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PRELIMINARY REPORT ON THE 
COAL RESOURCES OF THE 

NATIONAL PETROLEUM RESERVE I N  ALASKA 

BY 
G .  C. M a r t i n  and J. E. Callahan 

ABSTRACT 

NPR-A, located on the A r c t i c  slope of Northern Alaska, i s  under1 a i  n by 
a thick sequence o f  sedimentary rocks of Cretaceous age which attain a 
th ickness o f  as much as 4600 m (15,000 f e e t ) .  The bu lk  o f  the coal 
resources occurs i n  rocks of the  Nanushuk Group o f  Early and Late 
Cretaceous age. The Nanushuk Group i s  a wedge-shaped u n i t  o f  marginal- 
marine and nonmarine rocks t h a t  i s  a s  t h i c k  as 3300 m (11,000 f e e t )  just 
west o f  NPR-A. M i  t h i  n the  reserve, coal occurs prirnari ly  i n  the midd le  and 
thicker portions o f  t h i s  elast ic  wedge and occurs stratigraphically i n  the 
upper ha1 f of the section. Specific d a t a  on individual coal beds  or zones 
are scarce, a n d  estimates o f  identified coal resources o f  about 49.5 
billion tons  represent a sampling o f  coal resources too small t o  give a 
r e a l i s t i c  i n d i c a t i o n  of the  potential resources for an area so large. 
Estimates of undiscovered resources suggest hypothetical  resources o f  
between 330 b i l l  ion and 3-3 t r i l l  ion  tons. The wide range i n  the 
undi  scovered resource estimates r e f  1 e c t s  the  scarcity and ambi gui ty  o f  the  
a v a i l a b l e  d a t a  b u t  also suggests t h e  presence o f  a potentially large coal 
resource. 

INTRODUCTION 

T h e  Naval Petroleum Reserves Production A c t  o f  1976 directs the 
Secretary o f  the Interior t o  conduct a land-use study o f  the Na t iona l  
Petrol eum Reserve i n A1 aska ( NPR-A,  formerly Naval Petroleum Reserve 
No. 4). The U.S. Bureau of Mines was assigned t h e  task o f  furnishing an 
assessment o f  a l l  resource va lues  other  than o i l  and gas for t h i s  study and 
requested the Conservation D i  v i  s i  on o f  the  U .S .  Geol ogical Survey to  
f u r n i s h  an estimate o f  coal resources f o r  inclusion i n  t h e i r  preliminary 
assessment. An administrative report, inc luding estimates o f  coal 
resources based mostly on previously pub1 i shed data, was furnished t o  the  
Bureau o f  Mines early i n  1978. T h i s  open-file report i s  an updated version 
o f  t h a t  report. S1 i gh t adjustments i n i d e n t i f  i ed resource f i gures have 
been made based on new da t a  obtained from seismic  shot ho les  i n  the western 
part of the reserve d u r i n g  the l a t e  winter and spring of  1978 a n d  from logs  
o f  two recent o i  1 and  gas t es t  we1 1 s. 

Further refinements i n the i denti f i ed resources shoul d resu1 t f rom 
various geologic investigations during the  1978 summer f i e l d  season; 
s i  gni f icant changes i n  the hypothetical resource f i gures a1 so may result 
from a rei nterpretation o f  deposi t i  onal  envi ronments o f  the  coal -bearing 
rocks . 



NPR-A i s  located on the A r c t i c  slope of northern Alaska ( f i g .  1) and 
extends from the crest of  the  DeLong Mountains i n  the  Brooks Range 
northward t o  the A r c t i c  coast and from the lower Colvil le River westward t o  
the longitude o f  Icy Cape on the Chukchi Sea. I t  encompasses about 96,000 
km2 (37,000 m i  l e s2 ) ,  an area as 1 arge a s  t he  S t a t e  of  Ind iana .  

GEOGRAPHY 

Physiography 

The area can be divided i n t o  three physiographic provinces: the 
mountainous Brooks Range, which i s general ly considered the northwestern 
extension of the  Rocky Mountain System; the Arctic Foothills; and the 
Arctic Coastal P l a i n  ( f i g .  2 ) .  The mountainous province r i m s  the southern 
boundary o f  NPR-A and i s  succeeded on the north by the f o o t h i l  Is be1 t, 
which i s  characterized by treeless rolling h i l l s ,  ridges, and valleys 
a1 igned east-west and parallel t o  the  mountain front. The foothills be1 t 
i s  subdivided into a northern and a southern section, t h e  southern section 
being hi l l ier  w i t h  more local relief and a higher overall a1 t i  tude. Local 
relief i n  the foothills belt generally varies from 60 t o  300 m (200 t o  1000 
feet )  and a1 t i t u d e s  range from 180 m (600 f e e t )  along the  northern boundary 
t o  1200 m (4000 f e e t )  a l o n g  t he  mountainous southern border. North of the 
f o o t h i  11 s i s  the coastal plain, an extensive practical ly feature1 ess t u n d r a  
p l  a i  n contai n i  ng numerous 1 akes and marshes a n d  poorly de f i  ned streams. 

Climate and Vegetation 

The arctic c l imate  o f  NPR-A i s  characterized by cold  temperatures, 
strong winds and scant  precipitation. Temperatures generally range from 
-54°C (-65°F) t o  18°C ( 65 °F ) .  Summers are short and cool ,  and freezing 
temperatures are n o t  uncommon. In winter ,  the temperature seldom rises 
above freezing. The area i s  w i t h i n  the  zone of continuous permafrost t h a t  
extends t o  depths o f  305 m ( 1000 feet) o r  more. 

The wind blows most o f  the time a n d  i s  evenly distributed throughout 
the year. Average annual velocity a t  Barrow on the northern t i p  of Alaska 
and NPR-A i s  about  16 km/hr (10 miles per hour ) ,  and maximum velocities can 
be extreme. In  1951, d u r i n g  exploratory d r i l l  ing of  the Kaol ak t e s t  we1 1 ,  
the  rig derrick was blown over i n  a high wind (Reed, 1958). Precipitation 
averages between 10-20 cm (4-8 inches) a year,  principally i n  the  form of 
snow. A1 though the small amount o f  precipitation suggests aridity , water, 
either i n  the form o f  snow and i c e  or a s  a liquid, i s  almost always 
present. The permanently f r ozen  ground, dense mat-l i ke tundra, and cold 
temperatures prevent o r  i nhi b i  t percol a t i  on, runoff , and evaporation. 

Vegetation w i  t h i  n NPR-A consi sts o f  typical tundra f l  ora  : grasses, 
sedges, f lower ing  p l a n t s ,  mosses and f l a t  bushes. The area i s  e s s e n t i a l l y  
devoid o f  trees, a1 t h o u g h  stunted wi l lows grow along the river valleys and 
infrequent stands o f  stunted alder  and cottonwood are found i n  the 
foothills be1 t. 



National Petroleum 
Reserve - Alaska 

FIGURE 1.--Location of National Petroleum Reserve 
in Alaska (NPR-A) . 



FIGURE 2.--Physiography of National Petroleum Reserve #in Alaska 
(after Wahrhaftig, 1965, p l .  l] . 

FIGURE 3.--Major tectonic elements of the ~ a t i o n a l  Petroleum 
-serve in Alaska, 



Settlements and Accessi b i l  i ty 

Except f o r  t h e  town o f  Barrow and the  three small Eskimo villages of 
Wai nwr i  g h t  , Atkasook , and Nui qsut , there are no permanent settlements i n 
NPR-A. A longstanding base camp i s located a t  Umiat along the C o l v i l l e  
River on the eas t  edge o f  the  reserve. Government agencies, both c i v i l i a n  
and military, and o i l  companies have used t h e  base camp a s  a l o g i s t i c s  
center f o r  petrol eum expl ora t i  on i n northern A1 aska. 

The nearest road t o  t he  reserve i s  the Trans-Alaska p i p e l i n e  haul road 
100 t o  110 km (60 to  70 miles) east of t h e  reserve. Transportat ion t o ,  
from, and w i t h i n  the reserve i s  p r i n c i p a l l y  by a i r .  Over1 and 
transportation i s  possible i n  t he  winter by tracked vehicles and sleds b u t  
not i n  summer, when such t r a v e l  woul d scar, almost permanently, t he  exposed 
t undra .  The coast i s  generally i c e  free and accessible by sh ip  i n  August 
and September. However, there i s a considerabl e v a r i a t i o n  i n  the  ice-free 
season from year t o  year, and t h e  i c e  pack may move i n  a t  any t ime, making 
shippi ng hazardous even duri ng t h i  s shor t  period. 

GENERAL GEOLOGY 

Stratigraphy 

Most of NPR-A i s  underlain by a t h i c k  sequence o f  sedimentary rocks  o f  
Cretaceous age of the Col v i l l  e geosyncl i n e  ( f i g .  3--see page 4). I n  the  
reserve,  t h i s  sequence ranges i n  thickness from about 900 m (3000 f e e t )  
near Barrow along the  Barrow Arch t o  a t  l e a s t  4600 m (15,000 f e e t )  adjacent 
t o  the Brooks Range in the foothil ls  be1 t (Brosgb and T a i l l e u r ,  1971). 
These rocks are roughly d i v i s i b l e  i n t o  three groups t h a t ,  i n  ascending 
order, are: a lower sequence o f  predominantly marine shales o f  E a r l y  
Cretaceous age, t h e  Nanushuk Group o f  marginal -mari ne and nonmari ne 
coa l -bear ing  rocks o f  E a r l y  and Late  Cretaceous age, and t h e  overlying 
Colville Group o f  intertonguing marine and nonmarine coal-bearing rocks o f  
Late Cretaceous age ( f i g. 4). 

The l o w e r  marine shale sequence comprises, i n  ascending order, t h e  
Okpi kruak , the  Fortress Mountai n ,  and t h e  ToroK Formations. The Okpi kruak 
( no t  shown on f i g .  4), a dark shale u n i t  con ta in ing  pebbles and f l o a t i n g  
q u a r t z  grains, unconformably overl ies Jurassic and 01 der rocks and marks 
t h e  base o f  the Cretaceous i n  the reserve. The Fortress Mountain and Torok 
Formations over1 i e the Okpi kruak Formation. The For t ress  Mountain 
Formati on, a congl omerati c orogeni c deposi t present adjacent t o  t h e  Brooks 
Range, rap id ly  grades 1 ateral ly northward i n t o  a shaly facies t h a t  may be, 
i n  part ,  equivalent to  the basinal shale and greywacke o f  the  Torok 
Formation. Thrust f au l  t i  ng has obscured the exac t  re1 at ionsh i  p between 
these t w o  formations. The Torok Formati on over l  i es the  Okpi kruak Formati on 
over most o f  NPR-A. The aggregate th ickness o f  these th ree  formations 
ranges from about  900 m (30011 f e e t )  on t h e  Barrow Arch t o  a t  l e a s t  3000 m 
(10,000 f e e t )  i n  the foothil ls  be1 t (Brosge and T a i l l e u r ,  1971). 

Thi s Lower Cretaceous shal e sequence i s over l  ain by the  Nanushuk 
Group, a sequence whi c h grades upward from margi nal -rnari ne sandstone and 



Figure  4.--Generalized stratigraphic correlations of Cretaceous rocks 
(in part) and surficial deposits of northwestern Alaska. 
Wavy l ines  represent u n c o n f o d t i e s ,  Modified from 
Chapman and Sable (1960, p. 70) . 
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shal e  i n t o  nonmari ne coal  -bear ing sandstone and shal e. The Nanushuk Group, 
t h e  p r i n c i p a l  coa l -bear ing  rocks  i n  no r t he rn  Alaska, was depos i ted  as a  
c l  a s t i c  wedge which p rog ress i ve l y  f i l l e d  t h e  downwarping C o l v i l l e  
geosyncl i ne and prograded t o  t h e  no r t heas t  causi  ng t h e  Cretaceous shore l  i ne 
t o  r e t r e a t  i n  a  n o r t h e a s t e r l y  d i r e c t i o n  (Detterman, 1973). The Nanushuk 
sediments become i ncreas i  n g l y  more mari ne i n charac te r  away f rom t h e i  r 
source i n  t he  Brooks Range, and i n t e r t o n g u i n g  o f  marine and nonmarine 
sediments a1 ong a  wide nor thwest - t rend i  ng be1 t between t h e  Peard 
Bay-Wai nwr i  g h t  I n l  e t  area and Maybe Creek-Pri nce Creek area i nd ica tes  broad 
f l u c t u a t i o n s  o f  shorel  i ne a t  t h i  s  t ime. Northeastward f rom t h e i  r Brooks 
Range source area, t h e  Nanushuk rocks  t h i n  f rom more than 3300 m (11,000 
f e e t )  west o f  t h e  reserve  t o  a  paleo-eros ional  edge on t h e  Barrow Arch 
along t h e  rese rve ' s  nor theastern  coas t l i ne .  

The Nanushuk Group has been subd iv ided i n t o  fo rmat ions  p r i m a r i l y  on 
the  bas i s  o f  marine o r  nonmarine charac te r  o f  i t s  rocks  where i t  has been 
mapped a long exposures i n  t h e  f o o t h i l l  s  be1 t. The nonmari ne f a c i e s  
conta ins  t h e  m a j o r i  t y  o f  coa l  found i n  t h e  reserve. 

I n  t h e  western s e c t i o n  o f  t h e  f o o t h i l l s  b e l t ,  near  t h e  Utukok R iver ,  
the  1  ower marginal  -niari ne f a c i e s  compri se t h e  Kukpowruk Formation, and t h e  
upper nonmarine f a c i e s  comprise t h e  Corwin Formation. To t h e  east ,  a long 
t he  f o o t h i l l s  be1 t from the  E t i v l u k  R i ve r  and eastward, t he  lower 
marginal-marine f a c i e s  i s  mapped as t h e  Tuktu Format ion and t h e  nonmarine 
f a c i e s  i s  mapped as Chandler Formation, w i t h  an upper tongue o f  marine 
f a c i e s  o v e r l y i n g  t h e  Chandler mapped as t h e  Ninuluk Formation. Beyond t h e  
nor theastern  pa l  eoshorel i ne where t he  Nanushuk sec t i on  i s predomi n a n t l y  
mari  ne t o  margi na l  -mari ne, i t i s r e f e r r e d  t o  as t he  Grandstand Format i  on. 
For t h e  purposes o f  t h i s  r e p o r t ,  t h e  Nanushuk Group i s  d i v i d e d  i n t o  a  1  ower 
sequence o f  predomi n a n t l y  margi na l  -mari ne f a c i e s  and an upper nonmari ne 
f a c i  es sequence. Dur i  ng subsequent up1 i f t  and deformat i  on, p a r t  o f  t h e  
Nanushuk rocks  were removed by eros ion ,  p a r t i c u l a r l y  i n  t h e  f o o t h i l l s  b e l t  
and i n  t h e  eas tern  A r c t i c .  

I n  t h e  eas tern  p a r t  o f  NPR-A, i n  t h e  Umiat area and a long t h e  1  ower 
course o f  t h e  Col v i  11 e  R ive r ,  t h e  Col v i  11 e  Group unconformably over1 i e s  t he  
Nanushuk and reaches a  maximum th ickness  o f  about 900 m (3000 f e e t )  
(Brosgh and T a i l  l e u r ,  1971). The Col v i l  l e  Group c o n s i s t s  o f  a  basal  marine 
shale and sandstone u n i t  r e f e r r e d  t o  as t he  Seabee Formation, and an 
o v e r l y i  ng sequence o f  i nte r t ongu i  ng mari ne and nonmari ne c l  a s t i  c  sediments. 
These nonmarine rocks  o f  t h e  C o l v i l l e  Group a r e  known as t h e  Pr ince Creek 
Formation and occupy a  small  area i n  t h e  v i c i n i t y  o f  Umiat. A t h i n  u n i t  of 
nonmarine rocks equ i va len t  i n  age t o  t he  C o l v i l l e  Group o v e r l i e s  t h e  
Nanushuk Group i n  t h e  western p a r t  o f  NPR-A a long t h e  lower  courses o f  t h e  
Utukok and Kokol i k  Rivers.  Known coa l  s  i n  t h e  Col v i l  l e  Group i n  NPR-A a re  
poorer  and l e s s  abundant than  coal  s  i n  t h e  Nanushuk; thus  no es t imates  of 
resources were made. 

S t r u c t u r e  

The major  s t r u c t u r a l  f ea tu res  o f  NPR-A a r e  shown i n  F igu re  3. I n  
general,  t he  s t r u c t u r e  o f  t h e  Cretaceous coa l -bear ing  and assoc ia ted  rocks  
i s  cha rac te r i zed  by f o l d i n g  and f a u l t i n g  a long east-west axes which 



paral 1 el the  Brooks Range, w i t h  the  i n t ens i ty  o f  deformation d i m i n i s h i n g  
northward away from t h e  mountains. T h e  topography of t he  f o o t h i l l s  b e l t  
r e f l e c t s  this folding and fau l t ing .  

Seismic da t a  ind ica te  t h a t  t h e  folding o f  the Nanushuk Group i n  the  
f o o t h i l l s  does not  continue w i t h  d e p t h  t o  t he  basal  Cretaceous rocks, 
indicat ing a regional dbcol 1 ement o r  detachment i n  t he  t h i ck ,  i ncompetent 
Lower Cretaceous shal e of t he  Torok Formation. The deformation of 
Cretaceous rocks was s l i g h t  i n  the coastal  p la in ,  result ing generally i n  
gent1 e open folding and 1 i t t l e  f au l t ing .  The Barrow Arch i s a s t ruc tu ra l  
high t h a t  pers is ted  through Cretaceous t ime, and Cretaceous rocks t h i n  onto 
i t s  f l a n k .  

COAL RESOURCES 

Coal Geology 

As noted above, the bulk of the  coal resources i n  NPR-A i s  -iin rocks o f  
the  Nanushuk Group. Nanushuk rocks a r e  among t h e  most s tudied i n  the  
reserve. Data  have come from exploratory petroleum t e s t  hol es , sei  smi c 
studies ,  logs of shallow seismic shotholes,  a n d  surface mapping i n  t h e  
f o o t h i l l s  b e l t  where exposures are present. 

Most Cretaceous coal -beari n g  format i  ons o f  the  western United S ta tes  
are interpreted a s  d e l t a i c  o r  paral i c  i n or igin .  The coal -bearing rocks o f  
the  Nanushuk Group are i n  a s imi la r  geologic s e t t i n g  and thus most l i ke ly  
have a s imi la r  origin .  

The isopachs of the  Nanushuk Group shown on Plate  1 are  modi f i ed  from 
Brosgd and Tai l l eu r  (P. 85, f i g .  16 ,  1971) and i l l u s t r a t e  the  regional 
wedge shape o f  this rock un i t .  I t  should be noted, however, t h a t  the  
coarsest nonmarine sediments and t he  t rend  o t  greatest thickness occur i n  
the proximal portion o f  the wedge; this i s  not the  normal d e l t a i c  pa t te rn  
i n  which the  coarses t  sediment and t he  t r e n d  o f  l e a s t  thickness occur i n  
the proximal portion. Also, the  th icker  Nanushuk coals are mainly present 
i n  the  middle and upper p a r t  o f  t h e  sequence and are widely separated 
s t r a t i  graphically from the  underlying margi nal -marine f a c i e s ,  indicating 
deposi t ion  considerably inland from the sea. T h i s  i s i n  con t ras t  t o  the 
Cretaceous d e l t a i c  and paral i c  coal s o f  t h e  western United S ta tes  which are 
normally found w i t h i n  t h e  f i r s t  30 m (100 f e e t )  o f  nonmarine section above 
the  marine fac ies  even though the  nonmarine rocks may be hundreds o f  meters 
th ick  (Weimer, 1977). The presence o f  th ick sandstone and conglomerate i n  
t h e  southern and southwestern borders o f  t he  Nanushuk Group reflects high 
stream gradients scarcely typ ica l  o f  del t a  associat ions.  Furthermore, the 
bentoni t i c  shales and c l  aystones, w h i c h  i ndicate volcanic a c t i v i t y  , and the 
conglomerates imply the  proximity t o  an orogeni c source. Downwarpi ng and 
sedimentation apparently took place concurrently w i t h ,  and  probably as a 
resul t o f ,  the  northward-di rected thrust faul t i n g  and up1 i f t i  ng t h a t  formed 
the  Brooks Range (Carter and o the r s ,  1977) .  Thus, rather than a d e l t a i c  
associat ion,  the coa ls  o f  the  Nanushuk Group appear t o  have been deposited 
i n  a broad piedmont plain between the  sea and elevated mountains, a 
depositional s e t t i  ng typical  o f  a c l  a s t i  c wedge associat ion.  



The Cretaceous Frontier Formation o f  Wyoming that  has been described 
by Krumbein and Sloss (1963) and others a s  a c l a s t i c  wedge e x h i b i t s  
1 i thofacies associations, regional geometry, and a tectonic set t ing 
general l y  analogous t o  tha t  of t h e  Nanushuk Group. The coal s of  the  two 
sequences would therefore be expected t o  be similar, and the available da t a  
seem t o  agree w i t h  t h i s  inference. The  stratigraphic distribution of coal 
i n  the Frontier Formation i s present mainly i n  t h e  middle  and t o p  parts of 
t h e  format ion (Glass, 19771, and areally t h e  thicker and more numerous 
coal s are present i n  the predominantly nonmarine f a c i e s  o f  the  formation, 
w i t h  thinner l e s s  numerous coals occurring in t h e  thinner more distal  
portions of the wedge where marine and nonmari ne rocks i ntertongue 
(Krumbei n and Sl oss, 1963). A s  t h e s e  are t h e  same regional re1 a t ionsh i  p s  
observed i n  the Nanushuk Group, t h e  more d e t a i l e d  knowledge o f  the Frontier 
Formation may provide a guide for  fu ture  coal exploration i n  NPR-A. 

The coal percentage contours ( p l  . 1) i 11 ustrate the areal d i  stri  bu t i o n  
o f  coal i n  the Nanushuk Group. The control fo r  t h e  coal percentage 
contours was deri ved by calculati  ng, from pub1 ished reports, the re1 a t i  ve 
percentage o f  coal i n  the Nanushuk Group a t  each test we1 1 and measured 
st ra t igraph ic  sect ion which contai ned a re1 a t i  vely complete and detailed 
s t r a t i  graphic  record o f  i n d i  v i  dual coal beds. Contouring of coal 
percentages was partly mechani cal and partly i nterpreti ve. Due t o  the 
scarcity of the control points, s t r i c t l y  mechanical contouring woul d 
probably n o t  reveal the coal distribution as well as  interpretive 
contour1 ng, which takes  into account probable sedimentation patterns 
discussed previously. 

A1 ong the northwest-trendi n g  be1 t o f  i ntertongui ng mari ne and 
nonrnarine rocks, the coal s were probably deposited i n coastal -pl  a i  n swamps, 
and strandplain-1 agoons. I n  t h i  s area,  the  coal percentage contours trend 
parallel t o  the  paleoshorel i n e ,  and t h e  zero contour marks the  approximate 
northeasternmost edge o f  shore1 ine retreat, beyond which t h e  Nanushuk Group 
i s predomi nantly m a r i  ne. I n general , t h e  1 ower coal percentages indicate 
deposi t i o n a l  envi ronments which were only marginal ly favorabl e t o  coal 
accumul a t i  on. However, 1 ocal 1 y f avorabl e condi t i  ons d i  d occur, a s  
demonstrated by the high coal percentage in the marginal marine rocks o f  
t h e  Tepagoruk t e s t  well. 

West o f  the paleoshoreline i n  the northwestern p a r t  o f  NPR-A, the 
depositional setting o f  the  bulk of the Nanushuk section probably consisted 
of a lower to middle alluvial plain consisting of a complex o f  s h i f t i n g  
d i  stri butary channel s ,  flood p l  a ins ,  and swamps. The vertical d i  stri bution 
of coal i n  the Nanushuk sequence indicates t h i s  setting was apparently the 
most favorable f o r  t h e  format ion  of coal swamps; areal l y ,  the  greater 
frequency o f  coal reported i n  the seismic dri 11 holes,  a s  we1 1 a s  the high 
coal percentages reported i n  the  Meade, Kaol ak and Kugrua t e s t  we1 Is, a1 so 
favor t h i s  interpretation. Thus, i n  t h i s  area the  coal percentage reaches 
a maximum, and t h e  contours are interpreted as trending s l ight ly  normal t o  
the deposi tional s t r ike ,  and para1 1 el to  t h e  probabl e major pal eodrai nage 
systems. 

Farther south and west i n  the foothills belt, nearer the sediment 
source where greater rates of subsidence and sedimentation occurred, 



condi t ions dur ing depos i t ion o f  most Nanushuk sediments were probably 1 ess 
favorable for coal  swamp format ion than t h e  1 ower t o  middle a1 luvia l  p l a i n  
b u t  were more favorable than i n  the coastal p l a i n  and strandplain- lagoon 
se t t ing .  I n  middle t o  upper a1 l u v i a l  p l a i n  environments, coal  swamps would 
be more subject  t o  t h e  de le te r ious  e f f e c t s  o f  contamination by 
sediment-laden water and t o  more f requent  f l u c t u a t i o n s  i n  the  water tab le .  
Coal percentages ca lcu la ted  from three s t r a t i  graphic sec t ions  i n  the 
f o o t h i l l  s are  l ower  and seem t o  suppor t  t h i s  inference,  a1 though t h e  lower 
percentage may be primarily a func t i on  o f  t h e  d i f f e rence  between subsur face 
and surface sampling techniques used i n  t h e  two areas and t h e  selective 
ef fec t  of the g rea te r  removal o f  the upper coa l - r i ch  sec t i on  by erosion 
w i  t h i  n the  f o o t h i  11 s, 

Coal Qua1 i ty 

The geographic d i v i s i o n  between bituminous and subbituminous coal 
shown i n  t h i s  r e p o r t  ( p l .  2 )  i s  based p r i m a r i l y  on recent  analyses o f  coal 
c u t t i n g s  from shallow holes d r i l l e d  f o r  seismic exploration. A northward 
s h i f t  i n  p l o t t e d  p o s i t i o n  o f  t h e  boundary considerably enlarges t h e  
b i  tumi nous-coal category from Barnes ' 1967 ca lcu la t ions.  Barnes had t o  
depend on weathered surface samples , which general ly  y i  el d 1 ower heat ing 
values than unweathered samples. Also, Barnes a t t r i b u t e d  t h e  increase i n  
rank i n  the f o o t h i  1 Is coals  p r i m a r i l y  t o  greater  deformation. Th is  i s  
probably t r u e  t o  some extent;  however, i t  i s  1 i k e l y  t h a t  higher 
temperatures, due t o  greater depth o f  burial and greater age, were 
s i g n i f i c a n t  in increas ing t h e  rank. The rocks exposed i n  t h e  f o o t h i l l  s are 
older,  and the o r i g i n a l  th ickness o f  rock  was probably greater  t han  f o r  t h e  
rocks exposed f a r t h e r  no r th  i n  the coastal  p la in .  

No at tempt was made t o  determine the v e r t i c a l  d i s t r i b u t i o n  o f  coal 
beds by rank; however, this  may be p o s s i b l e  a f t e r  pet rograph ic  rank 
determinat ions o f  organic matter from oil and gas t e s t  d r i l l i n g  t h a t  i s  
planned f o r  several l o c a l i t i e s  i n  NPR-A.  A v e r t i c a l  change i n  rank could 
account f o r  the  anomalously lower subbituminous heat ing va lues  o f  some 
samples occur r ing  i n  the  bituminous area i f  they were actually c o l l e c t e d  
s t r a t i  graphical  ly higher than most o f  the  b i  tumi  nous-heati ng-val ue samples. 
A p l o t  o f  t he  v e r t i c a l  (stratigraphic) d i s t r i b u t i o n  o f  coal rank, which 
will be poss ib le  a f t e r  more data are collected, may prove t o  be more use fu l  
than t h e  t e n t a t i v e  bituminous-subbituminous geographic boundary shown i n  
t h i s  report. 

Tab1 e 1 conta ins  some o f  the analyses o f  coal cu t t i ngs  from se ismic  
shothol es used i n determi n i  ng t h e  b i  tumi nous-subbi tumi nous boundary o f  t h i  s 
report. The shothole samples were c o l l e c t e d  under less than ideal 
condi t ions.  Faul t y  sampl i ng techniques o rd i  nari ly have a del eteri ous 
e f f e c t  on analytical resu l t s ;  therefore,  the  qua1 i ty of the  coal i s  
probably a t  l e a s t  as good as t h e  analyses ind ica te .  

Analyses w i t h  ash contents greater than 30 percent are  n o t  shown i n  
Table 1, However, f o r  these high-ash samples, coal rank (mo i s t ,  ash-free 
bas is)  was ca lcu la ted  t o  p r o v i d e  add i t iona l  data p o i n t s  f o r  the  
b i  tuminous-subbi tumi nous boundary determi n a t i  on shown i n P l  a t e  2. A 1  1 of 
the  analyses i n d i c a t e  t h e  coa l  i s  low i n  s u l f u r ,  w i t h  as-received samples 



TABLE 1 .--Analyses o f  coal  cu t t ings  from shallow seismic drill holes I n  NPR-A 

[Analyses by U.S, Department of  Energy; samples collected by U .S .  Bureau o f  Mines] 

Cal cul ated Yo1 a t f  1 e Fj xed 1 
Sarnpl e Laboratory M o i s t  Mineral - Free Condi t l on l  Moisture Matter Carbon Ash Sul fur Heatlng ) 

Locat ion Number Rank Heat ing  Va l  ue (8 tu )  o f  sample ( X )  (%) (%I  (%) I%) Value (Btu) 

T. 2 S . ,  R. 30 W .  K78882 Subbi tumi nous ( ?)  11,125 

T. 3 S . ,  R .  1 3  W .  K78889 Subbi tumi nous 7 0,425 

T. 3 S . ,  R. 17 W .  K78890 Bituminous 

P 
P 

3.  3 S. ,  R. 17  W .  K78891 8 i  tumi nous 

T .  4 S . ,  R. 12 W. K78776 B i  tumi nous 

T. 4 S . ,  8. 39 W .  K81746 Bituminous 

T .  4 S . ,  R.  39 W .  K81748 H i  tumi nous 

T. 4 S . ,  R .  40 W. K81753 B i  tumi nous 

T. 4 S . ,  R. 40 W .  K81754 Bf tumi  nous 



TABLE 1.--Analyses o f  coal c u t t i n g s  from shallow seismic drill holes fn NPR-A (continued) 

Cal cul a ted Volatile F i  xed 
Sampl e Laboratory Mofst  Minera l -Free Condl t ionl Moisture Matter Carbon Ash Sul fur Heating 

Location Number Rank % 

T. 5 S . ,  R.  16 W. K78864 Swbbi timinous 1 0,440 

T. 5 S., R.  17 W .  K78863 Subbi tumi naus 8,609 

T *  5 S., R 47 W. Kt31757 8S tumi nous 

P T. 2 N., R. 34 W .  K78885 Bi tumi nous 
IU 

T. 2 N . ,  R.  34 W .  K78886 B l  t umi  nous 

T. 2 N., R. 39 W. K78884 B i  turn! nous 

T. 4 N. ,  R .  28 U. K78881 01 tumi  nous 

T. 6 N., R.  21 W. K78867 0 i t umi nous 



TABLE 1 .--Analyses o f  coal cutt ings from shallow seismic d r i l l  holes i n  NPR-A (continued) 

Cal cul ated Vol a t i  1 e Fixed 
Sampl e Laboratory Molst Mineral-Free Conditionl Moisture  Mat ter  Carbon Ash Sulfur Heat ing 

Location Number Rank Heating Value (Btu)  of  sample ( % ) ( %) (%) (%) (%I  Value ( 0 t u )  

T. 8 N . ,  R .  16 U. K78869 Subbi tumj nous 10,140 

T. 8 N . ,  R .  16 W .  K78775 Su bbi t umi  nous 9,614 

T. 10 N . ,  R.  28 W .  K70231 Subbi tuminous 10,217 

T.  10 N . ,  R .  20 W. K702 32 Subbi tumi nous 

T. 10 N., R.  30 W .  K70241 Subbi tuminaus 

T.  11 N . ,  R. 28 W. K70233 Subbi tumi nous 

T .  11 N . ,  R. 28 W .  K70235 Subbi tumi nous 

T. 7 7  N a y  R. 30 W .  K70238 Subbi tumi  nous 

T. 11 N . ,  R, 30 W .  K702 39 Subbi tuminous 



TABLE 1 .--Analyses o f  coal c u t t i n g s  from shallow seismic dr i l l  holes i n  NPR-A (cont inued)  

Ca lcu la ted  V o l a t i l e  F ixed 
Sampl e Laboratory Mol s t  Mineral-Free Condition, Moisture  Matter Carbon Ash Sul f u r  Heating 

Locat ion Number Rank Heatjnq Value ( B t u )  o f  sample { %) (%I ( %) ( % )  ( $ )  Value ( ~ t u )  

T. 11 N . ,  R.  32 W. K78753 Subbi tumi  nous 11,330 

T. 12 N., R.  30 W. K702 36 Li gn4 t e  

T. 1 2  N., R.  30 W .  K70237 Subbi tumi  nous 

P 
& 

T. 13 N.,  R.  32 W. K78761 Subbi t urn1 nous 

T. 13 N. ,  R.  32 W .  K78762 Subbi tuminous 

T. 13 N. ,  R. 33 W. K78756 Subbi tumi nous 10,104 1 17.2  29.1 41.1 12.6 0.4 8,709 

1 .  1 - As-received 
2 - Moisture free 

3 - Moisture  and ash f r e e  



showing values o f  less t h a n  1.0 percent sulfur and  t h e  majority of the 
samples showing less than 0.5 percent sulfur. 

The bituminous coal s in Table 1 are a1 1 h i g h  vol a t 1  l e ,  ranging from A 
to C ,  and the coal s below t h i  s rank range from subbi tuminous A through C. 
I n  one case, an analysis yielded a l ign i te  A rank. 

Coal studies by the  U.S. Bureau of Mines (Warfiel d and Boley, 1969) 
and the U.S. Geological Survey (Callahan and Sloan, 1978) of the area 
between the western boundary o f  NPR-A a n d  Cape Beaufort indicate t h a t  the 
Nanushuk Group contains coking coals comparable i n  q u a l i t y  t o  coking coals 
of t h e  western United States. Additional study o f  bituminous coa l s  i n  
NPR-A w i  11 probably d i  scl ose coal s o f  metal 1 urgi cal qual i ty . 

Coal Classification System 

The coal resource classif icat ion system official  l y  adopted by the U.S. 
Bureau of Mines and the U.S. Geological Survey i s  a function of (1) the 
degree of economic feas ib i l i ty  and (21 the  degree o f  geologic assurance. 
Figure 5 shows the basic features of this system. A1 1 the coal i n  NPR-A i s  
now classif ied a s  subeconomic, and most, i f  not a l l ,  fa1 Is under the 
submarginal heading def ined  a s  resources which would require a p r i c e  more 
than 1.5 times t h e  current market conditions i n  order t o  be economic. 

In  terms of geologic assurance, the  coal i n  NPR-A fa1 1 s i n t o  both the 
i denti f ied and undi scovered categories. Identi f i  ed resources are defined 
by this sytem as resources "whose location, qual i ty ,  and quantity are known 
from geol ogi c ev i  dence supported by engi neeri ng measurements. I I  

Undiscovered resources i n  NPR-A fall under the hypothetical subcategory: 
"resources t h a t  may reasonably be expected t o  ex is t  in a known mining 
d i s t r i c t  under known geo log ic  conditions. " Although this area i s  n o t  
formally regarded a s  a mining  d i s t r i c t ,  small-scale coal mining operations 
have been conducted i n  the p a s t  in the  coastal  areas of northern Alaska, 
some by Eskimos and some for t h e  purpose o f  supply ing  coal t o  whaling 
ships. The regional geologic aspects o f  the Nanushuk Group are f a i r ly  well 
known. 

Identified Coal Resources 

Barnes ( 1967) estimated identified resources t o  be about 13 b i l l  i o n  
tons o f  bituminous coal and 110 bil l ion tons o f  subbituminous coal; 
however, he used less  res t r ic t ive  cri t e r i  a f o r  identified resources than 
allowed by the system subsequently adopted by the U.S. Bureau o f  Mines and 
the U.S. Geological Survey (1976). T h e  i d e n t i f i e d  resources tabu1 ated i n  
Table  1 ref lect  a readjustment of the resource figures o f  Barnes t o  comply 
with the  o f f i c i a l l y  adopted s t anda rds  p l u s  some additional d a t a  collected 
by the U.S. Bureau o f  lvlines a n d  U.S. Geological Survey i n  the Kokolik 
River-Elusive Creek area i n  the western part o f  NPR-A. For bituminous 
coal , the i denti f i  ed resources a1 so i ncl ude tonnages cal cul a ted  f rom 
seismic shotholes,  where any coal beds greater than, or  equal to ,  0.6 m 
( 2  feet)  i n  thickness were reported on the dr i l l e r s '  1 ogs, a1 though the 
speci f i c thi cknesses were n o t  noted. Therefore, these resources were 
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FIGURE 5.--Classification of mineral resources. 
(After U.S. ~ureau of Mines and U . S .  
Geological Survey, L976a, f ig ,  I.) 
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calculated on the b a s i s  o f  a 0.6-m (2-foot) thickness and represent a 
minimum f i g u r e .  Identified coal loca l i t i e s  are shown i n  Plate 2 .  

Due t o  the 1 arge e x t e n t  and volume of coal -bearing rocks i n  NPR-A, the 
amount o f  coal resources i s  probably quite large. However, the  subeconomic 
character of the resource, combi ned w i  t h  t h e  remoteness, harsh cl imate , 
scarcity o f  exposures, and subsequent h igh  cost of exploratory f i e ld  work, 
has resulted i n  a very sparse sampling of coal i n  the region. 
Consequently, the  present i dent i  f i  ed resources f i  gures probably do not 
real i s t ical  ly i ndi cate the  potenti a1 resource base of NPR-A. 

Undi scovered Coal Resources 

A real i s t i c  est imat ion  of potential coal resources in NPR-A must 
empl oy some method of est imat i  rig the undi scovered resources. Expl oratory 
petroleum test wells and a few stratigraphic sections tha t  are constructed 
from exposures and logs  o f  shallow sei  srnic shotholes i n  the  foothi l ls  
represent the only re1 atively compl e t e ,  detail ed s t r a t i  graphic records o f  
the Nanushuk Group i n  t h e  reserve. Estimates o f  undiscovered resources 
must, therefore, be based on these d a t a .  

For t h i s  report, the undiscovered hypothetical resources were 
estimated from the  map ( p l .  1) t h a t  shows the geometry and areal 
distribution o f  coal i n  the Nanushuk Group. Individual areas bounded by 
isopach and coal percentage contours were measured by planimeter, and the 
area was mu1 t i p 1  ied by t h e  average th ickness and  coal percentage t o  y ie ld  
coal volume. Resource figures were then derived by mu1 t i p l y i n g  coal volume 
by conversion fac tors  o f  0.147 tonnes/km2-m (1.13 mil 1 i o n  tons per square 
mile-foot) for subbi tumi nous coal and 0.149 tonnes/km2-m (1.15 m i  11 ion tons  
per square m i  1 e - f o o t )  for  bituminous coal . The resul t i  ng f i g u r e s  are shown 
i n  Table 2, 

The re1 a t i  ve vertical d i  s t r i  b u t i o n  o f  coal resources w i  t h i  n the 
Nanushuk Group, a s  shown i n the  d e p t h  column, was estimated by calculating 
the relat ive center  o f  gravity and standard deviation o f  the coal i n  each 
t e s t  well using t h e  methods o f  Krumbein and Libbey (1957). The center of 
gravity reflects  the re la t ive  weighted mean vertical position o f  coal i n  
the sectjon in terms o f  the  d is tance  above the  base o f  the Nanushuk Group, 
and the standard d e v i a t i o n  ind ica tes  t h e  relat ive vertical spread o f  the 
coal about the center o f  gravity expressed i n terms o f  a percentage o f  the 
t o t a l  thickness of the Nanushuk. The mean relat ive center o f  gravity and  
standard d e v i a t i o n  o f  75 and 15 percent, respectively, indicate tha t  coal 
i n  the  Nanushuk Group occurs primarily i n  the stratigraphic interval 
centered about three-fourths o f  the  way above t he  base a n d  spreads over 15 
percent o f  the total  section.  

The re1 a t 1  ve dl  stri  b u t i  on o f  the hypothetical coal resources by 
ind iv idua l  bed th ickness categories, a s  shown i n Table  2 ,  was estimated by 
calculating the percentage o f  the total  resource i n  each bed thickness 
category from t h e  identified resources i n Tabl e 1 a n d  applying t h i  s t o  the  
hypothetical resources. Data on di screte bed thicknesses f rom Tabl e 1 
represent the 1 argest sampl e ava i  1 abl e and shoul d provi d e  the  most re1 i abl  e 
e s t l  mate. 



TABU 2. -Est imates  of Coal Resources in NPR-A 

f QENTI FTED SUBECONOMIC RESOURCES 
( i n  milllons of  tons)  1 

UND f SCOVTREP HYPOTW ETTCAL RESOURCES 

( i n  bt114ons o f  tons) 1 

Depth ( f t 1 2  

0- 1 000 

1000-2000 

2000- 3000 

3000-4000 

4000-5000 

5006-6000 

To tat s 

tonne = (tons) x (0.9718) 

meters a (feet) x (0.3048) 
c m t i m t e r s  = (inches) x (2 .54)  

Cal cul ated us1 ng exact1 y 24 i nches 

B i  tumi no us Subbi tmi nous 

Bf tumi nous 

Depth (ft12 

0- 1 000 

1000-2000 

2000- 3000 

3000-4000 

Bed Thickness ( i n  inches) 3 

14-28 28-42 >42 - 

Subbf tminous 

Total  s 
Bed Thfckness ( i n  feet) '  

2.5-5 5-10 >I 0 

5 

I 

1,019 1,259 3,280 4,613 1 10,171 
1 

34 3 868 7,934 --- t 9,145 
t 

748 308 4,555 --- I 5,611 
I 

455 292 1,300 --- I 2,047 
1 

65 97 91 0 --- I 1,072 
I 

--I 65 --- --- 1 65 
1 

1 

2,630 2,889 17,979 4,613 "28,111 
1 

I 

Total  s 

14-28 28-42 >4 2 

i 
I 

4,945 7,420 2,055 I t4,QTO 
I 

1,434 4,096 1,248 1 6,778 
I 

96 29 IS I t 40 
I --- --I -- I --- 
I --- --- -- I --- 
I --- I-- --- I --I 

I 

t 

6,525 11,545 3,318 21,338 
I 

I 

Totals Total s 
(rounded) 2.5'5 5'Io >I 0 {rounded) 

1.6 2 . 9  ,8 r 5.4 
I --- --- --- I --- 
I 

I 

41 8 754 222 1 1,390 
I 

4000-5000 

5000-6000 

Tota ls  
4 rounded) 

C 

2.0 2.2 14.3 r 18.5 
1 

1.1 1 . Z  8.0 r 10.3 
I 

E 

207 226 1,450 1 1,880 
I 

I 

39.2 42.7 274 1 356 
t 

148 162 1,040 1 1,350 
1 

10.3 11.3 72.3 4 93.9 
I 

6.2 6.8 43.4 1 56.4 
I 

I 

241 434 128 r 303 
I 

143 258 76,3 r 477 
I 

23.1 41.5 1 2 . 3  I 76.9  
I 

9.5 17.1 5.0 r 31.6 
I 



I n  the b i tuminous  coal category ,  about  77 p e r c e n t  o f  the resources  are 
est imated t o  o c c u r  i n  beds more than  107 cm (42  inches) t h i c k ,  and 12 
p e r c e n t  and 11 percent a r e  e s t i m a t e d  t o  o c c u r  i n  beds 71-107 cm (28 t o  
42 i n c h e s )  and 36-71 cm (14 t o  28 inches) t h i c k ,  r e s p e c t i v e l y .  I n  the 
subbi tuminous category ,  about 54 percent o f  t h e  resources  are i n f e r r e d  t o  
o c c u r  i n  1.5 t o  3.05 m ( 5  t o  10 f e e t )  t h i c k  beds, 30 p e r c e n t  i n  0.8 t o  
1.5 m (2.5 t o  5 f e e t )  t h i c k  beds ,  and 16 percent i n  beds o v e r  3.05 m 
(10 f e e t ]  t h i ck .  Maximum r e p o r t e d  c o a l  bed thickness i n  NPR-A i s  about 
9-1 m (30 f e e t ) .  

Hypo the t i ca l  resources ( t a b l e  2) a r e  about  1.9 trill i o n  t o n s  of 
b i t um inous  c o a l  and about 1.4 t r i 1 1 j o n  t o n s  o f  subbi tuminous coa l ,  f o r  a 
t o t a l  of  3.3 tri 11 i o n  tons. O f  t h i s  t o t a l ,  more than 95 percent occurs a t  
depths o f  less than 914 m (3000 f e e t )  and 35 percent ,  o r  about  1.2 t r i l l  i o n  
tons,  occu r  a t  depths o f  305 m (1000 f e e t )  or less.  Assuming a 50-percent 
r e c o v e r a b i l i t y  f a c t o r  f o r  coa l  o f  minimum t h i c k n e s s  w i t h i n  305 m 
(1000 f e e t )  o f  t h e  su r face ,  recove rab le  resources  a r e  about 600 b i l l i o n  
tons, 

S i g n i f i c a n c e  o f  Hypothetical Resource Es t imates  

Es t imates  o f  undi scovered c o a l  resources  suggest  a p o t e n t i  a1 ly  1 arge 
resource base i n  t h e  range o f  t r i l l i o n s  o f  tons. Hypothetical coal 
resource  e s t i m a t e s  by o t h e r s  i n  northern Alaska  a l s o  range upward t o  a 
tri 11 i o n  t o n s  o r  more. Tai  11 eur and Brosge ( 1976) r e p o r t e d  h y p o t h e t i c a l  
resources  i n  n o r t h e r n  A laska  t o  be i n  the range o f  115 b i l l i o n  t o  3.7 
t r i l l i o n  tons.  Wanek and Callahan (unpub l i shed data,  1971) c a l c u l a t e d  
resources o f  970 billion t o n s  in NPR-A, 

A l l  o f  these resource  es t imates ,  as  well as those  o f  t h i s  report, a r e  
based p r i m a r i l y  on we1 1 r e c o r d s  o f  petroleum test holes.  U n f o r t u n a t e l y ,  
t h e  coal  i d e n t i f i c a t i o n s  i n  t h e  w e l l  records ,  as shown i n  t h e  p u b l i s h e d  
repor ts ,  a r e  based p r i m a r i l y  on i n t e r p r e t a t i o n s  o f  t h e  d r i l l  c u t t i n g s  o f  
the r o c k s  penet ra ted,  and i n  some i n s t a n c e s  the geophys ica l  l og does n o t  
show t h e  response c h a r a c t e r i s t i c  o f  coal .  Some coal i d e n t i f i c a t i o n s  i n  t h e  
w e l l  r e c o r d s  are  t he re fo re  suspect. 

I n t e r p r e t a t i o n s  o f  c o a l  bed thicknesses f r om d r i l l  c u t t i n g s  are prone 
t o  be exaggerated because coa l  t e n d s  t o  wash or cave more r e a d i l y  than 
o t h e r  l i t h o l o g i e s  i n  t h e  borehole. When a coa l  bed i s  p e n e t r a t e d  i n  a 
borehol  e ,  i t s  presence i s  i n d i c a t e d  by coal  appear ing i n  t h e  d r i l l  
cuttings. As t h e  d r i l l  b i t  cont inues th rough  a coa l  bed and p e n e t r a t e s  
underlying l i t h o l o g i e s ,  t h e  coa l  may c o n t i n u e  t o  appear i n  t h e  cu t t i ngs  and 
mask o t h e r  l i  t h o l o g i e s  because the c o a l  con t i nues  t o  cave f rom t h e  s i d e  o f  
the  hole. The r e s u l t  i s  a f a l s e  impression o f  the l o w e r  boundary of t h e  
coa l  bed. Th is  s i t u a t i o n  i s  o f t e n  aggravated by rapid  d r i l l i n g  r a t e s  and 
the  consequent l a r g e  sampling i n t e r v a l  s i n the  s h a l l o w  p o r t i o n  o f  h o l e s  
where the coa l -bea r ing  s t r a t a  occur. Consequently, these h y p o t h e t i c a l  coa l  
resource  e s t i m a t i o n s  may be t o o  high. 

Furthermore,  c a l c u l a t i o n  o f  more than 75 pe rcen t  o f  t he  resources  was 
based on r e s u l t s  from only two t e s t  w e l l s :  t h e  Meade No. 1 and Kaolak 
No. 1. Judged m a i n l y  f r o m  the response o f  t he  geophys ica l  l o g s  o f  these 



two we l l s ,  coal thickness may be exaggerated from f i v e  t o  e i g h t  times. 
T a i l l e u r  and Brosge (1976) suggested t h a t  t h e  exaggeration may b e  as much 
as twenty t o  seventy t imes based on amounts ca lcu la ted  from outcrop data. 

But, i n  our opinion, d i r e c t  comparisons w i t h  outcrops may be i n v a l i d  
for  two reasons. F i r s t ,  most o f  t h e  outcrops occur i n  the  f o o t h i l l s  where 
deposi t ional  envi  ronments may have been 1 ess favorabl e f o r  coal  
accumulation than i n  t h e  rocks under ly ing the coastal  p la in .  Second, coal 
percentage ca l  cul  a t i o n s  based on s t r a t i g r a p h i c  sect ions constructed from 
outcrop data contain a consi derabl e percentage o f  unsampl ed sect1 on where 
the rocks a re  covered by vegetation, so i  1 and o ther  s u r f i c i a l  mater ia l  , and 
automat ical ly  consider ing these t o  be barren o f  coal and inc lud ing  them i n  
the  s t r a t i g r a p h i c  sec t ion  may produce a negat ive b ias .  I f ,  as i n  t h i s  
report ,  these covered pa r t s  o f  t h e  sect ion are excluded from the 
s t r a t i  graphi c sect ions , re1 a t i  ve coal percentages ca l  cul ated f rorn outcrop 
data are on ly  from f i v e  t o  t en  t imes l e s s  than percentages repor ted i n  the  
Meade and Kaolak we1 1 s, a range compatible w i t h  t h a t  prev ious ly  ind ica ted  
from the i n t e r p r e t a t i o n  o f  the geophysical 1 ogs. Thus, coal resource 
est imates i n  Table 2, i f  reduced by a f a c t o r  o f  ten, should represent  the 
minimum resource f i g u r e  cons is ten t  w i t h  t h e  present data. 

CONCLUSIONS 

The i d e n t i f i e d  coal resources o f  NPR-A a r e  about 49.5 b i l l  i o n  tons, 
and, a r e  probably too small t o  g i v e  a rea l  i s t i c  i n d i c a t i o n  o f  t h e  p o t e n t i a l  
resources o f  an area so large.  Estimates o f  undiscovered coal resources 
based on c u r r e n t  data i n d i c a t e  hypothet ica l  resources o f  between about 330 
b i l l i o n  and 3.3 t r i l l i o n  tons, o f  which about 18 percent o r  60 t o  600 
b i  11 i o n  tons a re  i n f e r r e d  t o  be recoverabl e. 

The w i  de range o f  estimates o f  po ten t i  a1 undi scovered coal resources 
r e f l e c t s  t h e  sca rc i t y  and ambigui ty  o f  t h e  ava i l ab le  data. A reasonably 
accurate and rea l  i s t i c  appraisal  o f  the coal resources i n  NPR-A cannot be 
made w i  thout  ob ta in ing  add i t i ona l  re1 i a b l  e subsurface data,  p r i m a r i l y  from 
d r i  11 i ng and cor ing.  
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