t s  

ORNL Number o f  Acres 
r a t i n g  t r a c t s ,  (thousands) 

25 
14 

1 
2 
1 
2 
5 
8 

698 
263 

9 
22 
14 

196 
365 . 

1361 

However, Tab1 e 5, which summarizes the 
coal  r e s u l t s  o f  Table 2, a l s o  shows t h a t  the  
acreage o f  t r a c t s  w i t h  a f a v o r a b i l i t y  o f  4 
(1,936,000) i s  tw ice  as l a r g e  as the  acreage 

o f  t r a c t s  w i t h  a f a v o r a b i l i t y  o f  2 o r  1 
(992,000). Th is  c o n t r a d i c t i o n  i s  caused by the  

concent ra t ion  o f  coal  i n  t h e  l a r g e  eastern 
t r a c t s  (F ig .  6 ) .  Coal does n o t  u n d e r l i e  most 
o f  t h e  acreage o f  the  t r a c t s ,  b u t  i f  i t  under- 

l i e s  any p a r t  o f  a t r a c t ,  t h e  whole t r a c t  i s  
r a t e d  accord ing ly .  

h i g h  f a v o r a b i l i t y  and c e r t a i n t y  f o r  coal  r a r e l y  
l e d  t o  a h igh  o v e r a l l  r a t i n g  f o r  a t r a c t ,  
which i s  caused p r i m a r i l y  by two factors :  
(1 ) t h e  coal  resources o f  t h e  t r a c t s  comprise 
l i t t l e  o f  t h e  count ry 's  resource base, as noted 
above, and ( 2 )  t h e  complex s t r u c t u r a l  geology 
o f  t h e  t h r u s t  b e l t  would make min ing d i f f i c u l t  
and expensive. 

I n  t h e  development o f  t h e  o v e r a l l  r a t i n g ,  

2.3.5 Geothermal energy 

The c o n t r i b u t i o n  t h a t  geothermal energy 

w i l l  make t o  t h e  n a t i o n ' s  energy requirements 

i s  c e r t a i n  t o  increase i n  the  near fu tu re .  How- 
ever, a l though estimates o f  geothermal resources 

have d i f f e r e d  by several orders o f  magnitude 

(White and Wi l l iams 1975), most researchers 

agree t h a t  geothermal energy w i l l  f u r n i s h  on ly  
a small p a r t  o f  the  n a t i o n ' s  energy requ i re -  
ments by the  year  2000. 

s t r u c t u r a l l y  d i s t i n c t  and poss ib ly  h y d r o l o g i c a l l y  
and thermal ly  d i s t i n c t  from the  Yellowstone 
Nat ional  Park "known geothermal resource area." 
Although the  p o t e n t i a l  f o r  geothermal power i s  
enormous i n  the  Yellowstone area, the t h r u s t  

The Idaho-Wyoming-Utah t h r u s t  b e l t  i s  

b e l t  has a low p o t e n t i a l .  

values f o r  geothermal resources w i t h i n  the  
RARE 11. t r a c t s  i s  p a r t i c u l a r l y  d i f f i c u l t  because 
o f  the  seemingly dispersed na ture  o f  the  resource. 
Because t h e  geothermal i n d u s t r y  i s  s t i l l  i n  i t s  
infancy, the  resource assessment considered 
n e i t h e r  the  techn ica l  f e a s i b i l i t y  nor  the  
economics o f  geothermal development. As a 
r e s u l t ,  t h e  f a v o r a b i l i t y  was based on USGS data 
(White and Wi l l iams 1975), a geothermal resources 
map prepared by t h e  Nat ional  Oceanic and Atmos- 
pher ic  Admin is t ra t ion  (NOAA) i n  1977 (NOAA 1977), 
and the abundance o r  absence o f  such features as 
h o t  spr ings,  earthquakes, and r e l a t i v e l y  recent  
i n t r u s i v e  and e x t r u s i v e  igneous rocks t h a t  a re  
commonly considered essent ia l  f o r  a geothermal 
resource. These fea tures  are  p a r t i c u l a r l y  
ev ident  i n  t r a c t s  04162, 04175, and 04176. Based 
on p r o x i m i t y  t o  Yellowstone Nat ional  Park, a 
c e r t a i n t y  o f  2 was assigned t o  a l l  t r a c t s .  I n  
ass ign ing an ove ra l l ,  t ract - impor tance r a t i n g ,  
the  geothermal resource was the  l e a s t  impor tant  
o f  a l l  the  energy and minera l  resources evaluated. 
The d i s t r i b u t i o n  o f  geothermal " f a v o r a b i l i  ty /  
c e r t a i n t y ' '  values f o r  the  63 t r a c t s  i s  shown i n  
Table 2 and summarized i n  Table 6. 

The assignment o f  f a v o r a b i l i t y l c e r t a i n t y  

Table 6. D i s t r i b u t i o n  o f  geothermal 
energy r a t i n g s  among Idaho- 

Wyoming-Utah t r a c t s  

r a t i n g  t r a c t s  . . (thousands) 
ORNL Number o f  . Acres 

2/2 42 1606 
3/ 2 21 1515 
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Fig .  6. Ratings o f  coal i n  the  Idaho-Wyoming-Utah t h r u s t  b e l t .  
The l a s t  3 d i g i t s  o f .Tab le  2 t r a c t  numbers a re  l i s t e d .  

A graphic d i sp lay  o f  the  geothermal r a t i n g s  
i s  shown i n  F ig .  7. 

2.3.6 C r i t i c a l  minerals 

The economic and s t r a t e g i c  importance o f  
c r i t i c a l  m inera ls  has guided our eva lua t ion  o f  

these resources i n  the Idaho-Wyoming-Utah t h r u s t  

b e l t .  
sent i n  the  RARE I 1  lands o f  the  t h r u s t  b e l t  are 

phosphorus, gold, copper, and asbestos. 

Phosphorus occurs i n  the  phosphate rock 
resources o f  the  Northwest Phosphate Region 
(Idaho, Montana, Utah, and Wyoming). 

i d e n t i f i e d  phosphate resource o f  t h i s ' r e g i o n  
i s  more than one-hal f  o f  t h a t  o f  the Un i ted  States 

The c h i e f  c r i t i c a l  mineral  deposi ts pre- 

The 

as a whole (Cathcart  and Gulbrandsen 1973) and 
amounts t o  nea r l y  800 m i l l i o n  tons of contained 
phosphorus. Not on ly  does most o f  t h i s  resource 
l i e  w i t h i n  the Idaho-Wyoming-Utah t h r u s t  b e l t  
area, b u t  a s i g n i f i c a n t  p a r t  l i e s  w i t h i n  the  
RARE I 1  t r a c t s  o f  the  b e l t .  
the  t r a c t s  i n  the  t h r u s t  b e l t  have outcrops o f  

phosphate-bearing rocks (Voel ke r  e t  a1 . 1979). 

Furthermore, most o f  these are  the  l a r g e r  t r a c t s  

i n  the  eastern and nor thern  p a r t  of the t h r u s t  
b e l t  (F ig .  3 ) .  

A1 though the phosphate resources are o f  
importance i n  t h e i r  own r i g h t  as a major component 

o f  mineral  f e r t i l i z e r ,  the western U.S. phos- 

pho r i t es  are a l so  important f o r  t h e i r  content o f  

Near ly one-hal f  o f  

c 
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Fig .  7. Rat ings o f  geothermal energy i n  the  Idaho-Wyoming-Utah 
The l a s t  3 d i g i t s  o f  Table 2 t r a c t  numbers a re  l i s t e d .  t h r u s t  b e l t .  

minor elements, the most s i g n i f i c a n t  o f  which a re  
vanadium, f l u o r i n e ,  uranium, cadmium, chromium, 
molybdenum, and z inc.  These elements very 1 i k e l y  
may be recovered i n  the  n o t  t oo  d i s t a n t  f u t u r e  as 
by-products; vanadium has been recovered f o r  
some years, and i t  i s  a n t i c i p a t e d  tha t ,  by 1982, 
a l l  phosphoric a c i d  p lan ts  i n  North America w i l l  
have i n s t a l l e d  uranium recovery c i r c u i t s .  I n  

t h i s  regard, chromium i s  o f  spec ia l  i n t e r e s t  

because i t  occurs i n  amounts averaging about 
0.3% (Gulbrandsen 1966). The low-grade occur- 
rence o f  chromium i s  l i k e l y  t o  be o f  consider-  

ab le s i g n i f i c a n c e  i n  the  n o t  t oo  d i s t a n t  fu ture,  

cons ider ing the  p ro jec ted  demands f o r  chromium, 
the l a c k  o f  domestic convent ional  ores, and 
the unstable p o l i t i c a l  nature o f  the regions 

from which we draw most o f  our  imports.  How- 
ever, t he  prec ise h a b i t a t  o f  chromium i n  the 
phosphate rock i s  n o t  we l l  known (Gulbrandsen 
1979), and:much research i s  needed, n o t  on l y  

t o  determine whether o r  n o t  the chromium can be 
recovered economically b u t  a l so  t o  ensure t h a t  
excess so lub le  chromium s a l t s  a re  n o t  being d i s -  
charged t o  the  environment du r ing  f e r t i l i z e r  
manufacturing. 

The importance o f  go ld  as a c r i t i c a l  mineral  
should n o t  be underestimated e i t h e r  i n d u s t r i a l l y  

o r  economically. The Mount Pisgah gold d i s t r i c t  
i n  Bonnev i l l e  County, Idaho, repo r ted l y  produced 

as much as 60,000 oz o f  gold, most ly  i n  the  1870s 
and c h i e f l y  f rom placers.  

a re  repor ted t o  be i n  p y r i t i c  quar tz  veins,  b u t  
Bedrock occurrences 
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the  geological  p o t e n t i a l  o f  the  d i s t r i c t  has 
n o t  been adequately assessed, p a r t i c u l a r l y  f o r  
f ine-grained, Car l i n - t ype  deposi ts.  

d i s t r i c t  l i e s  w i t h i n  RARE I 1  t r a c t s  (04160. 
04161, 04615, and 04616) i n  the  nor thern  p a r t  
o f  the  Idaho segment o f  the  t h r u s t  b e l t  area. 
However, because o f  the  l ack  o f  adequate new 
data, t he  c e r t a i n t y  o f  go ld  occurrence i s  low, 
a1 though the  f a v o r a b i l i  ty  i s  considered t o  be 
high. 

o f  z inc  and the  precious metals occur i n  
several  types o f  deposi ts throughout the  
western p a r t  o f  the  Idaho-Wyoming-Utah t h r u s t  
b e l t  region. The f a v o r a b i l i t y  f o r  the occur- 

rence o f  la rge ,  economic grade deposi ts i s  
r e l a t i v e l y  low, using cu r ren t  exp lo ra t i on  
models . 

1962) has been repor ted  on o r  near t r a c t s  
04610 i n  western Wyoming and 04763 no r th  o f  
Ogden, Utah. 
general na ture  o f  t h e i r  geologic occurrence 
does n o t  i n d i c a t e  a p o t e n t i a l  f o r  large, 
r e a d i l y  ava i l ab le  resources. 

i s  obviously very complex - much more complex 
than t h a t  f o r  a s i n g l e  resource. The d iverse  

na ture  o f  the  geo log ica l l y  favorab le  environ- 
ments i n  which the  var ious resources can occur 
and the  methods used i n  the  search fo r  t h e i r  
presence a re  the  major f a c t o r s  o f  t h i s  com- 
p l e x i t y .  Goals i n  f u t u r e  r a t i n g  procedures 
may we l l  have t o  inc lude separate r a t i n g s  f o r  
some, i f  n o t  a l l ,  o f  the c r i t i c a l  minerals.  
d i s t r i b u t i o n  o f  the  var ious combinations o f  
f a v o r a b i l i t y  and c e r t a i n t y  o f  c r i t i c a l  minerals 
i n  t h e  RARE I 1  t r a c t s  o f  t he  Idaho-Wyoming- 
Utah t h r u s t  b e l t  i s  shown i n  Table 7. Note 

the  l a r g e  acreage t h a t  has been given a 4/4 
r a t i n g .  This acreage i s  revealed i n  F ig .  8 
t o  be concentrated i n  l a r g e  t r a c t s  i n  the nor th -  

eas t .po r t i on  o f  the  region. 
t r a c t s  having copper p o t e n t i a l  , the smal le r  

t r a c t s  t o  the  southwest a re  o f  l e s s  value f o r  
c r i t i c a l  minerals.  

Much o f  t h i s  

Copper, some lead, and minor q u a n t i t i e s  

Asbestos and/or t a l c  (Chidester and Shr ide 

The deposi ts a re  small ,  and the 

The na ture  of our c r i t i c a l  minerals r a t i n g  

The 

Except f o r  several 

Table 7. D i s t r i b u t i o n  o f  c r i t i c a l  
m inera ls  r a t i n g s  among Idaho- 

Wyoming-Utah t r a c t s  

ORNL Number of Acres 
r a t i n g  t r a c t s  (thousands) 

16 
3 
3 
2 

1 
6 

4 
14 
12 

2 

- 
63 

1502 
552 

34 
31 

91 
83 

89 
323 
400 

16 

3121 

2.3.7 Overa l l  t r a c t  importance r a t i n g  

The o v e r a l l  r a t i n g s  assigned by the team t o  

each t r a c t  a re  l i s t e d  i n  Table 2. One can appre- 
c i a t e  the  h igh  o v e r a l l  resource p o t e n t i a l  

( importance) o f  the  t h r u s t  b e l t  by aggregating 
and d i sp lay ing  the  r a t i n g s  i n  Table 2 i n  
several d i f f e r e n t  ways. The o v e r a l l  importance 
r a t i n g  o f  each t r a c t  i s  shown i n  F ig .  9 by the  
amount o f  b lack  i n  each c i r c l e .  The frequency 
d i s t r i b u t i o n  o f  the  o v e r a l l  r a t i n g s  i s  shown i n  
Fig.  10. The d i s t r i b u t i o n  i s  e s s e n t i a l l y  f l a t ,  
w i t h  approximately the  same number o f  t r a c t s  
appearing i n  each category. 

t r a c t s  appearing i n  categor ies 3 and 4 h i g h l i g h t s  
the importance o f  the t h r u s t  b e l t .  
o ther  regions o f  s i m i l a r  s i z e  i n  the  country, 
the  preponderance o f  t r a c t s  w i l l  most 1 i ke ly  

occur i n  categor ies 1 and 2, w i t h  r e l a t i v e l y  few 
e n t r i e s  i n  categor ies 3 and 4. The importance 
i s  f u r t h e r  emphasized i n  Fig.  11, i n  which the  
acreage i n  category 4 i s  shown t o  be grea ter  

than a l l  the o the r  categor ies combined. Most 
t r a c t s  f a l l  i n t o  category 4 by v i r t u e  o f  the 

The la rge  number o f  

I n  most 
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t h r u s t  b e l t .  The l a s t  3 . d i g i t s  o f  Table 2 t r a c t  numbers a r e  l i s t e d .  

mu1 t i p l e  occurrence o f  va luable resources and 
t h e  f a c t  t h a t  l a r g e  s i z e  can u s u a l l y  be equated 
t o  l a r g e r  q u a n t i t i e s  o f  resources. 
o f  F igs.  4, 6, and 8 shows a c l u s t e r  o f  d a r k l y  
shaded t r a c t s ,  u s u a l l y  i n c l u d i n g  t r a c t s  04102, 
04106, 04107, 04112, 04161, 04611, 04613, and 
04615. 
impor tant  i n  the  o v e r a l l  r a t i n g  (F ig .  9 ) .  

A qu ick  scan 

These same t r a c t s  appear as h i g h l y  

2.4 Centra l  Appalachian Thrust  
B e l t  Appl i c a t i  on 

2.4.1 Descr ip t ion  o f  t h e  c e n t r a l  Appalachians 

The c e n t r a l  Appalachians s tud ied  i n  the  

second a p p l i c a t i o n  a r e  shown i n  F ig .  12. The 
reg ion  l i e s  w i t h i n  a 330- by 100-mile b e l t  

p a r a l l e l i n g  the  reg ional  geolog ic  s t r u c t u r e  and 
encompasses l a r g e  p a r t s  o f  V i r g i n i a ,  West 
V i r g i n i a ,  Nor th Caro l ina,  and Tennessee. The 
area comprises approximately 33,000 sq mi les,  o r  
about 21,100,000 acres, and conta ins 72 RARE I 1  
t r a c t s  t o t a l l i n g  about 610,000 acres. 
compared w i t h  Fig. 3, F ig .  12 i l l u s t r a t e s  t h e  
r e l a t i v e l y  small  s i z e  o f  t h e  c e n t r a l  Appalachian 
t r a c t s .  

The c e n t r a l  Appalachians inc lude th ree  

When 

r e l a t i v e l y  d i s t i n c t  nor theast - t rending physio- 

graphic  provinces, which correspond roughly  t o  
geo log ic /s t ruc tu ra l  provinces (Fenneman 1946). 
Along the  southeast s ide  i s  the  Blue Ridge pro- 

vince, which cons is ts  l a r g e l y  o f  Precambrian 
igneous and metamorphic rocks and smal le r  amounts 
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The l a s t  3 d i g i t s  of Table 2 i n  t h e  Idaho-Wyoming-Utah t h r u s t  b e l t .  

t r a c t  numbers a re  l i s t e d .  
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Fig.  10. To ta l  number o f  t r a c t s  i n  each 
importance category f o r  RARE I 1  t r a c t s  evaluated 
i n  the Idaho-Wyoming-Utah t h r u s t  b e l t .  
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Fig.  11. To ta l  acreage a l l o t t e d  t o  each 
importance category f o r  t h e  RARE I1 t r a c t s  
evaluated i n  the  Idaho-Wyoming-Utah t h r u s t  b e l t .  
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Fig .  12. RARE I 1  t r a c t s  i n  .the c e n t r a l  Appalachian t h r u s t  b e l t .  

o f  Paleozoic sedimentary rocks. 
a r e  l oca ted  i n  the  metamorphic and igneous east -  
e rn  p a r t  o f  t he  province, and four teen are 
l oca ted  i n  the  sedimentary rocks on the  western 

edge. Adjacent t o  the Blue Ridge t o  the no r th -  

west i s  t he  Va l l ey  and Ridge province, which 

cons is t s  o f  Lower and Middle Paleozoic sedi -  

mentary rocks. 
i n  t h i s  prov ince.  
Va l l ey  and Ridge i s  t he  Appalachian Plateau 

F i f t e e n  t r a c t s  

T h i r t y - f o u r  t r a c t s  are l oca ted  

Immediately northwest of t he  

province, which cons is t s  o f  Middle and Upper 
Paleozoic sedimentary rocks.  
i nc luded  i n  t h i s  province. 

A l l  t h ree  provinces have been deformed as a 

r e s u l t  o f  l a t e  Paleozoic compression d i r e c t e d  t o  
the northwest ( H a r r i s  and M i l i c i  1977). 

compression has formed abundant f o l d s  and 
t h r u s t  f a u l t s ,  p a r t i c u l a r l y  i n  the V a l l e y  and 
Ridge. I n  general ,  t h r u s t  f a u l t s  a re  the 

dominant s t r u c t u r e s  a t  t he  sur face i n  the  

Nine t r a c t s  are 

The 
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southern and eastern parts of the province, 
whereas the northern and western segments a re  
characterized by large fold structures w i t h  only 
nominal fau l t ing .  These parts of the province 
a re  informally called thrust faul t-dominated 
and fold-dominated, respectively, i n  t h i s  report. 
Eleven t r a c t s  a r e  located in the thrust- 
dominated area,  and twenty-three t r ac t s  a re  
located in the fold-dominated area. In the 
Appalachian Plateau, the compressional deforma- 
t ion i s  much l e s s  severe, although large folds 
and area l ly  extensive thrust sheets have been 
recognized. 
deformation increases, and metamorphic e f fec ts  
a r e  widespread, especially in  the Blue Ridge. 

To the eas t ,  the in tens i ty  of 

2.4.2 Oil and gas 

In 1859 o i l  was f i r s t  discovered in the 
United S ta tes  within the Appalachian Plateau 
of Pennsylvania. Since then o i l  and gas explora- 
t ion  and production have been concentrated i n  
the Appalachian Plateau, w i t h  some in the fold- 
dominated part  of the Valley and Ridge, both 
in  and north of the area considered in this 
report .  On the other hand, l i t t l e  exploration 
fo r  o i l  and gas has been conducted in  the 
thrust fault-dominated par t  of the Valley and 
Ridge, and v i r tua l ly  none in  the Blue Ridge 
(USGS 1974, 1975). 

As a r e su l t  of the long history of o i l  and 
gas production from the Appalachian Plateau, 
t h i s  province i s  considered very favorable fo r  
continued discoveries. 
hydrocarbon-source rocks ( i  .e. , organic shales 
and limestones) and a broad spectrum of reser- 
voirs tha t  range from the porous sands in 
c l a s s i c  an t ic l ines ,  f a u l t  t raps ,  shoestring 
sands, o r  s t ra t igraphic  traps t o  dolomitic and 
f rac ture  porosit ies in  carbonate rocks. In 
short ,  the region as  a whole i s  broadly favor- 
able geologically in  numerous formations of a 
variety of ages. Indeed, many of the concepts 
developed t o  explain the accumulation of 
petroleum originated in 1 ate-ni neteenth-century 
studies in  the Appalachian region. 

The region contains many 

Because of these considerations, a l l  Plateau 
t r ac t s  were assigned a favorabi l i ty  of 4 
(Fig. 13) .  The cer ta in ty  of occurrence was rated 
as  2 because of the distance t o  known f i e lds  
and the uncertain extrapolation t o  t r a c t s  from 
structures known t o  contain o i l  and gas. 

The rocks of the Valley and Ridge a re  
similar t o  those of the Appalachian Plateau: 
sedimentary rocks tha t  a c t  as hydrocarbon sources 
and reservoirs.  
Valley and Ridge contains several an t ic l ines  
known t o  produce hydrocarbons, and the thrust 
f au l t s  a t  depth may have ver t ica l ly  stacked 
productive units.  However , the productive 
Pennsylvanian rocks a re  not present, and there 
has been l i t t l e  exploration of potentially 
favorable Lower Paleozoic rocks. 

The fold-dominated par t  of the 

Although the older Paleozoic rocks may have 
or ig ina l ly  contained the abundant organic material 
to  form o i l  and gas, the very age of the rocks, 
in addition t o  the tectonic ac t iv i ty  and meta- 
morphism t o  which they have been subjected, 
mitigates against  retention of large quant i t ies  
of hydrocarbons. 
fau l t ing  would permit leakage t o  the surface 
because e a r l i e r  concentrations of o i l  and gas 
were heated by the compression and metamorphism. 
Because of this history such recoverable hydro- 
carbons ye t  trapped in the’province a re  most 
l ike ly  gas. 

abi 1 i t y  and certainty vary throughout the pro- 
vince. Two t r a c t s ,  09044 and 09045, a r e  rated 
4/4 because they overlie a known gas f i e l d  from 
which there i s  production (Patchen e t  a l .  1978). 
One t r a c t ,  08051 , i s  rated 4/3 because i t  l i e s  
close t o  a gas-producing an t ic l ine  (Patchen e t  
a l .  1978). Eleven other t r ac t s  a re  rated 4/2 
because they a re  near gas-producing an t ic l ines .  
All of these t r a c t s  a re  in  the western parts of 
the Valley and Ridge province. 
c loser  t o  the Blue Ridge, both favorabi l i ty  and 
cer ta in ty  drop. For instance, t r a c t  08185 on the 
boundary between the Valley and Ridge and Blue 
Ridge i s  rated 2/1. 

The fracturing and l a t e r  thrust 

As a r e su l t  of these considerations, favor- 

As t r ac t s  ge t  
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Fig.  13. Rat ings o f  o i l  and gas i n  the cen t ra l  Appalachian t h r u s t  b e l t .  

The Blue Ridge cons is t s  o f  Precambrian 
metamorphic and igneous rocks and Cambrian sedi -  
mentary rocks t h a t  almost c e r t a i n l y  con ta in  no 
o i l  o r  gas. 
s e t  o f  extensive,  west -d i rected t h r u s t  sheets, 
emplaced over sedimentary rocks s i m i l a r  t o  those 

i n  the Va l l ey  and Ridge ( H a r r i s  1976). I f  so, 

p o t e n t i a l  e x i s t s  f o r  gas a t  depth below the 
Blue Ridge. Also, recen t  data ( P r i c e  1977) have 
shown t h a t  f l u i d  hydrocarbons can e x i s t  a t  h igh 

However, t he  Blue Ridge may be a 

developing theor ies,  we have cau t ious l y  ra ted  the 
f a v o r a b i l i t y  o f  the t r a c t s  w i t h  metamorphic and 
igneous rocks a t  t he  sur face as 2 and have 
r a t e d  as 3 the  t r a c t s  i n  the sedimentary rocks 
a t  the western edge o f  t he  province. Because o f  
t he  l a c k  o f  data on actual  occurrence, however, 

c e r t a i n t y  was r a t e d  as 1 except f o r  t r a c t  08042, 
which i s  c l o s e r  t o  gas-bearing rocks and there- 

f o r e  was r a t e d  2. 
The r a t i n g s  f o r  o i l  and gas a re  summarized 

temperatures so t h a t  t he  metamorphism o f  t he  i n  Table 8 f o r  t he  72 t r a c t s .  Overa l l ,  about 

Blue Ridge may n o t  have d r i ven  o f f  o r  destroyed one- th i rd  o f  both the  t r a c t s  and the  acreage i s  
a n v  n v i c t i n n  n i l  a n d  n a c  Rerat ice  n f  theqe t w n  h i a h l v  favnrab le  ( 4 / 2  o r  h iaher ) .  On t h e  o t h e r  
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Table 8. D i s t r i b u t i o n  of o i l  and gas 
r a t i n g s  among t r a c t s  i n  the  

cen t ra l  Appalachians 

ORNL Number of Acres 
r a t i n g s  t r a c t s  (thousands) 

211 22 112 
31 1 8 97 

412 20 200 

414 2 12 

312 I 19 174 

413 1 15 

hand, the  t r a c t s  make up on ly  a small p a r t  of 

the  favorab le  acreage i n  the cen t ra l  Appala- 
chians so t h a t  the  r a t i n g s  f o r  o i l  and gas d i d  
n o t  j u s t i f y  r a i s i n g  o v e r a l l  importance t o  4. 

Complete r a t i n g  and acreage in fo rmat ion  f o r  
each t r a c t  i s  l i s t e d  i n  Table 9. 

2.4.3 Uranium 

Exp lora t ion  f o r  uranium i n  the  eastern 
Un i ted  States has been l i m i t e d  (ERDA 1976). 

Because the  known deposi ts occur i n  igneous, 
sedimentary, and metamorphic rocks and because 
these rock types are common i n  the cen t ra l  
Appalachians, a l l  RARE I 1  t r a c t s  were assigned 
a f a v o r a b i l i t y  o f  a t  l e a s t  2 (Table 9 ) .  The 
f a v o r a b i l i t y  was increased if the t r a c t  con- 
ta ined  one o r  more p a r t i c u l a r l y  favorab le  rock 
types such as k a r s t  breccia,  sandstone, con- 

glomerate, and g ran i te .  
The t r a c t s  most l i k e l y  t o  conta in  uranium 

deposi ts a re  i n  the Blue Ridge, where g r a n i t i c  
gneisses, g ran i tes ,  and Lower Paleozoic sand- 
stones and conglomerates are common. Three 
t r a c t s  i n  the Blue Ridge i n  North Carol ina,  
where uranium has been found (Bryant and Reed 

Table 9. RARE I1 t r a c t  eva lua t ion  f o r  the cen t ra l  Appalachian t h r u s t  b e l t  

T rac t  number 
and name 

C r i t i c a l  Acreage Overa l l  O i  1 
and UraniunP CoalQ Geothermala minerals~ ( thousands) ratingb 
gasa 

08033 Beaverdam Creek 
L8033 Beaverdam Creek 
08272 B ig  Laurel  Branch 
08276 D e v i l ' s  Backbone 
08271 Hickory F l a t  Branch 
08150 I r o n  Mountain 
08036 Jennings Creek 
08274 Laurel  Fork 
08202 Nolichucky 
08273 Pond Mountain 

Add i t i on  
08035 Pond Mountain 
08032 Rogers Ridge 
08275 Unaka Mountain 
08055 Balsam Cone 
08054 B ig  Creek 
08056 Craggy Mountain 

Extension 
08193 Craggy Mountain WSA 
L8315 Harper Creek 
08058 L i n v i l l e  Gorge 

Extension 
L8058 L i n v i l l e  Gorge 

Extension 

L8314 Los t  Cove 
08200 Middle Prong 
08057 Shining Rock 

L8313 Upper W i  1 son 
08197 Wildcat 
08183 Barbours Creek 
08048 Beartown 
08181 B ig  Stoney. 

Extension 

31 1 
31 1 
31 1 
21 1 

3/ 1 

2/ 1 
2/ 1 
2/ 1 

2/1 

2/ 1 
2/ 1 
2/ 1 
2/1 

2/ 1 
211 
21 1 

2/ 1 

2/ 1 
2/ 1 
2/ 1 

2/1 
2/ 1 
31 2 
3/ 2 
4/2 

31 1 

31 1 

31 1 

211 
211 
21 1 
211 
21 1 
211 
211 
211 
211 
21 1 

21 1 
211 
211 
21 1 
21 1 
21 1 

211 
211 
21 1 

21 1 

211 
211 
211 

211 
211 
211 
21 1 
211 

414 
312 
414 
312 
414 
414 
312 
213 
312 
312 

414 
414 
212 
413 
311 
311 

311 
211 
312 

312 

211 
31 3 

.4/3 

211 
312 
31 2 
311 
211 

5 3- 
2 2- 
6 3 
4 2- 
5 3 

14 3 
15 2+ 
2 2- 
3 2 
2 3- 

4 3- 
7 3 
5 1+ 

14 3+ 
6 2- 
1 2+ 

1 2+ 
7 3+ 
4 2+. 

3 2+ 

6 3+ 
10 3- 
10 3 

7 3 
7 2 

16 3- 
11 2+ 

4 2+ 
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Table 9. (cont inued)  

. 

T r a c t  number 
and name 

C r i t i c a l  Acreage Overa l l  O i  1 
and Uraniuma Coala Geothermala mineralsa (thousands) ratingb 
gasa 

08180 D e v i l s  Fork 412 212 
08184 Hoop Hole 3/2 211 
08182 Kimberl i n g  Creek 3/2 211 
08050 Lewis Fork 211 2/2 
08049 L i t t l e  Dry Run 21 1 211 
08052 L i t t l e  Stoney 41 2 212 
08053 L i t t l e  Wilson Creek 211 212 

211 08186 M i l l  Creek WSA 
08187 Mountain Lake WSA 312 
08188 Peters  Mountain WSA 312 211 
08051 Roaring Branch 413 212 
08185 Thunder Ridge 211 311 
08047 B i g  Schloss 31 1 211 
08043 Crawford Mountain 312 211 
08171 D o l l y  Anne 312 211 

211 081 72 E l  1 i o t t  Knob 
08173 Head o f  Dry R i v e r  
08045 Laure l  Fork 31 2 211 
08046 L i t t l e  R iver  31 2 211 
08174 Ramseys D r a f t  312 211 

08044 Ramseys D r a f t  Study 312 21 1 

08041 Rich Hole 312 211 
08040 Rough Mountain 31 2 211 
08042 S t .  Mary 's  31 2 211 
08170 Dry R iver  31 2 211 

2/2 0901 0 Cranberry 
09040 Cheat Mountain 412 
09041 Seneca Creek 412 211 
09042 Nor th Mountain 412 211 

H o p e v i l l e  
211 09043 Canaan Loop 

09044 Laure l  Fork Nor th 414 
09045 Laure l  Fork South 414 211 
09047 Gaul ey Mountain 41 2 212 
09048 Tea Creek Mountain 412 212 
09049 F a l l s  o f  H i l l s  Creek 412 212 
09050 Middle Mountain 41 2 211 
09051 L i t t l e  Al legheny 41 2 211 

09052 L i t t l e  Mountain 41 2 211 
09326 East Fork o f  412 211 

09327 D o l l y  Sods Roaring 412 211 

09328 Turkey Mountain 412 2/2 314 211 212 
09329 Spice Run 412 211 114 211 211 
09330 M a r l i n  Mountain 41 2 211 114 211 312 9 3. 
09331 Cranberry A d d i t i o n  412 212 314 211 213 10 

312 211 

312 211 312 

A d d i t i o n  

Area 

412 211 

412 211 

Mountain 

Greenbr ier  

P l a i n  
16 3- 
6 2- 

3- 

Upper number represents  f a v o r a b i l i t y  o f  t h e  area f o r  occurrence o f  the  resource; lower  a 

number represents  c e r t a i n t y  t h a t  the  resource i s  present. 
b l  t o  4+. 

211 
211 

211 
312 
211 
311 
31 3 
211 
211 
313. 
312 
312 
211 
211 

6 
5 
6 
6 
3 
1 
4 
4 

12 
4 
3 
3 

41 
15 
8 

12 
1 

11 
11 
13 

7 

5 
9 

11 
17 
36 
8 

21 
7 

7 
6 
6 

13 
10 
8 

19 
11 

8 
7 

14 

2+ 
2+ 
1+ 
1+ 
2 
2+ 
1+ 
2 
3- 
2 
2+ 
1+ 
1+ 
1+ 
1+ 
1+ 
1+ 
2- 
2- 
2- 

, 

2- 

1+ 
2 
2- 
2 
3 
2+ 
2 
2 

2+ 
3 
3 
2+ 
2+ 
2+ 
2+ 
2- 

2- 
2 

3- 



30 

1966), were assigned a favorabili ty of 4. 
two c losest  t o  the deposit, L8314 and L8315, 
were assigned a cer ta inty of 4 ,  and L8313 was 
judged t o  have a cer ta inty of 2. Two t r ac t s ,  
08273 and 08274 in the Blue Ridge in Tennessee, 
are  within the Walnut Mountain uranium d i s t r i c t  
(Butler and Stansfield 1968) and were rated 3/2. 
The remaining 24 t r a c t s  in the Blue Ridge and 
the 12 in the Precambrian c rys t a l l i ne  rocks 
were rated 2 / 2 ,  and the 12 in the sedimentary 
rocks t o  the west were rated 2/1.  

The 

4(  

.- 

The t r ac t s  i n  the Valley and Ridge and 
Plateau provinces are  considered less  favorable 
fo r  uranium. No t r a c t  was rated above 2/2 .  

The rating pattern i s  graphically por- 
trayed in Fig .  14, whereas Table 10 summarizes 
the ratings among the 72 t r ac t s .  
f i ve  t r a c t s  total l ing 24,000 acres were assigned 
a favorabili ty of 3 ,o r  4 ,  which indicates the low 
potential fo r  uranium in the central Appalachians. 
As uranium exploration continues, however, new 
models fo r  accumulation will no doubt be 
developed, and perhaps areas tha t  are  considered 

Overall, only 

ORNLPWG 79-7231 

Fig. 14. Ratings of uranium i n  the central Appalachian thrust  be l t .  
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Table 10. Distribution of uranium 
ratings among t r a c t s  i n  the 

central  Appal achi ans 
Table 11. Distribution of coal 

ratings among t r a c t s  i n  the 
central Appalachians 

ORNL Number of Acres 
ra t ing t r a c t s  (thousands) ORNL Number of Acres 

rating t r a c t s  (thousands) 
211 39 405 
212 28 205 
312 2 5 
412 1 7 
414 2 13 

unfavorable now will become exploration targets  
i n  the future.  

2.4.4 Coal 
Bituminous coal is  a major resource of the 

central Appalachians. 
the Appalachian coalf ie ld ,  which l i e s  i n  the 
Appalachian Plateau province and part  of the 
thrust  fault-dominated segment of the Valley and 
Ridge province i n  rocks of Carboniferous age. 
Only s ix  t r a c t s  (08051, 08010, and 08181 in 
Virginia and 09040, 09043, and 09327 in West 
Virginia) l i e  within the coalfield (Trumbull 
1960). 
cer ta inty rating of 414 (Table 9).  
t r a c t s  (08052 in Virginia and 09010, 09047, 
09048, 09049, 09329, and 09331 in West Virginia) 
l i e  near the edge of the coalfield within l e s s  
favorable environments fo r  minable coal (Trum- 
bull 1960) and were assigned favorabi l i t ies  of 2 
o r  3. Yet because these t r a c t s  contain coal, 
although o f  poor quali ty or small tonnage, the 
cer ta inty of coal occurrence i s  4 (Table 9) .  
The other 59 t r ac t s  l i e  in areas that  are  known 
not t o  contain coal and were therefore assigned 
a 114 rating. 
played in Fig. 15. 

acreage a re  unfavorable f o r  coal,  as shown i n  
Table 11. 
reserve and l i t t l e  of t h i s  coal underlies RARE I1 
acreage, a high t r a c t  rating fo r  coal had l i t t l e  
e f f ec t  on the overall importance rating of a t r a c t .  

The coal occurs mainly in 

Each t r a c t  was assigned a favorabili ty1 
Seven other 

The coal ra t ing pattern i s  dis- 

The majority o f  t r a c t s  and the majority of 

Because the nation has a large coal 

~~ ~ 

114 59 483 
214 3 31 
314 4 54 
41 4 6 42 

2.4.5 Geothermal energy 

The current tectonic set t ing of the cen- 
t r a l  Appalachians i s  characterized by minor 
earthquakes, a shallow geothermal gradient, and 
no apparent significant recent f au l t s  that  
penetrate to  the present land surface. In 
addition, the youngest igneous ac t iv i ty  may be 
over 45 million years old. Compared with other 
regions of h i g h  heat flow, recent volcanism, and 
active f au l t s ,  the central Appalachians a re  not 
a favorable base fo r  geothermal resources 
(AAPG 1976a,b). 
may have some,potential. All 72 t r a c t s  were 
assigned a favorabili ty of 2. Only two t r ac t s  
were assigned a certainty of 2 ,  based on the 
occurrence of hot springs in o r  near the t r a c t  
(08171 and 08040). 
assigned a cer ta inty of 1.  
of a 1 certainty indicates a basic lack of 
understanding of the nature, occurrence, and 
extent of geothermal resources. 

The pattern o f  ratings i s  graphically dis- 
played in Fig. 16, and the various combinations 
o f  favorabil i tylcer ta inty ratings are  tabulated 
i n  Table 12. 

However, h o t ,  dry rock a t  depth 

The remaining 70 t r a c t s  were 
The predominant use 

2.4.6 Cri t ical  minerals 

The c r i t i c a l  or s t ra tegic  nature of cer ta in  
mineral resources is a major factor  in our 
evaluation of the RARE I1 t r a c t s  i n  the central 
Appalachians. The general category of c r i t i c a l  
minerals as used in t h i s  report has been dis- 
cussed in Sect. 2.2; the materials included i n  
t h i s  category are  l i s t ed  in Table 1.  
minerals that  have been produced or are  l ikely 
t o  occur i n  the central Appalachians are: 

Those 
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Fig. 15. Ratings of coal in the central Appalachian thrust belt. 

Asbestos Fluorite Phosphate minerals 
Barite Gold Sulfur 
Bauxite Iron Tin 
Cadmi um Manganese Ti tani um 
Copper Mica (sheet) Zinc 

A known resource potential for critical 
minerals does not occur in many of the RARE I1 
tracts in the central Appalachians for the most 
part. However, a high certainty of resource 
occurrence is generally nearby, usually as a 
result'of the tract's being along the regional 
strike from favorable areas. 
previously, the central Appalachians span three 

As mentioned 

major physiographic/geologic provinces. Although 
many critical minerals may occur in more than 
one province, a significant potential is commonly 
restricted to only one or sometimes two 
provinces because of the variety of geologic 
factors that affect favorability. 
titanium potential seems to be limited largely 
to ilmenite-apatite-rutile concentrations in 
Precambrian anorthosites and to i lmeni te-zircon 
paleoplacers in Precambrian and early Cambrian 
clastic rocks, all in the Blue Ridge (Herz and 
Ei lertsen 1968). 

For example, 
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Fig. 16. Ratings of geothermal energy in the central Appalachian thrust belt. 

Table 12. Distribution of 
geothermal ratings among 

tracts in the central 
Appalachians 

~~ 

ORNL ,Number of Acres 
rating tracts (thousands) 

211 70 594 
212 2 17 

Zinc and its associated cadmium by-product 
are two of the most important critical minerals 
in the central Appalachians. 
Wedow and others (1973), more than one-half of 
our domestic zinc production comes from districts 

According to 

producing from the Cambro-Ordovician dolomitic 
rocks of the Valley and Ridge. 
rocks are exposed in most o f  the thrust plates 
in the Valley and Ridge and also underlie the 
Appalachian Plateau. 
of a new model, unrelated to the classic 
Appalachian thrust structures, that spurred 
exploration of the zinc potential at depth 
in the flat-lying rocks west of the Valley and 
Ridge province. Eventually this exploration 
led to the discovery and development of the new 
large Central Tennessee-Southern Kentucky zinc 
district in the 1960s and 1970s. 

amounts of phosphate resources occur sporadically 

These favorable 

It was the development 

Barite, bauxi te , manganese ore, and 1 esser 
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in the clay residues from weathering of Paleo- 
zoic carbonate rocks, chiefly in the Valley and 
Ridge. 
also occur in small limonite deposits, usually 
associated with manganese ore. Iron ores have 
also been developed in the stratiform sedimen- 
tary deposits, which are typified by extensive 
hematite ores of the Birmingham region of 
Alabama. Except for the residual concentra- 
tions of ore that are limited to the current 
land surface, most favorable rock units and 
associated ores project westward beneath the 
Appalachian P1 ateau. 

Copper, zinc, and sulfur have been 
recovered from massive sulfide deposits in the 
Appalachian region. 
type of ore deposit essentially limit the 
occurrence to the crystalline metamorphic rocks 
of the Blue Ridge and Piedmont provinces. 
Poorly known occurrences o f  disseminated copper 
have also been reported in gneissic rocks from 
these provinces. 

Low-grade copper resources, locally 
associated with uranium, are scattered through 
Upper Devonian and Carboniferous red beds in 
parts of the Valley and Ridge. Although the 
potential for any significant development 
seems smal 1, few areas have been adequately 
explored. 

throughout the Blue Ridge-Piedmont province of, 
the Appalachian region. 
occurrences is the Irish Creek prospect in 
Virginia. Relatively little modern prospecting 
has been attempted for tin in this area, but it 
is likely that tin deposits may occur in some of 
the RARE I 1  tracts with the same general geologic 
environment , such as tract 08042. 

Sheet mica, which is of strategic importance 
to the electronics industry, occurs in many of 
the metamorphic units of the Blue Ridge. 
many mica districts in the Appalachian region, 
the Spruce Pine district is the most important. 
Sheet mica has been produced from mines and 
prospects that occur within some of the RARE I1 
tracts in this area, and the certainty of occur- 
rence for additional deposits in the same general 
area is high. 

Residual concentrations of iron ores 

Present models for this 

Tin has long been known in small quantities 

One of the most prominent 

Of the 

The distribution o f  favorabilitylcertainty 
ratings is shown in Table 13. 

Table 13. Distribution of critical 
mineral ratings among tracts in 

the central Appalachians 

rating tracts (thousands) 
ORNL Number of Acres 

24 
7 
2 
6 

21 
4 
2 
6 

21 6 
83 
12 
25 
183 
26 
24 
41 

No favorability values of 1 have been 
assigned to tracts in the central Appalachians 
because the number of minerals is so great 
(45) that there is generally a minimum potential 
for at least one mineral in any tract. Ratings 
for central Appalachian tracts are graphically 
displayed in Fig. 17. 

2.4.7 Overall tract importance rating 

The overall ratings assigned by the team 
to each tract in the central Appalachians are 
listed in Table 9. 
overall importance rating greater than 3+, and 
only 22 of the 72 tracts were rated above the 
rating scale midpoint of 2+. The areal dis- 
tribution of tract importance as measured by 
the area of black within each circle is shown 
in Fig. 18. The distribution of overall 
importance rating by number of tracts and acre- 
age, respectively, is shown in Figs. 19 and 
20. 

No tract was assigned an 

In general, the most important tracts are 
evenly distributed throughout the three provinces 
(Fig. 18), but the resources that make the tracts 
important are different for each province 
(Sect. 2.5.). In contrast, about two-thirds of 
both numbers of tracts are acreage were assigned 
overall importance ratings of 1 and 2. 
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Fig. 17. Ratings of critical minerals in the central Appalachian thrust belt. 

The frequency distributions shown in 
Figs. 19 and 20 are skewed toward the low rank- 
ings, as might be expected for undisturbed por- 
tions o f  a developed region with a long history 
of resource production. However, it cannot be 
concl uded definitely that the undeveloped areas 
have no mineral resources. Exploration has 
bypassed these areas for more favorable areas 
el sewhere. As new resource-occurrence model s 
are proposed and accepted in the future, the 
favorability of these areas may increase 
significantly . 

2.5 Comparison of Results for the Two Regions 

The Idaho-Wyoming-Utah thrust belt 
includes 63 RARE I1 tracts comprising about 
3.1 million acres, whereas the central Appala- 
chians include 72 tracts comprising about 
610,000 acFes. Based on our ratings, RARE I1 
tracts in the Idaho-Wyoming-Utah thrust belt are 
much more important from a mineral- and energy- 
resource standpoint than are RARE I1 tracts in 
the central Appalachians. 

in the Idaho-Wyoming-Utah thrust belt, followed 
by the phosphate resources and associated 

Oil and gas are the most important resources 
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Fig. 18. Relative importance of 72 RARE. I1 t r a c t s  evaluated in the 
central Appalachian thrust  bel t .  
proportional to  the importance. 

The black portion of the c i r c l e  i s  

- uranium and metals in the Phosphoria Formation. 
Scattered and small occurrences of other 
c r i t i c a l  minerals such as gold, copper, lead, 
t a l c ,  asbestos, and antimony have increased the 
importance of some t r a c t s ,  b u t  in general, t h i s  
region i s  n o t  known f o r  i t s  metal production. 
Geothermal potential and coal reserves d i d  not 
r a i se  the importance of any t r a c t  appreciably, 
inasmuch as these resources a re  more abundant 
e l  sewhere. 

The central Appalachians considered i n  
t h i s  report include parts of three physiographic 

provinces tha t  largely correspond t o  structural  
provinces. 
the Appalachian Plateau province are  o i l ,  gas, 
and coal. 
the important c r i t i c a l  minerals are  zinc, lead, 
manganese, copper, and bar i te .  
of bauxite and phosphate rock have also been 
mined. 
resources are  copper, zinc,  and mica. 

The difference i n  the overall resource 
importance of the two regions (compare Figs .  9, 
10, and 11 w i t h  Figs .  18, 19, and 20) is  due 

The most important resources in 

In the Valley and Ridge province, 

Small amounts 

In the Blue Ridge, the most important 
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DECREASING * - INCREASING 
TRACT IMPORTANCE 

Fig. 19. Total number of t r a c t s  in each I 

importance category for  RARE I1 t r ac t s  evaluated 
in the central Appalachian thrust  bel t .  

largely t o  the h i g h  o i l  and gas favorabili ty 
of the Idaho-Wyoming-Utah thrust bel t .  High 
favorabi l i ty  fo r  o i l  and gas occurs uniformly 
over t h i s  region, whereas only the Appalachian 
Plateau in the central Appalachians has high 
favorabili ty fo r  o i l  and gas. 
the phosphate resources (including reserves) in 
the Idaho-Wyoming-Utah thrust  be l t  are  quite 
large from a national standpoint and are  exposed 
in many RARE I 1  t r ac t s .  
Idaho-Wyoming-Utah region qual i f ies  as roadless 
and i s  being considered by the RARE I1 process, 

Similarly, 

Because one-third o f  the 

3 

0 2  
0 
X 
v) 
W u u 4  

!06,784 
acres 

I 
0 

290,829 
acres 

2 

acres 1 3 4 

-INCREASING DECREASING - 
TRACT IMPORTANCE 

F i g .  20. Total acreage al lot ted t o  each 
importance category fo r  the RARE I1 t r ac t s  
evaluated in the central Appalachian thrust  bel ts  

i t  follows that  t r a c t s  within t h i s  region contain 
a large percentage of the total  resource poten- 
t i a l  of the region and must be considered quite 
important. In contrast ,  coal and zinc are 
perhaps the most important resources in the 
central Appalachians, b u t  because the t r ac t s  
are  small and scattered, i t  can be inferred 
that  only a small percentage of these resources 
occur in RARE I1 t r ac t s .  RARE I1 t r a c t s  in 
the central Appalachians thus must be con- 
sidered l e s s  important as a base fo r  future 
mineral -resource production. 
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3. EVALUATION OF THE METHOD 

3.1 Accuracy and R e l i a b i l i t y  

It i s  impossib le  t o  check t h e  accuracy o f  

a resource-assessment method w i t h o u t  extens ive 

e x p l o r a t i o n  and development. A t  best, t h e  
r e s u l t s  can be tes ted  on ly  f o r  reasonableness 
and, t o  a l i m i t e d  degree, f o r  r e l i a b i l i t y .  

by knowledgeable persons tha t ,  from t h e i r  
experience, the  method r e s u l t s  "make sense." We 
have made several presentat ions t o  resource 
exper ts  and have obta ined severa l  formal reviews 
Although each interchange brought us new data 
and understanding, our  bas ic  r a t i n g s  have n o t  
been chal lenged. 

o f  method r e s u l t s  under var ious s i t u a t i o n s .  
Thus, one can check f o r  r e p l i c a b l e  r a t i n g  d i s -  
t r i b u t i o n s  f o r  each resource when t h e  method i s  
a p p l i e d  t o  roughly  s i m i l a r  geolog ic  environ- 
ments, when t h e  method i s  a p p l i e d  by two d i f -  

f e r e n t  groups t o  t h e  same region,  o r  when t h e  
method i s  a p p l i e d  t o  a reg ion  t h a t  i s  assessed 
by other ,  independent methods. I n  add i t ion ,  i t  

i s  poss ib le  t o  check the  consis tency w i t h  which 

t h e  assessment team a p p l i e s  i t s  own dec is ion  
r u l e s  w i t h i n  a g iven reg ion.  

a b i l i t y  t o  conduct thorough r e l i a b i l i t y  checks 
f o r  a l l  o f  t h e  s i t u a t i o n s  above, and more work 
i n  t h i s  area i s  planned f o r  t h e  f u t u r e .  For 
instance, i t  was n o t  poss ib le  t o  have two d i f -  
f e r e n t  groups assess t h e  same region. Such a 
t e s t  would check one o f  t h e  bas ic  assumptions 
under ly ing  t h e  method, namely, t h a t  t h e  pro- 
cedure and the  i n t e r a c t i o n s  w i t h i n ,  the  assess- 
ment team cause a l l  p e r t i n e n t  resource models 
t o  be i d e n t i f i e d  and c o r r e c t l y  a p p l i e d  by t h e  

group. 

Local geolog ic  anomalies prec lude the  

s e l e c t i o n  o f  two reg ions hav ing completely 

i d e n t i c a l  geolog ic  environments f o r  s i g n i f i c a n t  
resources such as o i l  and gas. We were able t o  

s e l e c t  two reg ions w i t h  gross s t r u c t u r a l  

s i m i l a r i t i e s ,  however, t o  see i f  t h e  method 

Reasonableness i s  t h e  s u b j e c t i v e  judgement 

R e l i a b i l i t y  r e f e r s  t o  t h e  r e p l i c a b i l i t y  

Money and t ime c o n s t r a i n t s  l i m i t e d  our  

produced cons is ten t  r a t i n g s  f o r  those por t ions  
o f  t h e  reg ions having s i m i l a r  l o c a l  geolog ic  
environments. A s t a t i s t i c a l  ana lys is  o f  the  
r a t i n g s  i n  the  reg ions se lected showed t h a t  the  
d i s t r i b u t i o n  o f  r a t i n g  values f o r  o i l  and gas 
c o r r e l a t e d  c l o s e l y  w i t h  the  propor t ion  o f  each 
r e g i o n  hav ing s i m i l a r  geolog ic  environments 
( S c h e f f l e r  1979). 
t r a c t s  assigned f a v o r a b i l i t i e s  o f  4 a l l  occur 
on t h e  Appalachian Plateau, which conta ins a 
broad spectrum o f  the var ious types o f  reser -  
v o i r s  normal ly  associated w i t h  t h e  occurrence 
o f  o i l  and gas (Sect. 2.4.2). 

occur i n  a much grea ter  p ropor t ion  o f  the  
Idaho-Wyoming-Utah t r a c t s .  

A1 though r a t i n g s  by o ther  organizat ions were 
reviewed i n  our  assessment and there fore  may have 
in f luenced our  r e s u l t s  t o  a small  extent ,  we f e e l  
t h a t  i t  i s  use fu l  t o  compare these r a t i n g s .  The 
comparison i s  a p a r t i c u l a r l y  good way t o  show the  
s t rengths and weaknesses o f  the  var ious approaches 
t o  resource assessment. 
cussed i n  Sect. 3.2. 

by our  method, the  p o s s i b i l i t y  e x i s t s  t h a t  r a t i n g  
inconsis tenc ies among t r a c t s  can r e s u l t  from t h e  
method. To t e s t  i n t e r n a l  consistency, we analyzed 
our  o v e r a l l  importance r a t i n g s  s t a t i s t i c a l l y ,  
us ing  m u l t i p l e  l i n e a r  regression. Overa l l  r a t i n g  
(dependent v a r i a b l e )  was regressed aga ins t  acre- 
age, f a v o r a b i l i t y ,  and c e r t a i n t y  f o r  a l l  resources 
( m u l t i p l e  independent var iab les) .  Although 
a d d i t i o n a l  c r i t e r i a  such as the  s t r a t e g i c  impor- 
tance and supply o f  i n d i v i d u a l  resources o r  the  
proposed use o f  a t r a c t  as a t ransmiss ion cor-  
r i d o r  a r e  considered by t h e  team i n  ass ign ing the  
importance r a t i n g ,  the  f a c t o r s  above are  dominant 
and lend themselves t o  s t a t i s t i c a l  checks because 

they are  numerical e n t i t i e s .  For the  combined 

eastern-western t r a c t  populat ion,  R2 was 0.80. 
western t r a c t s  as a group were r a t e d  s l i g h t l y  
more c o n s i s t e n t l y  than the  eastern t r a c t s :  

0.88 f o r  t h e  west and 0.69 f o r  t h e  east. These 

r e s u l t s  show h i g h  l e v e l s  o f  consistency, con- 
s i d e r i n g  t h a t  a number o f  c r i t e r i a  were n o t  
brought i n t o  t h e  analys is .  

Nine o f  23 Appalachian 

S i m i l a r  cond i t ions  

The comparison i s  d i s -  

Because t r a c t s  a re  considered i n d i v i d u a l l y  

The 

R2 = 

39 
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To determine the e f f ec t  of additional 
c r i t e r i a ,  we investigated the 13 western t r a c t s  
i n  which the predicted r a t i n g  differed from the 
observed rating by more than one standard error .  
S i x  of these t r a c t s  were found t o  have proposed 
energy corridors,  four had gas pipelines,  and 
one had a hydro-project confl ic t .  The computer 
underrated f ive  of these t r a c t s .  A similar 
check of eastern t r a c t s  showed much the same 
thing. 
various t e s t s  performed and the resul ts .  

Scheffler (1979) has discussed the 

3.2 Comparisons with Other Rating Systems 

Comparisons of rating systems can be based 
on a t t r i bu te s  of the methods such as efficiency 
and cost ,  or they can be based on differences 
in output or on the accuracy of the output. 
The ultimate measure of accuracy i s  the actual 
volume of mineral resources i n  the ground. This 
volume, however, cannot be known unti l  an area 
i s  fu l ly  developed. Furthermore, minable volume 
i s  constantly changing: varying with current 
economics, available technology, demand, and SO 
forth.  
systems on the basis of accuracy. 
discussion compares the effectiveness of our 
method w i t h  other methods used o r  developed fo r  
the RARE I1 program and applied t o  the Idaho- 
Wyoming-Utah thrust  bel t  and t he i r  resul ts .  

T h e  USGS has now released open-file, 
mineral -resource assessments of RARE I I t r a c t s  
i n  Idaho (Leonard 1978), Wyoming (Pearson 
1978), and Utah (Bromfield 1978). An unpub- 
lished map of the o i l  and gas potential of the 
Idaho-Wyoming-Utah thrust  be l t  (Powers 1977; 
updated July 1978) a lso has been released. In 
the USGS assessments, a1 1 mineral resources, with 
the exception of coal,  o i l  and gas, and con- 
struction materials, were combined in a single 
map, and areas of h i g h ,  moderate, and low 
potential were identified.  A problem in inter-  
preting the USGS assessment i s  imnediately 
apparent. Except f o r  the separate o i l  and gas 
assessment map, the reader i s  unable t o  deter- 
mine which specif ic  minerals and geologic 
environments account f o r  the h i g h -  and 

Thus, i t  i s  impossible to  compare rating 
The following 

moderate-potential areas. More importantly, the 
decision maker i s  unable t o  distinguish between 
t r a c t s  of equal favorabi l i ty ,  even though the 
minerals believed to  occur in one t r a c t  may be 
more c r i t i c a l  o r  s t r a t eg ic  and f a r  l e s s  abundant 
than such minerals in another t r a c t .  

Other d i f f i c u l t i e s  with the open-file docu- 
ments a re  apparent inconsistencies among evalua- 
tors  i n  assigning the three resource-potential 
categories and the unavailabil i ty of su f f i c i en t  
data to  support the ratings shown on the maps. 
For example, t r a c t  04613 ( the Palisades) l i e s  i n  
Idaho and Wyoming. The mineral-resource- 
potential ra t ings,  compiled by Leonard (1978) fo r  
Idaho and by Pearson (1978) f o r  Wyoming, however, 
show tha t  areas of high and low potential along 
the s t a t e  boundary i n  Idaho adjoin areas of low 
potential i n  Wyoming. 
potential in Idaho abruptly ends a t  the Wyoming 
s t a t e  l ine.  Because the s t ructural  trend of the 
t r a c t  i s  northwest, i t  i s  unlikely that  the north- 
trending resource-potential boundary was agreed 
upon by both authors. I t  i s  much more l ikely that  
the boundary r e f l ec t s  a fundamental difference 
in what each author considers important from a 
mineral -resource standpoint. This disagreement 
would be quite bewildering to  the decision maker 
who does not grasp the complexities of mineral- 
resource assessment. Unfortunately, a basic 
disagreement among resource spec ia l i s t s  can r e su l t  
in a loss of confidence by both the decision 
makers and the public in the assessment method 
used by USGS fo r  t h i s  study. An approach that  
ident i f ied conceptual differences and forced the i r  
resolution would be more desirable than the 
independent-eval ua to r  approach used by the USGS 
in these 1978 open-file documents. 

A d i rec t  comparison of the resul ts  of the 
USGS and ORNL assessments fo r  mineral resources 
i s  not especially useful because we assigned a 
single favorabili ty rating t o  each t r a c t  and the 
USGS mapped favorabil i t y  without regard t o  t r a c t  
boundaries. 
resource overlay maps can be compared with the 
USGS rating maps to  determine w h a t  minerals or 
rock units the USGS deemed important. There i s  
good correlation between areas with outcrops of 

Thus, a broad band of high 

However , to  some extent , our mineral - 

8 
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Forest Yes 30 t r a c t s  24 t r a c t s  2 t r a c t s  
Serv i ce  
Ra t ings  NO 1 t r a c t  5 t r a c t s  1 t r a c t  

t he  Phosporia Formation on our maps and high- 

Po ten t i a l  areas on the  USGS maps. For o ther  
areas, however, we can on ly  speculate on the 
minerals o r  rock u n i t s  used by the  USGS. t o  
determine areas o f  h igh- and moderate-mineral- 

resource p o t e n t i a l .  I n  cont ras t ,  we have map- 
ped favorab le  geology f o r  a few t r a c t s  

considered t o  be unimportant by the  USGS. Our 
h igh  o i l  and gas ra t i ngs  compare very c lose ly  
w i t h  USGS ra t i ngs ,  except f o r  th ree  t r a c t s  
along the  west s ide  o f  the t h r u s t  b e l t  t h a t  
were r a t e d  low by the  USGS. 

t a i n t y  r a t i n g s  o f  1 t o  these th ree  t r a c t s .  
A comparison o f  the  o v e r a l l  importance 

r a t i n g  f o r  the  63 RARE I 1  t r a c t s  i s  shown i n  
Fig. 21, based on r a t i n g  systems developed 
separately by ORNL, DOE, and the  Forest  Service. 
I n  general,  each r a t i n g  system c l e a r l y  shows 
the  h igh  importance of energy- and minera l -  
resource p o t e n t i a l  on RARE I 1  t r a c t s  i n  the 
Idaho-Wyoming-Utah t h r u s t  b e l t .  Inasmuch as - 
the basic geologic data ava i l ab le  t o  each 
r a t i n g  group were the  same, s i m i l a r  aggregate 
r e s u l t s  are n o t  su rp r i s ing .  However, some 
d i f f e rences  are  apparent because the  methods 
used t o  determine the  o v e r a l l  t r a c t  importance 
d i f f e r e d  f o r  each r a t i n g  system. The Forest  
Service presented i t s  energy- and mineral-  
resource data i n  a yes/no format and d i d  n o t  

assign o v e r a l l  importance r a t i n g s  t o  i n d i v i d u a l  

t r a c t s .  

data supp l ied  t o  the Fores t  Service were pre- 
pared by bo th  federa l  agencies and indus t ry .  
I n  present ing these data, the  Forest  Service 
used a "yes" t o  i n d i c a t e  t h a t  the  resource was 
present i n  the t r a c t  o r  t h a t  the  t r a c t  had a 
h igh  p o t e n t i a l  t o  conta in  the  resource. As i n  
the  case o f  the  USGS and DOE assessments, the 
Forest  Service, except i n  a few cases, d i d  n o t  
support i t s  r a t i n g s  w i t h  backup data; thus the  
reader has no way o f  determining the basis o f  
the  yes/no statement. 

resource data were supp l ied  t o  the  Forest  

Service by the USGS, and y e t  10 o f  the 63 
t r a c t s  t h a t  were considered by the  USGS t o  have 
a h igh  p o t e n t i a l  f o r  c r i t i c a l  minerals were 

We assigned cer-  

Many o f  the  energy- and mineral-  resource 

For example, mineral-  

56 t r a c t s  

7 t r a c t s  

~~~~~t Yes I 

Serv i ce  
Ra t ings  No 

ORNL Ratings 

4 3 2 1 

15 t r a c t s  16 t r a c t s  17 t r a c t s  8 t r a c t s  56 t r a c t s  

1 t r a c t  6 t r a c t s  7 t r a c t s  

4 

3 
DOE 

Ratings 

1 

ORNL Ratings 

a 3 2 1 

15 t r a c t s  13 t r a c t s  I 2 t r a c t s  I 30 t r a c t s  

2 t r a c t s  1 15 t r a c t s  1 8 t r a c t s  25 tracts 

1 t r a c t  1 t r a c t  1 5 t r a c t s -  7 t r i c t s  

1 1 t r a c t  I t r a c t  

F ig.  21. Comparison o f  evaluat ions pre- 
pared by ORNL, the  Forest  Service, and DOE f o r  
63 RARE- I1  t r a c t s  i n  the  Idaho-Wyoming-Utah 
t h r u s t  b e l t .  

assigned a "no" by the  Forest  Service ( t r a c t s  
04103, 04111 , 04612, 04616, 04162, 04168, 
04167, 04178, 04154, and 04758 i n  Idaho). 
Combined, these t r a c t s  t o t a l  334,000 acres. 

Moreover, seven t r a c t s  t o t a l i n g  191,000 acres 
t h a t  the  USGS d i d  n o t  consider t o  have a high- 
mineral  -resource p o t e n t i a l  were assigned a 
"yes" by the  Forest  Service ( t r a c t s  04116, 
04179, 04758 i n  Utah and t r a c t s  04755, 04759, 
04762, and 04764; t r a c t  04179 had a small p a r t  
designated as h igh  p o t e n t i a l  by the  USGS). I n  

a l l ,  the Fores t  Service disagreed w i t h  17 t r a c t  
assessments prepared by the USGS, which i s  27% 
o f  the  t o t a l  t r a c t s  i n  the Idaho-Wyoming-Utah 

t h r u s t  b e l t .  
was o f f e r e d  by the Fores t  Service i n  t h e i r  DES. 

For purposes o f  comparison, we have a r b i -  

t r a r i l y  assigned an importance o f  "4" t o  t r a c t s  

w i t h  a "yes" f o r  any commodity and an importance 

of "1" t o  t r a c t s  t h a t  had a "no" f o r  a l l  com- 
modit ies.  For t h i s  reason, the Forest  Service 

o v e r a l l  t r a c t  importance r a t i n g s  are  somewhat 

No explanat ion o f  t h i s  discrepancy 
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h igher  than the  DOE and ORNL r a t i n g s  i n  
Fig.  21 and thus are n o t  s t r i c t l y  comparable 
t o  them except i n  a very  general manner. 

The DOE assessed o i l  and gas, uranium, 
coal ,  and hydro p o t e n t i a l  f o r  each t r a c t  on a 
sca le  o f  1 t o  4. C r i t i c a l  m inera ls  were n o t  
evaluated. A l l  t r a c t s  were then assigned an 
o v e r a l l  r a t i n g ,  which was simply the  h ighes t  
i n d i v i d u a l  resource r a t i n g .  As a r e s u l t ,  DOE 
t ract- importance r a t i n g s  are  genera l l y  higher 
than ORNL r a t i n g s .  I n  f a c t ,  DOE considers 
55 o f  the  63 t r a c t s  t o  be e i t h e r  "very important"  
(4)  o r  " important"  (3) .  I n  cont ras t ,  ORNL 

assigned on ly  31 o f  the  63 t r a c t s  an importance 
r a t i n g  o f  3 and 4. 
b e t t e r  d i sc r im ina t i on  between t r a c t s  and r e s u l t s  
i n  a wider spread o f  o v e r a l l  importance ra t i ngs .  

t he  o i l  and gas assessment, r e l y  heav i l y  on 
inputs  by the  USGS and the  Rocky Mountain 
Assoc ia t ion  o f  Petroleum Geologists (RMOGA 1978). 
Although we agree w i t h  the  assessments by 
indus t ry ,  t he  USGS, and DOE t h a t  t he  t h r u s t  
b e l t  i s  q u i t e  favorab le  f o r  o i l  and gas, we 

be l i eve  t h a t  t r a c t  d i s t i n c t i o n s  can be made 
t h a t  a re  based on the  c e r t a i n t y  o f  resource 
occurrence, which decreases t o  the  west. 
example, i n d i v i d u a l  t r a c t  est imates f o r  o i l  
and gas were compiled by RMOGA from data 
gathered by numerous companies, which were 
then forwarded t o  DOE and the  Forest  Service. 
We evaluated these data by grouping the  t r a c t s  
according t o  major t h r u s t  b e l t  and p l o t t i n g  
var ious gas-to-oi l - to-acreage re la t i onsh ips  
(Figs.  22 and 23). The r e s u l t s  show c l e a r l y  

t h a t  a l l  t r a c t s  w i t h i n  the  westernmost t h r u s t  

p l a t e  (Bannock t h r u s t )  were assigned a f i x e d  
value f o r  o i l  o f  about 600 bb l /acre  and a f i x e d  
value o f  gas o f  about 6 m i l l i o n  cubic f e e t  per 

acre. Because o i l  and gas estimates f o r  t r a c t s  i 
the  more e a s t e r l y  t h r u s t  p l a t e  show considerable 
sca t te r  when p lo t ted ,  we conclude t h a t  RMOGA 
was much less  conf ident  about t h e i r  own est i :  
mates f o r  the  western t r a c t s ,  which i s  t o  be 
expected because exp lo ra t i on  has bare ly  begun , 
even i n  the eastern p a r t  o f  the  t h r u s t  b e l t .  

The ORNL approach al lows 

Resul ts o f  the  DOE assessment, espec ia l l y  

For 

BARRELS OF OIL PER llAC1 

Fig .  22. Rocky Mountain O i l  and Gas 
Assoc ia t ion  (RMOGA 1978) est imates o f . o i l  and 
gas per  t r a c t  i n  the Idaho-Wyoming-Utah t h r u s t  
b e l t .  T rac ts  a re  separated according t o  major 
t h r u s t  sheet (see Fig.  3) .  
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Fig.  23. Rocky Mountain O i l  and Gas 
Assoc ia t ion  (RMOGA 1978) est imates o f  o i l  and 
gas per  acre i n  the  Idaho-Wyoming-Utah t h r u s t  
b e l t .  
t h r u s t  sheet (see F ig .  3) .  

T rac ts  a re  separated according t o  major 

The Fores t  Service, as we l l  as dec is ion  makers and 
the pub l ic ,  however, should understand t h a t  the  
certainty of oiZ and gas occurrence f o r  t he  
western t r a c t s  o f  the Idaho-Wyoming-Utah t h r u s t  
b e l t  i s  very low, even though a l l  assessments 
agree t h a t  the environment f o r  t h e i r  occurrence 

i s  equa l ly  favorable.  
F i n a l l y ,  a rapid-assessment method developed 

by the  USGS (Singer 1978) i n  Alaska deserves men- 

t i o n .  This method i s  a lead ing  example o f  
methodological development going on i n  the  area of 
r a p i d  resource assessment. 
depos i t  "types" f o r  we l l -exp lo red  deposi ts s i m i l a r  
t o  incompletely explored and undiscovered deposi t s  

in 

I n  t h i s  approach, 

. 

w 

L 
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i n  Alaska are  charac ter ized  by physical ,  
chemical, and minera log ica l  fea tures  and 
associated rock types. 
models o f  tonnages and average grades are  con- 
s t ruc ted  f o r  each depos i t  type. 
ab le  areas f o r  the  occurrence o f  mineral  
deposi ts a re  p l o t t e d  on 1:1,000,000 sca le  maps. 
The A1 as kan group's concept o f  favorab i  1 i ty 

i s  s i m i l a r  t o  our own, b u t  no r a t i n g s  are  
assigned t o  areas. 
deposi ts 1 i ke ly  t o  occur w i t h i n  the favorable 
area i s  sub jec t i ve l y  est imated and presented 
i n  a p r o b a b i l i s t i c  form t o  show the  degree o f  
c e r t a i n t y  he ld  by the  i nves t i ga to r .  F i n a l l y ,  
both the  t o t a l  grade and tonnage are de ter -  
mined by app ly ing  the  est imated number o f  
deposi ts t o  the  resource models. 

Log normal d i s t r i b u t i o n  

Next, favor -  

Instead, the  number o f  

I n  general,  

t h i s  method i s  n o t  app l i cab le  t o  r e l a t i v e l y  
small areas because the q u a n t i t a t i v e  estimates 
a re  un re l i ab le .  I n  add i t ion ,  i f  grade and 
tonnage numbers are  estimated f o r  an area, 
dec is ion  makers may tend t o  ignore the  f a c t  
t h a t  these numbers are  onZy,resource estimates 
and n o t  reserves, as seems t o  be the  case w i t h  
the  RMOGA data. 

I n  conclusion, most mineral-resource- 
r a t i n g  systems used i n  the RARE I 1  program 
prov ide  no data t o  support the  ra t i ngs ,  do n o t  
d i sc r im ina te  between many areas w i t h  s i m i l a r  
p o t e n t i a l  o r  f a v o r a b i l i t y ,  and -above a l l  - 
i n s p i r e  l i t t l e  confidence by the pub l i c  i n  the  
decision-making process. The ORNL r a t i n g  
system has been developed i n  an attempt t o  
overcome these inadequacies. 





4. SUMMARY AND CONCLUSIONS 

. 

Th is  r e p o r t  descr ibes a r a p i d  resource- 
assessment method and i t s  a p p l i c a t i o n  i n  r a t i n g  
t h e  energy- and mineral-resource p o t e n t i a l  o f  
63 RARE I 1  t r a c t s  i n  the  con t rove rs ia l  Idaho- 
Wyoming-Utah t h r u s t  b e l t  and 72 RARE I 1  t r a c t s  
i n  the  c e n t r a l  Appalachian t h r u s t  b e l t .  

The assessment method i s  a h o l i s t i c  group 
approach i n  which a team o f  exper ts  i n t e r p r e t s  
e x i s t i n g  data t o  produce sub jec t i ve  resource 
r a t i n g s  f o r  each t r a c t .  
and personal knowledge o f  t he  team and o f  i t s  
i n v i t e d  exper ts  a re  used t o  (1 )  adopt appro- 
p r i a t e  resource-occurrence models, ( 2 )  i n t e r p r e t  
and supplement a v a i l a b l e  data, (3 )  ex t rapo la te  
a v a i l a b l e  data t o  t r a c t s  be ing evaluated, and 
(4) r a t e  the  resource p o t e n t i a l  o f  t h e  t r a c t s .  
I n d i v i d u a l  resources a re  assigned unique dual 
ra t i ngs ,  which i n d i c a t e  both the f a v o r a b i l i t y  
o f  t he  geologic  environment o f  a given t r a c t  
f o r  a s p e c i f i c  resource category and the degree 
o f  c e r t a i n t y  t h a t  the resource i s  a c t u a l l y  

present  on t h e  t r a c t  being evaluated. 

importance r a t i n g s  a re  synthesized from the 
dual r a t i n g s  o f  i n d i v i d u a l  resource categor ies 
according t o  a s e t  o f  predetermined c r i t e r i a .  
I n  the  a p p l i c a t i o n  discussed, the  dominant 
c r i t e r i a  i n  the assignment o f  o v e r a l l  r a t i n g s  
inc luded (1 ) t he  presence o f  s t r a t e g i c  resources 
such as o i l  and gas and uranium o r  c r i t i c a l  
minera ls  such as chromium, cobal t ,  manganese, 
plat inum, and t i n ;  ( 2 )  t he  r e l a t i o n  o f  t r a c t  
resources t o  o v e r a l l  na t i ona l  suppl ies;  (3 )  t he  
f a v o r a b i l i t y / c e r t a i n t y  r a t i n g ;  ( 4 )  the s i z e  o f  
a t r a c t ;  and ( 5 )  proposed o r  planned uses o f  
a t r a c t  such as t ransmission c o r r i d o r s  o r  
hydro log ic  p ro jec ts .  

The method adopted g ives the  f o l l o w i n g  

advantages over o the r  assessment procedures 

commonly employed i n  r a p i d  resource assessment. 

dec i s ion  maker a d d i t i o n a l  i n fo rma t ion  f o r  making 

d i f f i c u l t  t r ade -o f f  dec is ions between t r a c t s .  

2 .  The o v e r a l l  importance r a t i n g  gives the 

The c o l l e c t i v e  judgment 

I n  a d d i t i o n  t o  the  dual ra t i ngs ,  o v e r a l l  

1. The dua l - ra t i ng  system g ives the 

dec i s ion  maker a means o f  i d e n t i f y i n g  t h a t  

subset o f  t r a c t s  having the h ighest  o v e r a l l  
resource importance when such th ings  as supply 
and s t r a t e g i c  value are considered. 

centered on s t rong team in te rac t i on ,  r e s u l t s  i n  

greater  e f f i c i e n c y  and output  consistency. 

incorporated i n t o  the r a t i n g  process. 

environment and a l lows a l l  t r a c t s  t o  be assessed. 
Cer ta in t y  i nd i ca tes  the  amount o f  support ing data 
a v a i l a b l e  t o  the s p e c i a l i s t  i n  making an 
assessment. 

6. 
i n d i v i d u a l  resources a l l ow  t r a c t s  t o  be sub- 
d i v i d e d  f o r  d i f f e r e n t  uses, which g ives t h e  
dec i s ion  maker another op t i on  i n  t rade -o f f  
de l i be ra t i ons  . 

subsequent review o f  the r a t i n g  process. 

t h a t  have broad s t r u c t u r a l  s i m i l a r i t i e s  b u t  d i s -  
t i n c t i v e  l o c a l  geologic environments tested the 
o r i g i n a l  design concepts and demonstrated the  
advantages l i s t e d  above. However, several weak- 
nesses a l s o  were revealed: 

3. The systemat ic procedure, which i s  

4. The personal knowledge o f  experts i s  

5. F a v o r a b i l i t y  i s  based on the  geologic 

Overlays t h a t  show favorable areas f o r  

7. The assessment form documents and a l lows 

App l i ca t i on  o f  the method t o  two regions 

1. Assignment o f  a s i n g l e  f a v o r a b i l i t y /  
c e r t a i n t y  r a t i n g  t o  the long l i s t  o f  c r i t i c a l  
minerals considered i n  the assessment proved t o  
be d i f f i c u l t .  A f u t u r e  mod i f i ca t i on  o f  the 
method w i l l  organize c r i t i c a l  minerals i n t o  th ree  
o r  f o u r  l o g i c a l  groups t h a t  conta in  minerals 
l i k e l y  t o  occur together,  such as base metals 
o r  c e r t a i n  f e r r o - a l l o y  metals. 
then be assigned a separate f a v o r a b i l i t y l c e r t a i n t y  
r a t i n g .  

e n t r i e s  on the  assessment form proved t o  be 

somewhat redundant. The format w i l l  be modi f ied 

i n  f u t u r e  app l i ca t i ons  u n t i l  a more optimum 

arrangement i s  found. 
We experienced d i f f i c u l t y  i n  exp la in ing  

the concepts o f  f a v o r a b i l i t y  and c e r t a i n t y  t o  
i n d i v i d u a l s  unfami 1 i a r  w i t h  resource-development 
concepts. Unless we can improve our d e f i n i t i o n s  

Each group w i l l  

2. The in format ion contained i n  the var ious 

3 .  

45 
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of favorability and certainty further, our 
communication with some people may be limited 
to the overall-importance rating, to which 
everyone seems to be able to relate. 

makers would ask for grade-tonnage estimates 
from a resource assessment because, trans- 
formed into economic terms, such estimates 
offer a single criterion for decision making. 
However, no assessment method can produce 
accurate grade-tonnage estimates for small, 
relatively unexplored, and undeveloped tracts, 
and one must resort to various indications of 
favorability or potential. Such favorability 

4. Given their preference, decision 

estimates are supported by whatever resource- 
occurrence data are available. 

Traditional wilderness studies that have 
programs of field-data collection intended to 
produce new data should provide better esti- 
mates than methods that rely on existing data. 
However, time limitations and the need to 
assess large acreages preclude the use of 
traditional assessment procedures in many land- 
use decisions. 
competition for lands with high-resource 
potential, our method presents a needed assess- 
ment tool. 

In light of this and the serious 
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. APPENDIX I 

Design C r i t e r i a  . 

. 

The f o l l o w i n g  c r i t e r i a  have guided t h e  

1. 
implementation o f  t h e  assessment method: 

p r i n c i p l e s  governing small  group i n t e r a c t i o n .  
Those f a c t o r s  inducing f e e l i n g s  o f  t r u s t ,  recog- 
n i t i o n ,  and involvement should be incorporated 
i n t o  the  design, and those f a c t o r s  encouraging 
c o n f l i c t ,  i s o l a t i o n ,  and nonsharing should be 
e l iminated.  P a r t i c u l a r  i n t e r a c t i o n  goals 
inc lude:  

The method should be based on recognized 

1. 

2 .  

3. 

4. 

5. 

.. 6 .  

7. 

making each member f e e l  essent ia l  t o  the  
success o f  t h e  team, 

f o s t e r i n g  a sense o f  group u n i t y  and 
l o y a l t y ,  

c r e a t i n g  a ser ies  o f  r e a l i s t i c ,  l i m i t e d ,  
shor t - term ob jec t ives  t h a t  can be achieved, 

mai n t a i n i n g  t h e  bes t  poss ib le  
communications, 

working i n t e n s e l y  as a group f o r  s h o r t  
per iods , 
look ing  f o r  e a r l y  s igns o f  c o n f l i c t  o r  
withdrawal and i d e n t i f y i n g  and r e s o l v i n g  
the  associated problem q u i c k l y  and 
c o l l e c t i v e l y ,  and 

c r e a t i n g  an atmosphere i n  which i n d i v i d u a l  
d i f fe rences  o f  op in ion  a r e  accepted and 
t h e  r i g h t  t o  such opin ions i s  protected;  
a s t rong i n d i v i d u a l  i s  n o t  al lowed t o  
dominate t h e  group dur ing  consensus 
format ion.  

2 .  The method should be b a s i c a l l y  a sub- 
j e c t i v e  eva lua t ion  t h a t  represents a team con- 
sensus. The r a t i n g s  der ived  f rom t h i s  process 
should i n t e g r a t e  a l l  a v a i l a b l e  t r a c t  in fo rmat ion  
and should conform t o  c r i t e r i a  es tab l i shed by 
the  team i n  advance o f  t h e  exercise. 

3. Each t r a c t  assessment ( r a t i n g )  should 
be documented and j u s t i f i e d  on an eva lua t ion  
form and should l i s t  suppor t ing in fo rmat ion  
such as references t o  publ ished documents, 
personal experience, and i n t e r p r e t a t i o n s  o f  team 
members. 

4. A l l  data except those t h a t  a r e  p ropr ie -  
t a r y  o r  t h a t  p e r t a i n  t o  na t iona l  s e c u r i t y  should 

be used. 
5. 

be used t o  check the  r a t i n g  dec is ion.  

should be i n t e r p r e t e d  from reg iona l  f a v o r a b i l i t y  
and adjusted by t r a c t  geology and occurrence data 
t h a t  i s  ex t rapo la ted  t o  the  t r a c t .  

A second r a t i n g  t h a t  r e f l e c t s  the  cer-  
t a i n t y  o f  resource occurrence should be created. 
C e r t a i n t y  i s  thus t h e  d i r e c t  evidence (data)  o f  
t h e  actual  presence o f  the  resource i n  the  t r a c t  
o r  data t h a t  can be ex t rapo la ted  t o  the  t r a c t  
through cons idera t ion  o f  l o c a l  geology. 

c rea ted  f o r  each t r a c t .  

When ava i lab le ,  o ther  r a t i n g s  should 

The f a v o r a b i l i t y  r a t i n g  o f  a t r a c t  6 .  

7. 

8. An o v e r a l l  importance r a t i n g  should be 

The method t h a t  has evolved i n  response t o  these 
goals  i s  described i n  Appendix 11. 

. 
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APPENDIX I1 

Method Procedure 

c 

. 

. 
. 

The fo l l ow ing  sequence o f  steps c o n s t i t u t e  

It has been mod i f ied  t o  r e f l e c t  
the  procedure developed from the  design c r i t e r i a  
i n  Appendix I. 
the  experience gained i n  two app l ica t ions .  

people i s  selected t o  manage the  assessment. To 
ensure con t inu i t y ,  the  same team i s  made respon- 
s i b l e  f o r  each step o f  the  procedure. Team 
members a re  selected f o r  t h e i r  a b i l i t y  t o  work 
w i t h i n  a group and f o r  t h e i r  exper t i se .  
two members o f  the  team should have broad 
experience i n  resource eva lua t ion .  
member handles admin i s t ra t i ve  func t ions  and 
documents the  dec is ion  process. 

The f i r s t  few weeks o f  an assessment are spent 
on data c o l l e c t i o n ,  the f i r s t  days on a survey 
o f  ava i l ab le  data. 

l i b r a r y  and b ib l i og raph ic  searches and contacts 
w i t h  knowledgeable i nd i v idua ls .  A reference l i s t  
i s  compiled, and repor ts  a re  ordered. Over- 
l ays  showing occurrence data are prepared f o r  
each resource along w i t h  an over lay  o f  gross 
geologic features.  As repo r t s  a r r i v e ,  p e r t i -  
nent in fo rmat ion  i s  added t o  the  over lay  maps. 
We have found t h a t  a scale o f  1:500,000 i s  most 
appropr ia te  f o r  l a rge  regions. An assessment 
form i s  prepared f o r  each t r a c t ,  and the t r a c t  
desc r ip t i on  i s  entered. 
period, experts f a m i l i a r  w i t h  the  reg ion  and 
the commodities being evaluated are  identi f ied., 
Several o f  these ind i v idua ls  a re  i n v i t e d  t o  
p a r t i c i p a t e  i n  upcoming data-synthesis and 
resource- ra t ing  sessions. The da ta -co l l ec t i on  
per iod  requ i res  a minimum o f  th ree  t o  fou r  
weeks. 

two-day work session i s  conducted i n  which 
the  team and the i n v i t e d  experts determine and 

de l ineate  favorable areas f o r  each resource on 
a ser ies  o f  over lays.  

i n tens i ve  session i s  t o  synthesize the  personal 

knowledge o f  i n v i t e d  exper ts  and the in fo rmat ion  

1. Team Formation. A core team o f  th ree  

A t  l e a s t  

The t h i r d  

2. Data Co l l ec t i on  and Transformation. 

This survey cons is ts  o f  

Also dur ing  t h i s  

3. Data Synthesis and I l l u s t r a t i o n .  A 

The purpose o f  t h i s  

gathered by the  team. 
land p o i n t  source data are recorded on the  
over lays,  and desc r ip t i ve  in fo rmat ion  i s  added 
t o  the  assessment forms. 
a f t e r  data synthesis, the team prepares f o r  the  
r a t i n g  session; questions ra i sed  i n  the synthesis 
session are  resolved, missing data are co l l ec ted ,  
and models o f  resource accumulation are  expanded. 

4. Rating. A two- t o  three-day r a t i n g  
session is. conducted by the core team and by the  
i n v i t e d  experts a t  the  p o i n t  i n  the  session 
where t h e i r  s p e c i a l i t y  i s  discussed. 
experts who do n o t  p a r t i c i p a t e  i n  the  synthesis 
session are  suppl ied the  ma te r ia l s  created dur- 
i n g  step 3. 

A mental p i c t u r e  o f  a r a t i n g  session would 
be h e l p f u l .  

invo lved i n  the  r a t i n g  process a t  any t ime. They 
work around a tab le  f u l l  o f  maps, over lays,  notes, 
and publ ished documents and have a degree o f  
i s o l a t i o n  t o  avo id  i n te r rup t i ons .  They move from 
t r a c t  t o  t r a c t  r a p i d l y  and avo id  l e n g t h l y  d i ve r -  
s ions i n  conceptual matters.  I f  conceptual d i f -  
ferences o r  questions o f  procedure cannot be 

resolved adequately i n  a reasonable time, the  
r a t i n g  session i s  discont inued u n t i l  a l a t e r  
date. 

Once a l l  t r a c t s  have been ra ted  f o r  a given 
resource, the  r e s u l t i n g  pa t te rn  i s  reviewed, and 
a number o f  small adjustments a re  made. Such 
i t e r a t i o n  improves the  consistency and accuracy 
o f  the  t o t a l  r a t i n g  se t  because a b e t t e r  under- 
standing o f  the  reg ion  and o f  i t s  resource 
pa t te rns  evolves i n  the course o f  r a t i n g ,  which 
can be used t o  ad jus t  i nd i v idua l  ra t i ngs .  

por t ions  o f  a reg ion  f o r  special  considerat ion,  

as i n  the case o f  exp lo ra t i on  planning o r  w i l de r -  
ness designat ion,  i t  i s  use fu l  t o  supply the 

dec is ion  maker w i t h  a r a t i n g  o f  ove ra l l  t r a c t  

importance, which al lows him t o  i d e n t i f y  t r a c t s  
w i t h  the  h ighes t  resource value. 
o v e r a l l  importance ra t i ng ,  the  dec is ion  maker i s  

During the session, a rea l  

During the few days 

I n v i t e d  

F ive  people are l i k e l y  t o  be 

I f  i t  i s  necessary t o  se lec t  one o r  more 

Using t h i s  
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i n  an exce l l en t  p o s i t i o n  t o  compare resource 
values aga ins t  o ther  uses i n  reaching a f i n a l  
se lec t ion .  
f o r  determining o v e r a l l  t r a c t  importance, the  
team assigns an importance r a t i n g  t o  each 
t r a c t .  We have found t h a t  i t  i s  poss ib le  f o r  
the  team t o  d i f f e r e n t i a t e  each o f  4 l eve l s  
i n t o  p o s i t i v e  (+) and negat ive  ( -1  categor ies.  
For example, a very valuable t r a c t  can be 
r a t e d  4-, 4, o r  4+. 
v idua l  resource r a t i n g ,  a r a p i d  review o f  the  

t o t a l  importance-rat ing p a t t e r n  a1 lows the  

A f t e r  agreeing on a s e t  o f  c r i t e r i a  

As i n  the  case o f  i n d i -  

team t o  make small  changes and thereby improve 

the  t o t a l  s e t  and ensure consistency. 
5. Documentation. The pr imary method o f  

documentation i s  the assessment form. The form 
i s  completed as the  process proceeds and i s  
e s s e n t i a l l y  f i n i s h e d  a f t e r  the  r a t i n g  session. 
A b r i e f  r e p o r t  accompanying the  t r a c t  assess- 
ment forms describes the  process, t he  assump- 
t i o n s  and c r i t e r i a  used, and the  s i g n i f i c a n c e  
o f  the  f i n a l  r a t i n g  pa t te rns .  Sect ion 2, 
RARE I1 Appl ica t ions ,  i l l u s t r a t e s  the  type o f  
i n fo rma t ion  found i n  such a repo r t .  

3 

. 
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ENERGY AND MINERAL RESOURCE EVALUATION - RARE I 1  TRACTS 

. 
TRACT NO: 04102 TRACT NAME: Gros Ventre ECOREG: 3/12 WAR: 24 

NATIONAL FOREST: Br idger-Teton 

ACREAGE (GROSS): 435,320 ACREAGE (NET): 432,600 100 N/G: 99 LATITUDE: 43"25' LONGITUDE: l lO"25 '  

STATE/COUNTY: Wyoming, Teton/Sublet te  

INDIVIDUAL TRACT 
RESOURCE RATINGS 

OIL AND GAS 

URANIUM 

COAL 

GEOTHERMAL 

CRITICAL MINERALS 

OVERALL RATING 
(WEIGHTED) 

- ORNL E 
4/4 4 

3/ 1 1 

4/4 1 

3/2 1 

4/4 4 

4+ 

NAMES OF CRITICAL MINERALS PRESENT: 

- DOE REMARKS 
S t r a t i g r a p h i c  and s t r u c t u r a l  t raps  com- 
pounded by t h r u s t i n g ;  s i m i l a r  t o  Canadian 
Rockies F o o t h i l l s  B e l t  

4 

2 SS-type deposi ts;  SE p a r t  o f  t r a c t  

1 Shafts; subbituminous 

4 

P(U, V,  F, Zn, Cd, C r )  

COMMENTARY AND SUMMARY: 
Piney Gas Area i s  l oca ted  i n  the  c e n t r a l  p a r t  o f  the Footwall  B e l t .  Numerous smal ler  o i l  and/or gas 
f i e l d s  a l s o  occur along near l y  the  e n t i r e  l eng th  o f  the b e l t  and inc lude  a recen t  major gas d iscovery 
i n  Teton County i n  a roaded s a l i e n t  extending deep i n t o  Rare I 1  t r a c t  4102. Over 200 m i l l i o n  b a r r e l s  
o f  o i l  and n e a r l y  15 t r i l l i o n  cubic  f e e t  o f  gas have been est imated by the Rocky.Mountain O i l  and 
Gas Assoc ia t i on  f o r  Rare I 1  t r a c t s  i n  t h i s  b e l t .  
t he  r e g i o n ' s  l a r g e  phosphate resources. 

P a r t  o f  t he  l a r g e  La Barge hydrocarbon complex w i t h  the  associated Greater B ig  

The Permian Phosphoria Formation conta ins p a r t  o f  

GEOLOGY: 
t h e  Moxa Arch and i t s  northward p r o j e c t i o n ) .  
n o r t h  where t h e  Gros Ventre, West Slope o f  t he  Tetons, and severa l  smal ler  s a t e l l i t e  Rare II t r a c t s  
c o n t a i n  the  e n t i r e  reg iona l  s t r a t i g r a p h i c  sequence from Precambrian through Cenzoic. 

Footwal l  B e l t  o f  t he  Jackson-Prospect-Darby f a u l t  system (extends eastward t o  the c r e s t  o f  
Surface rocks a re  l a r g e l y  T e r t i a r y  i n  age, except i n  the  

REFERENCE/CITATION: USFS, 1978, RARE I 1  DES, ID ,  UT, and WY Suppls.; DOE, 1978, Energy Res. Assessments 
of RARE I 1  Lands; DOE, 1978, Energy Res. Assessments, o f  Ten Alternatives-RARE I 1  Lands; Powers, 1977, 
WGA Gdbk 29; Blackstone, 1978, Tectonic  Map o f  t he  Over thrust  B e l t :  WGS; RMOGA, 1978, Estimates o f  
Undiscovered Recoverable Hydrocarbon Resources (RARE-11); White and Wil l iams, 1975, USGS C i r c .  726; 
NOAA, 1977, Geothermal Energy Resources o f  the Western U.S.; USGS, 1945, Min. Res. Mo. Va l l ey  Region, 
Pts 1, 2 ,  3; ERDA, 1976, NURE-Prelim. Rpt.; Armstrong and O r i e l ,  1965, AAPG B u l l . ,  v. 43; B r i t i s h  
S u l f u r  Corp., Ltd., 1964, A wor ld  survey o f  phosphate deposi ts :  Woodalls L td .  ( P r i n t e r s ) ,  London; 
Gulbrandsen, 1966, Geochim. Cosmochim. Acta, v. 3, 769-778; Brobst  and P r a t t ,  1973, USGS Prof .  Paper 
820; Worl and Others, 1974, USGS MR-60; K inkel  and Peterson, 1962, USGS MR-13; RMAG, 1972, Geologic 
A t l a s  o f  the Rocky Mountain Region: Denver, CO; Love and Others, 1955, Geologic Map o f  Wyoming: USGS; 
Glass and Others, 1975, Energy Resources Map of Wyoming: WGS; Sheldon, 1965, USGS P ro f .  Paper 1313-8; 
Clabaugh and others,  1946, USGS Mo. Basin Studies No. 9; USGS, 1964, MR-42; Chidester  and Worthington, 
1962, USGS MR-31; Love, 1961, USGS Prof. Paper 424-C; Chidester  and Shr ide, 1962, USGS MR-17. 
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ENERGY AND MINERAL RESOURCE EVALUATION - RARE I 1  TRACTS 

TRACT NO: 04152 TRACT NAME: Scout Mountain ECOREG: 3130 WAR: 17 

NATIONAL FOREST: Caribou STATEICOUNTY: Idaho, Bannock 

ACREAGE (GROSS): 34,480 ACREAGE (NET): 32,300 100 N/G: 94 LATITUDE: 42'41 ' LONGITUDE: 112'20' 

INDIVIDUAL TRACT 
RESOURCE RATINGS 

OIL AND GAS 

URANIUM 

COAL 

GEOTHERMAL 

CRITICAL MINERALS 

OVERALL RATING 
(WEIGHTED) 

USFS 

1 

- 

1 

1 

1 

1 

NAMES OF CRITICAL MINERALS PRESENT: 

DOE REMARKS - 
S t r a t i g r a p h i c  and s t r u c t u r a l  t raps  com- 
pounded by t h r u s t i n g ;  s i m i l a r  t o  Canadian 
Rockies F o o t h i l l s  B e l t  

2 

1 

1 

2 

Base and prec ious meta ls? 

COMMENTARY AND SUMMARY: Petroleum e x p l o r a t i o n  has n o t  been as i n t e n s i v e  i n  the  Paris-Bannock t h r u s t  
b e l t  as i n  the  more e a s t e r l y  t h r u s t  s t ruc tu res ;  however, severa l  holes showing some o i l  and gas have 
been completed i n  the  past. The Rocky Mountain O i l  and Gas Assoc ia t i on  est imates t h a t  over 300 m i l l i o n  
b a r r e l s  o f  o i l  and approximately th ree  t r i l l i o n  cubic  f e e t  o f  gas occur i n  Rare I 1  t r a c t s  i n  t h i s  b e l t .  
Phosphate resources a re  minor i n  comparison w i t h  the  more e a s t e r l y  b e l t s .  
seminated g o l d  and base metals i n  the  Precambrian and Lower Paleozoic s t r a t a  i s  a l s o  present .  

Some p o t e n t i a l  f o r  d i s -  

GEOLOGY: 
Wasatch f a u l t  and i t s  northward p r o j e c t i o n  on the west) .  
f a u l t  o f  t he  Basin and.Range s t r u c t u r a l  prov ince and i s  genera l l y  normal i n  character ,  u s u a l l y  having 
a s teep westward d i p .  
T e r t i a r y  and Quaternary deposi ts .  
l o c a l l y  cover the  o l d e r  rocks and s t ruc tu res .  

Paris-Bannock t h r u s t  b e l t  ( i nc ludes  t e r r a i n  between Paris-Bannock f a u l t  on eas t  and the  
The Wasatch f a u l t  i s  t he  major eas t  boundary 

Bedrock inc ludes s t r a t a  f rom the younger Precambrian, a l l  Paleozoic systems, and 
T e r t i a r y  and Quaternary vo l can ic  rocks and s i m i l a r  age g rave ls  

REFERENCE/CITATION: USFS, 1978, RARE I 1  DES, ID, UT, and WY Suppls.; DOE, 1978, Energy Res. Assessments 
o f  RARE I 1  Lands; DOE, 1978, Energy Res. Assessments, o f  Ten Alternatives-RARE I 1  Lands; Powers, 1977, 
WGA Gdbk 29; Blackstone, 1978, Tectonic  map o f  t he  Over th rus t  B e l t :  WGS; RMOGA, 1978, Est imates o f  
Undiscovered Recoverable Hydrocarbon Resources (RARE-11); White and Wi l l iams,  1975, USGS C i r c .  726; 
NOAA, 1977, Geothermal Energy Resources o f  t he  Western U.S.; USGS, 1945, Min. Res. Mo. V a l l e y  Region, 
Pts. 1,2,3; ERDA, 1976, NURE-Prelim. Rpt.; Armstrong and O r i e l ,  1965, AAPG B u l l . ,  v .  43; B r i t i s h  S u l f u r  
Corp., Ltd., 1964, A World Survey o f  Phosphate Deposi ts:  Woodalls L td .  ( P r i n t e r s ) ,  London; Gulbrandsen, 
1966, Geochim. Cosmochim. Acta, v. 3, p. 769-778; Brobst  and P r a t t ,  1973, USGS Prof .  Paper 820; Worl 
and Others, 1974, USGS MR-60; K inkel  and Peterson, 1962, USGS MR-13; RMAG, 1972, Geologic A t l a s  o f  t he  
Rocky Mountain Region: Denver, CO; Bond and Others, 1978, Geologic Map o f  Idaho: IBMG; ROSS, C.P., 
1941, IBMG Pamph. 57, p t .  111; Mansf ie ld,  1927, USGS Prof .  Paper 152; Leonard and Others, 1978, USGS 
OFR 78-360; USGS, 1964, M ine ra l  and Water Resources o f  Idaho: 88 th  U.S. Congress; Vine, 1959, USGS 
B u l l .  1055-1. 
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ENERGY AND MINERAL RESOURCE EVALUATION - RARE I 1  TRACTS 

TRACT NO: 04162 TRACT NAME: Stump Creek ECOREG: 3112 WAR: 22 

NATIONAL FOREST: Caribou 

ACREAGE (GROSS): 103,640 ACREAGE (NET): 103,200 100 N/G: 100 LATITUDE: 42'50' 

STATEICOUNTY: Idaho, Caribou 

LONGITUDE: 111'11 I 

INDIVIDUAL TRACT 
RESOURCE RATINGS 

OIL AND GAS 

URANIUM 

COAL 

GEOTHERMAL 

CRITICAL MINERALS 

OVERALL RATING 
(WEIGHTED) 

- ORNL DOE REMARKS 
S t r a t i g r a p h i c  and s t r u c t u r a l  t raps  com- 

4/2 4 4 pounded bv th rus t i na :  s i m i l a r  t o  Canadian 

2/ 1 1 

3 
P 

NAMES OF CRITICAL MINERALS PRESENT: 

c 

4 

Rockies F o o t h i l l s  B e i t  

Teton bas in f i e l d  

Poss ib le  extension o f  M t .  Pisgah gold- 
bear ing format ions 

COMMENTARY AND SUMMARY: Several major and several l e s s e r  o i l  and/or gas f i e l d s  a re  l oca ted  i n  the 
southern p a r t  o f  t he  Absaroka B e l t  i n  Wyoming and Utah. Most product ion i s  from Ju rass i c -T r iass i c  
rese rvo i r s ,  b u t  more recen t  deeper d iscover ies a re  i n  Upper Paleozoic rocks (Phosphoria) and even more 
r e c e n t l y  i n  Lower Paleozoic rocks. The Rocky Mountain O i l  and Gas Associat ion est imates t h a t  Rare I 1  
t r a c t s  i n  the  Absaroka b e l t  con ta in  nea r l y  3.3 b i l l i o n  b a r r e l s  o f  o i l  and over 12.5 t r i l l i o n  cubic  f e e t  
o f  gas. 
o f  i t  i n  the Rare I 1  t r a c t s .  Not on l y  are the phosphate rock resources impor tant  f o r  the phosphorus, 
b u t  t h e r e  i s  a s i g n i f i c a n t  nea r - fu tu re  p o t e n t i a l  f o r  vanadium, uranium by-product product ion.  
M t .  Pisgah go ld  d i s t r i c t  i n  Bonnev i l l e  County may have s i g n i f i c a n t  p o t e n t i a l  f o r  Car l i n - t ype  g o l d  
deposi ts  (Rare I 1  t r a c t s  04160, 04161, and 04162). DOE, moderate c o r r i d o r  R-45 c o n f l i c t .  

The major p a r t  o f  t he  Southeast Idaho phosphate resource i s  i n  t h i s  t h r u s t  b e l t ,  w i t h  much 

The 

GEOLOGY: Absaroka t h r u s t  b e l t  ( i nc ludes  t e r r a i n  westward t o  sur face t r a c e  o f  the Paris-Bannock t h r u s t  
complex). Inc ludes (as secondary s t r u c t u r e s )  the  Crawford, Meade, Medicine Lodge, Sheep Mountain, 
Sky l ine,  and many smal ler  t h r u s t  f a u l t s .  Rocks exposed a t  the sur face i nc lude  sedimentary rocks from 
Cambrian t o  T e r t i a r y  i n  age a long w i t h  some T e r t i a r y  and Quaternary vo lcanics.  Several small igneous 
i n t r u s i o n s  o f  T e r t i a r y  Age have been mapped i n  the Idaho p a r t  o f  t he  Absaroka B e l t ,  c h i e f l y  i n  the  
v i c i n i t y  o f  t he  M t .  Pisgah g o l d  d i s t r i c t .  

REFERENCE/CITATION: 
of RARE I 1  Lands; DOE, 1978, Energy Res. Assessments, o f  Ten Alternatives-RARE I 1  Lands; Powers, 1977, 
WGA Gdbk 29; Blackstone, 1978, Tectonic  map o f  the Over thrust  B e l t :  WGS; RMOGA, 1978, Estimates o f  
Undiscovered Recoverable Hydrocarbon Resources (RARE-11); White and Wi l l iams,  1975, USGS C i r c .  726; 
NOAA, 1977, Geothermal Energy Resources o f  the Western U.S.; USGS, 1945, Min. Res. Mo. Va l l ey  Region, 
Pts. 1,2,3; ERDA, 1976, NURE-Prelim. Rpt.; Armstrong and O r i e l ,  1965, AAPG B u l l . ,  v. 43; B r i t i s h  S u l f u r  
Corp., L td .  , 1964, A World Survey o f  Phosphate Deposi ts:  Woodalls L td .  ( P r i n t e r s ) ,  London; Gulbrandsen, 
1966, Geochim. Cosmochim. Acta, v .  3, p. 769-778; Brobst  and P r a t t ,  1973, USGS P ro f .  Paper 820; Worl 
and Others, 1974, USGS MR-60; K inkel  and Peterson, 1962, USGS MR-13; RMAG, 1972, Geologic A t l a s  of t he  
Rocky Mountain Region: Denver, CO; Bond and Others, 1978, Geologic Map o f  Idaho: IBMG; ROSS, C.P., 
1941, IBMG Pamph. 57, p t .  111; Mansfield, 1927, USGS P ro f .  Paper 152; Leonard and Others, 1978, USGS 
OFR 78-360; USGS, 1964, Minera l  and Water Resources of Idaho: 88th U.S. Congress; Vine, 1959, USGS 

USFS, 1978, RARE I 1  DES, ID,  UT, and WY Suppls.; DOE, 1978, Energy Res. Assessments 

B u l l .  1055-1. 
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ENERGY AND MINERAL RESOURCE EVALUATION - RARE I 1  TRACTS 

I 

TRACT NO 

NATIONAL 

ACREAGE 

04758 TRACT NAME: Mount Naomi ECOREG: 3112 WAR: 19 

FOREST: WasatchICari bou 

GROSS): 84,000 ACREAGE (NET): 83,800 100 N/G: 100 LATITUDE: 41"54' LONGITUDE: 111'42' 

STATE/COUNTY: UtahIIdaho, CacheIFrankl i n  

INDIVIDUAL TRACT 
RESOURCE RATINGS 

OIL AND GAS 

URANIUM 

COAL 

GEOTHERMAL 

CRITICAL MINERALS 

OVERALL RATING 
(WEIGHTED) 

ORNL 

412 . 4 

21 2 1 

31 1 4 

21 2 1 

212 4 

2 

NAMES OF CRITICAL MINERALS PRESENT: 

DOE REMARKS - 
S t r a t i g r a p h i c  and s t r u c t u r a l  t raps  com- 

3 Pounded by t h r u s t i n s ;  s i m i l a r  t o  Canadian 
Rockies F o o t h i l l s  B e l t  

1 

1 

3 

Base meta ls? 

COMMENTARY AND SUMMARY: Petroleum e x p l o r a t i o n  has n o t  been as i n t e n s i v e  i n  the  Paris-Bannock t h r u s t  
b e l t  as i n  the  more e a s t e r l y  t h r u s t  s t ruc tu res ;  however, several holes showing some o i l  and gas have 
been completed i n  the past .  The Rocky Mountain O i l  and Gas Assoc ia t i on  est imates t h a t  over 300 m i l l i o n  
b a r r e l s  o f  o i l  and approximately th ree  t r i l l i o n  cubic  f e e t  o f  gas occur i n  Rare I 1  t r a c t s  i n  t h i s  b e l t .  
Phosphate resources a re  minor  i n  comparison w i t h  the more e a s t e r l y  b e l t s .  
seminated go ld  and base metals i n  the Precambrian and Lower Paleozoic s t r a t a  i s  a l s o  present .  

Some p o t e n t i a l  f o r  d i s -  

GEOLOGY: 
Wasatch f a u l t  and i t s  northward p r o j e c t i o n  on the west) .  
f a u l t  o f  t he  Basin and Range s t r u c t u r a l  prov ince and i s  g e n e r a l l y  normal i n  character ,  u s u a l l y  having 
a steep westward d i p .  
T e r t i a r y  and Quaternary deposi ts .  
l o c a l l y  cover t h e  o l d e r  rocks and s t r u c t u r e s .  

Paris-Bannock t h r u s t  b e l t  ( i nc ludes  t e r r a i n  between Paris-Bannock f a u l t  on eas t  and the  
The Wasatch f a u l t  i s  t he  major eas t  boundary 

Bedrock inc ludes s t r a t a  f rom the younger Precambrian, a l l  Paleozoic systems, and 
T e r t i a r y  and Quaternary vo l can ic  rocks and s im i la r -age  g rave ls  

REFERENCE/CITATION: 
of RARE I 1  Lands; DOE, 1978, Energy Res. Assessments, o f  Ten Alternatives-RARE 11 Lands; Powers, 1977, 
WGA Gdbk 29; Blackstone, 1978, Tectonic  Map o f  t he  Over th rus t  B e l t :  WGS; RMOGA, 1978, Est imates of 
Undiscovered Recoverable Hydrocarbon Resources (RARE-11); White and Wi l l iams,  1975, USGS C i r c .  726; 
NOAA, 1977, Geothermal Energy Resources o f  the Western U.S.; USGS, 1945, Min. Res. Mo. Va l l ey  Region, 
Pts. 1, 2, 3; ERDA, 1976, NURE-Prelim. Rpt.; Armstrong and O r i e l ,  1965, AAPG B u l l . ,  v. 43; B r i t i s h  
Su l fu r  Corp., Ltd., 1964, A World Survey o f  Phosphate Deposi ts:  Woodalls L td .  ( P r i n t e r s ) ,  London; Gul- 
brandsen, 1966, Geochim. Cosmochim. Acta, v. 3, p. 769-778; Brobst  and P r a t t ,  1973, USGS P ro f .  Paper 
820; Worl and Others, 1974, USGS MR-60; K inkel  and Peterson, 1962, USGS MR-13; RMAG, 1972, Geologic 
A t l a s  o f  t he  Rocky Mountain Region: Denver, CO; Stokes and Madsen, 1961, Geologic Map o f  Utah-Northeast 
Quar te r :  UGMS; USGS, 1964, M ine ra l  and Water Resources o f  Utah: 88th U.S. Congress; White, 1962, USGS 

USFS, 1978, RARE I 1  DES, I D ,  UT, and WY Suppls.; DOE, 1978, Energy Res. Assessments 

MR-20. 

, .  . .. 
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ENERGY AND MINERAL RESOURCE EVALUATION - RARE I 1  TRACTS 
1 

WAR: 16 TRACT NO: 08170 TRACT NAME: Dry R iver  ECOREG: 2214 

NATIONAL FOREST: George Washington 

ACREAGE (GROSS): 16,660 ACREAGE (NET): 16,135 100 N/G: 97 LATITUDE: 38'32' LONGITUDE: 79'13' 

STATE/COUNTY: West V i r g i n i a ,  Pendleton 

INDIVIDUAL TRACT 
RESOURCE RATINGS 

OIL AND GAS 

URANIUM 

COAL 

GEOTHERMAL 

CRITICAL MINERALS 

OVERALL RATING 
(WEIGHTED) 

- ORNL DOE REMARKS 

31 2 1 

211 1 

114 1 

2/ 1 1 

312 1 

2 

Minera l -bear ing rocks c l o s e r  t o  sur face 

NAMES OF CRITICAL MINERALS PRESENT: 
cadmium a t  depth 

Poss ib le  copper; poss ib le  i ron ,  z inc,  lead, b a r i t e ,  f l u o r i t e ,  

COMMENTARY AND SUMMARY: Th is  t r a c t  i s  i n  the  fold-dominated p a r t  o f  the  Va l ley  and Ridge province. 
The rocks a r e  q u i t e  favorab le  f o r  o i l  and gas, a l though some hydrocarbons may have been dr iven  o f f  
by heat  from metamorphism and igneous a c t i v i t y  i n  t h e  nearby Blue Ridge, heat  t h a t  a lso  made gas more 
common than o i l  throughout t h e  province. These hydrocarbons a r e  produced i n  several places i n  t h e  
prov ince i n  t h e  s tudy area. 
con ta in  coal .  Hot d r y  rock  a t  depth may have some p o t e n t i a l  f o r  geothermal energy. 
Oriskany Sandstone a t  t h e  sur face may conta in  c r i t i c a l  minera ls  manganese, i ron ,  and z inc,  and the, 
S i l u r i a n  C l i n t o n  Formation may conta in  i ron .  C r i t i c a l  minera ls  f o r  which t h e  subsurface rocks may 
be favorab le  i n c l u d e  z inc,  lead, cadmium, f l u o r i t e ,  and b a r i t e  (Ordovic ian carbonates). 
e x p l o r a t i o n  has occurred f o r  any commodity, except o i l  and gas f o r  which exp lo ra t ion  has been moderate. 

Sandstone u n i t s  may be favorable f o r  uranium. The rocks are  too  o l d  t o  
The Devonian 

L i t t l e  

GEOLOGY: Surface rocks a r e  Upper Devonian shales and sandstones on NW f l a n k  o f  a major sync l ine  t r a c t .  

REFERENCE/CITATION: A l l  resources - Stose and L jungstedt ,  1932, Geol. Map o f  W. Va.; USGS and USBM, 
1968, USGS Prof .  Paper 580; M i l l e r  and Others, 1970, Minera l  Res. o f  the  TVA Region; Brobst  and P r a t t ,  
1973, USGS Prof .  Paper 820; DOE, 1978, Energy Res. Assessments o f  RARE I 1  Lands; DOE, 1978, Energy 
Res. Assessments o f  Ten A l t e r n a t i v e s  - RARE I 1  Lands; USFS, 1978, RARE I 1  DES, So. Appal. Suppl. O i l  
and Gas - V l i s s i d e s  and Q u i r i n ,  1963, O i l  and Gas F i e l d s  o f  the  U.S.; Cardwell, 1971, AAPG Mem. 15; 
USGS, 1974 and 1975, Maps o f  Appal. O i l  and Gas Production; M i l l e r  and Others, 1975, USGS Ci rc .  725; 
H a r r i s  and M i l i c i ,  1977, USGS Prof .  Paper 1018; Patchen and Others, 1978, AAPG B u l l .  62: 1399-1441. 
Uranium - ERDA, 1976, NURE Pre l im inary  Report. Coal - Trumbull, 1960, Coal F i e l d s  o f  the  U.S. 
Geothermal - AAPG, 1976a and b y  Geothermal Gradient  Map and Subsurface Temperature Map o f  Nor th 
America. 
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ENERGY AND MINERAL RESOURCE EVALUATION - RARE I 1  TRACTS 

TRACT NO: L8180 TRACT NAME: Dev i l s  Fork ECOREG: 2214 WAR: 18 

NATIONAL FOREST: Je f fe rson 

ACREAGE (GROSS): 5,887 ACREAGE (NET): 4,750 ,100 N/G: 81 LATITUDE: 36'49' LONGITUDE: 82'39' 

STATEICOUNTY : V i  r g  i n i a , Sco t t  

INDIVIDUAL TRACT 
RESOURCE RATINGS 

-OIL AND GAS 

URANIUM 

COAL 

GEOTHERMAL 

CRITICAL MINERALS 

OVERALL RATING 
(WEIGHTED) 

REMARKS 
Pine Mountain ove r th rus t  has trapped gas 

41 2 1 i n  Wise County. T rac t  i s  on SE border 
o f  Appalachian Gas and O i l  F i e l d  (USGS 
1974, 1975) 

212 1 2 

414 1 2 T rac t  i s  w i t h i n  Appalachian coal f i e l d  

211 1 

211 1 

2+ 

NAMES OF CRITICAL MINERALS PRESENT: 
a t  depth 

Possible copper, i r on ,  z inc ,  lead, cadmium, f l u o r i t e ,  and b a r i t e  

COMMENTARY AND SUMMARY: This t r a c t  i s  i n  the  th rus t - fau l t -dominated  p a r t  o f  the  Va l ley  and Ridge pro- 
vince. The rocks are  q u i t e  favorab le  f o r  o i l  and gas, al though some hydrocarbons may have been d r i ven  
o f f  by heat from metamorphism and igneous a c t i v i t y  i n  the  nearby Blue Ridge, heat t h a t  a l so  made gas 
more common than o i l  throughout the  province. 
province i n  the  study area. 
h igh  f a v o r a b i l i t y  because o f  i t s  l o c a t i o n  w i t h  respect t o  a gas-producing a n t i c l i n e .  
may be favorab le  f o r  uranium b u t  l i t t l e  exp lo ra t i on  has occurred. 
Appalachian coal f i e l d  and o v e r l i e s  minable, t h i c k ,  h igh -qua l i t y  coal .  
have some p o t e n t i a l  f o r  geothermal energy, bu t  l i t t l e  exp lo ra t i on  has taken place. 
probably conta in  no c r i t i c a l  minerals.  The subsurface rocks may be favorab le  f o r  copper (Upper 
Devonian red  beds); z inc  (Devonian Oriskany sandstone); i r o n  ( S i l u r i a n  C l i n ton  Formation); and zinc,  
lead, cadmium, f l u o r i t e ,  and b a r i t e  (Cambro-Ordovician carbonates); l i t t l e  exp lo ra t i on  has been 
performed. 

These hydrocarbons are  produced i n  several  places i n  the  
Exp lora t ion  o v e r a l l  has been f a i r l y  meager. This t r a c t  has unusual ly 

Sandstone u n i t s  

The sur face  rocks 

This t r a c t  i s  l oca ted  w i t h i n  the  
Hot d ry  rock a t  depth may 

GEOLOGY: 
p l a t e  o f  the  Pine Mountain over th rus t .  

Surface rocks are  s y n c l i n a l l y  fo lded Lower Pennsylvanian sandstones and shales i n  the  Upper 

REFERENCE/CITATION: 
Mineral  Indus. and Res. o f  Va.; USGS and USBM, 1968, USGS Pro f .  Paper 580; M i l l e r  and Others, 1970, 
Mineral  Res. of the  TVA Region; Brobst and P r a t t ,  1973, USGS Pro f .  Paper 820; DOE, 1978, Energy Res. 
Assessments o f  RARE I 1  Lands; DOE, 1978, Energy Res. Assessments o f  Ten A l te rna t i ves  - RARE I 1  Lands; 
USFS, 1978, RARE I 1  DES, So. Appal. Suppl. O i l  and Gas - V l i s s i d e s  and Q u i r i n ,  1963, O i l  and Gas 
F ie lds  o f  t he  U.S.; Cardwell, 1971, AAPG Mem. 15; USGS, 1974 and 1975, Maps o f  Appal. O i l  and Gas Pro- 
duct ion;  M i l l e r  and Others, 1975, USGS C i rc .  725; Har r i s  and M i l i c i ,  1977, USGS Pro f .  Paper 1018; 
Patchen and Others, 1978, AAPG B u l l .  8. Uranium - ERDA, 1976, NURE Pre l im inary  Report. Coal- 
Trumbull, 1960, Coal F ie lds  o f  the  U.S. Geothermal - AAPG, 1976a and b, Geothermal Gradient Map and 
Subsurf. Temp. Map o f  N. Am. C r i t i c a l  Minerals - Lesure, 1957, V .P . I .  Bu l l . ,  Eng. Expt. Sta. se r ies  
118; Worl and Others, 1968, F l u o r i t e  Deposits o f  the  U.S.; Lesure and Others, 1978, U.S.G.S. B u l l .  
1397c. 

A l l  resources - M i l i c i  and Others, 1963, Geol. Map o f  Va.; Gooch and Pharr, 1959, 

c 

r 
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ENERGY AND MINERAL RESOURCE EVALUATION - RARE I1 TRACTS 

TRACT NO: L8315 TRACT NAME: Harper Creek ECOREG: 2214 WAR: 19 

NATIONAL FOREST: Pisgah 

ACREAGE (GROSS): 7,163 ACREAGE (NET): 7,138 100 N/G: 99.6 LATITUDE: 35'59' LONGITUDE: 81"49' 

STATE/COUNTY: Nor th Carol ina,  AverylCaldwe11 

INDIVIDUAL TRACT 
RESOURCE RATINGS DOE E REMARKS 

OIL AND GAS 2/ 1 1 . 
URANIUM 4/4 1 

COAL 114 1 

GEOTHERMAL 2/1 1 

CRITICAL MINERALS 2/1 1 

OVERALL RATING 
(WEIGHTED) 3+ 

NAMES OF CRITICAL MINERALS PRESENT: Uranium 

COMMENTARY AND SUMMARY: Th i s  t r a c t  i s  w i t h i n  the  Grandfather Mountain Window o f  t h e  Blue Ridge prov- 
ince.  P o t e n t i a l  f o r  gas may e x i s t  a t  depth below the  basal Blue Ridge Thrust  ( H a r r i s  1976). 
Brevard Zone, nearby t o  the  southeast, i s  t he  r o o t  zone o f  t he  west-d i rected t h r u s t i n g  (Bryant and 
Reed 1970), t h e  p o t e n t i a l  i s  very  s l i g h t ,  and l i t t l e  e x p l o r a t i o n  has occurred. 
repo r ted  as occu r r i ng  on the  t r a c t  (Bryant and Reed 19661, b u t  none has been mined. The rocks a re  too 
o l d  f o r  coal .  Hot d r y  rock a t  depth may have some p o t e n t i a l  as a source o f  geothermal energy, b u t  
l i t t l e  e x p l o r a t i o n  has taken place. Other than uranium, no c r i t i c a l  minera ls  are known t o  occur i n  
the  t r a c t ,  b u t  mica, t i n ,  r a r e  earths,  and o the rs  could occur i n  pegmatites i n  the  gneiss. L i t t l e  
e x p l o r a t i o n  has been performed. 

I f  the  

Uranium has been 

GEOLOGY: Surface rock i s  t he  Precambrian Wilson Creek gneiss. 

REFERENCE/CITATION: A l l  resources - N.C. Dept. Conserv. and Develop., Div. Min. Res., 1959, Geol. Map 
of N.C.; USGS and USBM, 1968, USGS P ro f .  Paper 580; M i l l e r  and Others, 1970, Minera l  Res. o f  t he  TVA 
Region; Bryant and Reed, 1970, USGS Prof .  Paper 615; Brobst and P r a t t ,  1973, USGS Prof .  Paper 820; 
DOE, 1978, Energy Res. Assessments o f  RARE I 1  Lands; DOE, 1978, Energy Res. Assessments o f  Ten A l t e r -  
n a t i v e s  - RARE I1 Lands; USFS, 1978, RARE I 1  DES, So. Appal. Suppl. O i l  and Gas - V l i s s i d e s  and 
Q u i r i n ,  1963, O i l  and Gas F i e l d s  o f  t he  U.S.; Cardwell, 1971, AAPG Mem. 15; USGS, 1974 and 1975, Maps 
o f  Appal. O i l  and Gas Product ion;  M i l l e r  and Others, 1975, USGS C i r c ,  725; H a r r i s  and M i l i c i ,  1977, 
USGS Pro f .  Paper 1018; Patchen and Others, 1978, AAPG B u l l .  8. Uranium - B r y a n t  and Reed, 1966, USGS 
C i r c .  521; ERDA, 1976, NURE P re l im ina ry  Report. Coal - Trumbull- Coal F i e l d s  o f  t h e  U.S. 
Geothermal - AAPG, 1976a and b, Geothermal Gradient Map and Subsurface Temperature Map o f  Nor th 
America. C r i t i c a l  Minera ls  - Lesure, 1968, USGS Prof .  Paper 577; O r i e l ,  1950, N.C. Dept. Conserv. 
and Devel., D iv .  Min. Res. , B u l l .  60. 

. 
t 

. . 



64 

ENERGY AND MINERAL RESOURCE EVALUATION - RARE I 1  TRACTS 

TRACT NO: 09047 TRACT NAME: Gauley Mountain ECOREG: 2211 WAR: 18 

NATIONAL FOREST: Monongahel a STATE/COUNTY: West V i rg in ia ,  Webster/Randolph/ 
Pocahontas 

ACREAGE (GROSS): 13,320 ACREAGE (NET): 12,890 100 N/G: 97 LATITUDE: 38'29' LONGITUDE: 80'10' 

INDIVIDUAL TRACT 
RESOURCE RATINGS ORNL E DOE E REMARKS 

OIL AND GAS 41 2 4 

URANIUM 

COAL 

GEOTHERMAL , 2/1 1 

CRITICAL MINERALS 2/2  4 

OVERALL RATING 
(WEIGHTED) 2+ 3 , 

J 

NAMES OF CRITICAL MINERALS PRESENT: 
a t  depth 

Possible copper, i r on ,  lead, z inc,  cadmium, f l u o r i t e ,  and b a r i t e  

c 

COMMENTARY AND SUMMARY: This t r a c t  i s  i n  the Appalachian Plateau province. The rocks are favorab le  
f o r  o i l  and gas, which a re  produced throughout the  province i n  the study area. 
favorab le  f o r  deposi ts o f  uranium. This t r a c t  i s  s i t u a t e d  on the  edge o f  the  Appalachian coal f i e l d .  
Coal under l ies  p a r t  o f  the  t r a c t  bu t  i s  t h i n  and o f  low q u a l i t y .  Hot d ry  rock a t  depth may be favor -  
ab le  as a source o f  geothermal energy. The surface rocks probably conta in  no c r i t i c a l  minerals,  b u t  
o lde r  rocks a t  depth may be favorab le  f o r  copper (Upper Devonian red  beds); z inc  and lead  (Devonian 
Oriskany Sandstone); i r o n  (Devonian Helderberg Limestone and S i l u r i a n  C l i n t o n  Formation); and zinc,  
cadmium, lead, f l u o r i t e ,  and b a r i t e  (Ordovic ian carbonates). 
resources, except f o r  o i l ,  gas, and coal i n  the immediate area. 

Sandstone u n i t s  may be 

L i t t l e  exp lo ra t i on  has occurred f o r  any 

GEOLOGY: 
f l a t - l y i n g  b u t  w i t h  occasional f o l d s  and fau l t s .  

Surface rocks a re  Upper Miss iss ipp ian  and Lower Pennsylvanian shales and sandstones, most ly 

REFERENCE/CITATION: A l l  resources - Stose and Ljungstedt,  1932, Geol. Map o f  W .  Va.; USGS and USBM, 
1968, USGS Pro f .  Paper 580; M i l l e r  and Others, 1970, Mineral  Res. o f  the TVA Region; Brobst and P r a t t ,  
1973, USGS Prof .  Paper 820; DOE, 1978, Energy Res. Assessments o f  RARE I 1  Lands; DOE, 1978, Energy 
Res. Assessments o f  Ten A l te rna t i ves  - RARE I 1  Lands; USFS, 1978, RARE I 1  DES, SO. Appal. Suppl. O i l  
and Gas - Vl i ss ides  and Q u i r i n ,  1963, O i l  and Gas F ie lds  o f  the  U.S.; Cardwell, 1971, AAPG Mem. 15; 
USGS, 1974 and 1975, Maps o f  Appal. O i l  and Gas Production; M i l l e r  and Others, 1975, USGS C i rc .  725; 
Har r i s  and M i l i c i ,  1977, USGS Pro f .  Paper 1018; Patchen and Others, 1978, AAPG B u l l .  62: 1399-1441. 
Uranium - ERDA, 1976, NURE Pre l im inary  Report. 
Geothe-rmal - AAPG, 1976a and b, Geothermal Gradient Map and Subsurface Temperature Map o f  North 
America. 

Coal- Trumbull, 1960, Coal F ie lds  o f  the  U.S. 
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