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Alaska has large coal resources and a major portion of these l i e  on the  

Arctic North Slope. A project was i n i t i a t e d  wi th  the support of the U.S. 

Department of Energy t o  conduct a reconnaissance petrological survey of the 

Northern Alaska f ie ld ,  i n  order t o  get  a bet ter  idea of the potential  fo r  

liquefaction of the coals. Approximately 300 samples of coals were collected 

from surface outcrops, diamond d r i l l  holes, auger holes, seismic shot holes 

and o i l  exploration t e s t  w e l l s ,  from a 10,000 square mile area. A camgmrison 

of v i  t r i n i t e  reflectance w i t h  other analytical  data showed that outcrop 

samples, auger hole samples and seismic shot hole samples from a depth legs 

than 40 feet  are oxidized, and vi t r ini te  reflectance would be better criterion 

for rank determination than the other parameters. Coals from Tunalik test 

w e l l  gave a satisfactory correlation of moist, mineral-mat ter-f ree heating 

I value with depth, whereas reflectance values showed wide scatter. The 

macerals counted for  quantitative petrology were ulminite/vit t inite,  

pseudovitrinite, gel ini te ,  phlobaphinite, pseudophlobaphinite, sporinite, 

resinite, cutinite, alginite, exsudatinite, thick cutinite, suberinite, other 

l i p t i n i t e s  (including l ip todet r in i te )  fusini te ,  semifusinite, macrinite, 

gld>ular macrinite, inertodetrini t e  and sclerotinite. 

Trend surface analysis showed t h a t  coals with the highest reflectance, 

lowes t ine r t in i t e  andh ighes t l ip t in i t e  l i e  i n  the foo th i l l s  region. Some 

samples i n  the Cape Beaufort region had ine r t in i t e  concentrations up t o  50 

percent. Reflectance and microhardness data are presented for various mac- 

erals for the twelve representative coals from the st* area. 
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Introalction 

This study is a reconnaissance petrological investigation of coals from 

the Northern Alaska coal field. Samples are  taken from a 10,000 square mile 

area, and results represent samples f ram al l  regions. The principal objec- , 

tives are: 

a. Determination of rank from vi t r ini te  reflectance. The majority of sam- 

ples  a re  from outcrops and shallow d r i l l  holes and a re  subject t o  ! 
weathering . 

b. Determination of regional variation in  rank in  terms of vi t r ini te  reflec- 

tance, indicative of regiondl tectonic settings. 

c. Evaluation of maceral composition t o  delineate seams r ich i n  reactive 

macerals that would make feed stock for liquefaction. 

d. Regional evaluation of concentrations of reactive and inert  macerals in 

coals. 

e. Evaluation of coal petrology as an indicator of environments of coal 

despasi tion. 

f . Determination of the variability of reflectance and microhardness of the 

principal macerals within the same sample and between samples of varvinq 

rank as an aid i n  the interpretation of coal liquefaction yields. 

m e  OoUecticm 

Coal i n  northern Alaska (Figure 1) occurs i n  two sedimentary rock se- 

quences, the Nanushuk group of Early t o  L a t e  Cretaceous age and the Colville 

group of Late Cretaceous age (Callahan 1980, Chapman and Sable 1960). Figure 

2 is a generalized fac ies  diagram of Cretaceous rocks i n  the Utukok-Corwin 

region by Chapnan and Sable (19601. 

Most of the samples used i n  t h i s  investigation were collected between 

1967 and 1980 by the U.S. Geological Survey, Anchorage, under the direction of 
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Mr. James E. Callahan. The study area reaches from the foo th i l l s  of the  

Delong Mountains t o  the Arctic Ocean. Most of the sampling locations l i e  

between K u k  River and the Chukchi Sea, although a few are spread as far east 

a s  Umiat (Figure 3). There is no surface transportation and the  helicopter 
\ 

was the principal access t o  the sampling locations. Methods of sample collec- 

t ion included: 1) sampling of surface outcrops, 2) diamond d r i l l  cores, 3) 

auger holes, 4) seismic shotholes drilled primarily for o i l  exploratian pro- 

grams and 5) o i l  exploration test wells. 

Plate 1-1 shows sampling by auger, Much of the terrain in  the study area 

is gentle and the coal outcrops are  hidden by tundra ccwer. The best obsem 

able evidence of outcrops is coal powder produced when ground squirrels dig 

into the coal seam for a home. Coal seams are preferred as  they are easier t o  

dig than associated rocks, l be  coal dust can be seen from a helicopter. Coal 

dug by ground squirrels may be seen i n  the foreground of the photograph (Plate 

1 1  The Auger holes a r e  located close enough t o  the  subcrop revealed by 

ground squi r re ls  so tha t  the auger can penetrate the t o t a l  thickness of the 

seam. Maximum penetration depth for  the  auger is approximately 35 feet. 

Chemical analyses of most of the samples were done by the  U.S. Dept. of 

Energy; much of the analytical data were published as  U,S. Geological Survey 

open-file reports and publications (Callahan et. all 1969, 1971, Callahan 

1975, Callahan and Sloan 1978, Martin and Callahan 1978, and Callahaa and 

Martin 1980). These are includOd here for the sake of ampletenem and ready 

availability for the user of' this report (Ilables 4 through 19). The data are 

recalculated and presented on an equilibrium moisture basis for proximate and 

ultimate analyses. Volatile matter and fixed carbon are presented on a dry, 
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Plate I 

1. Auger sampling of coal seams by U.S. Geological Surveys 
crews in the National Petroleum Reserve in Alaska. Coal 
dug by ground squirrels may be seen in the foreground, 
and is used to locate outcrops hidden under the tundra 
from the air. 

2. Leitz Orthoplan microscope with MPV-3 system. 
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mineral-matter-free (Mm-free) basis, and heating value on a moist, mineral- 

matter-f ree basis, fo r  ready comparison t o  ASTM rank parameters. Such 

comparisons a r e  only feasible  for  f resh samples obtained from deep d r i l l  

holes. Surface samples and certain auger samples and seismic shot holes too 

close t o  the surf ace (< 40') would l ike ly  have low heating value due t o  

weathering. Reflectance would still be usable a s  a guide t o  rank for  these 

coals, as it is generally accepted that vi t r ini te  reflectance is influenced 

only t o  a minor extent by weathering, but severely effects the heating value 

of coals (Stach, 1982). Table 1 shows a comparison of various rank parameters 

and ASTM rank classification. This  chart  was prepared using Stach (19821, 

Tables 4 and 4a except mean reflectance values were converted t o  maximum 

values using ICCP handbook rank, Figure 4. I t  is of par t icular  value as a 

guide for  assigning apparent rank for  weathered outcrop samples using 

vi  t r in i te  reflectance. 



Table 1 Comparison of Various Rank Parameters to a ASTM Rank Classification. 

Source: Coal Petrology, E. Stach (1982). p. 47 and ICCP handbook (1963). Rank Fig. 4. 
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Previous Inveetigatio~ls 

Coal was mined i n  this region for whaling ships a s  early as 1879 (Schro- 

der 1904, p, 109). AJ. Collier (1906) made a reconnaissance study of coastal 

coal bearing areas i n  1904. Detailed exploration began after  the establish- 

ment of naval petroleum reserve No. 4 (Now National Petroleum Reserve - Alas- 

ka) i n  1923. Since then several  U.S. Geological Survey f i e l d  p a r t i e s  have 

worked i n  t he  region and have had t h e i r  r e s u l t s  published, such as Paige, 

Foran and Gil lu ly  (19251, Smith and Mertie (1930). The most comprehensive 

descr ipt ion of the  geology of the  region was presented by Chapman and Sable 

(1960). Between 1966 and 1980 the  U.S. Geological Survey and the  U.S. Bureau 

of Mines undertook extensive investigation of the coal deposits of the region. 

These included sampling of coals from the Kukpowruk River exposures, Corwin 

Bluff, Lagoon, Ikikileruk Creek, Akulik Creek, and the Cape Beaufort region by 

d r i l l  holes and auger holes; and the Kuk, Utukok and Kokolik river regions by 

auger hole and shallow seismic shot holes. U.S. Bureau of Mines contributions 

included investigations by Tongues and Jolley (19471, dri l l ing and sampling of 

coal  beds by Warfield (1966) and by Warfield and Boley (1969). The 1972 

d r i l l i n g  of Cape Beaufort coals was a col labotat ive  e f f o r t  of Callahan and 

Warfield. Earliest petrological investigations of Northern Alaska coals were 

done by Dutcher, Trotter and Spackman (1957). These included coals from Meade 

River, Kuk River and Umiat. Rao (1980) gave deta i led petrology, mineralogy 

and chemistry of raw coals and float-sink products of 1972 Cape Beaufort d r i l l  

samples, and Rao and Wolff (1980) gave data fo r  ce r t a in  raw coals including 

seams from Mead River and Wainwright and of the washability products. 



scmI2lS- 

Samples were crushed t o  minus 20 mesh and made into duplicate one-inch 

diameter pellets using epoxy binder. The pe l l e t s  were polished using a 30 

micron metal bonded diamond l a p  followed by a one micron and a .05 micron 

alumina slurry. 

The reflectance of v i  t r  i n i  t e  (pseudovitrinite excluded) w a s  determined 

using ASS! standard procedures, using an orthoplan microscope equipped with an 

MW-3 photametry system, a peak reader and a motorized stage attachment Blate 

1-21. In general a 5 um square sensing field was used for a l l  macerals w i t h  

the exception of c u t i n i t e  where a rectangular aperture is used t o  f i t  the size 

and shape of the maceral i n  the f i e l d  with the stage locked i n  one position. 

The illumination field was closed down t o  130 um. 

The maceralanalyses of the samples were done by point counting duplicate 

pellets, using ASTM standard procedures. Normal incident l ight illumination 

was used for huminite and inertinite macerals. The pellets were again counted 

using blue-light excitation for the fluorescent l ipt ini te  macerals. The Leitz 

orthoplan micrawope was equipped with an ultra-high pressure lOOw mercury arc 

lamp, a heat absorbing f i l t e r ,  a red suppression f i l t e r  (BG381, and a blue- 

l i g h t  excitation f i l t e r  (86121, ver t ica l  illuminator f i t t e d  w i t h  a TK510 

dichroic beam splitter, followed by a suppression f i l t e r  (K530). 

Vicker's microhardness was determined using a Leitz Microhardness Tester. 

A weight of 50 pounds w a s  used for all measurements. 

Photographs of the samples were taken using a Leitz vario-orthomat photo- 

micrography system, using a 35 mm camera with Tri-x pan f i lm for black and 

white and Ecktachrome 400 film for color photography of fluorescent macerals. 



A 50x o i l  objective was used for most of the photographic work and a 20x o i l  

objective was used i n  cases where larger structures needed t o  be presented. 

pfMaceralsang_TheirClasslflcation . . 

Coals i n  the  study region range i n  rank from subbituminous B t o  high 

volat i le  A bituminous, w i t h  most of the samples fal l ing within a v i t r in i te  r e  

flectance range of 0.50 t o  0.90 (Figure 5). Of all the sixteen regions i n  the 

study area only two areas, i.e., Tunalik test well  and Peard Bay t e s t  w e l l  

sample contained subbituminous coals and samples f r m  a l l  other areas can be 

c l a s s i f i ed  as bituminous coals. Even those coals  t h a t  may be classed as 

bituminous f rm their  v i t r in i te  reflectances have recognizable phlobaphinite 

and suberinite (may be lacking fluorescence) usually associated with l ignites 

and subbituminous coals. Petrological descriptions follow ICB (1963, 71, 76) 

and Stach's textbook of Coal Petrology (1982) with a few exceptions a s  noted 

(Table 2). 

Pseudwitrinite has a l l  the characteristics outlined by Benedict and h i s  

collaborators (19681, and dif fers  from v i  t r i n i t e  by its higher reflectance, 

slightly curved s l i t - l i k e  opaings indicating the presence of ce l l  structures, 

and the stepped boundaries of the grains. 

In the iner t in i te  group, macrinite occuring a s  rounded globules is signi- 

f i can t ly  d i f f e r en t  from macrinite without a form. The globular material 

(Plate VIII-5) was counted separately, and is termed globular macrinite (Rao, 

1980). In the liptini te group, exsudatini te, a highly fluorescent material, 

occurs as secondary f i l l ings  i n  f usinites (Plate IV-11, semif usinites, part- 

ings  etc. In  general, exsudatini te exhibited very br ight  fluorescence (in 

contrast t o  resinitel ranging from pale yellow t o  bright gold or orange gold. 

Resinites on the other hand had duller brown t o  yellowish brown fluorescence 

(Plate IV-6). The samples i n  the study area had a significant concentration 
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Table 2 Maceral Classification for Northern Alaskan Coals 

Low Rank 
.1 Classification Coal 

Bituminous 
- Classification I ~acriniteoccursasamorphousgelif iedmaterial  

binding such macerals as sporinite enclosed 
within it. Macrinite can also occur as iso- 
lated angular or rounded particles with irreg- 
ular shapes and distinct boundaries. 

Maceral Class Maceral Maceral Macera 
o for this study Tvne I Groun 

telinite 
k m o -  ulminite vitro- 
telinite 
I vitrinite 
humo- ', elo- 
detrinite collinite Q) 

2 Globular macrinite occurs as isolated spher- 
ical particles or as an agglomeration of 
particles, that are usually associated with 
vitrinite and frequently display oxidation 
rims, dessication cracks or differential 
canpaction. They are also associated with 
semifusinite and can be found filling cell 
lumens. 

3 Exsudatinite occurs as fillings of small 
cracks or partings within the bedding planes 
of the vitrinite, or as cell lumen fillings 
in semifusinite and fusini te . Exsudatini te in 

Classification applicable to all Coals 
fluorescence light exhibits a variety of color 
from pale yellow to a bright gold or an orange 

) Maceral IMaceral Class 1 gold. Maceral 
Group 

Q) 
t' 
.rl 
E 

.rl 
t' 

k 
E 

r l  

a 

resinite 

Q) +J 
.rl 
C 

Maceral Class 
for this study 

fusinite 

semifusinite . 
macrinite 1 

globular 
macrinite 2 

inertodetrinite 

sclerotinite . 
micr ini te 

D 

Group 

strongly folded. Sane thick cutinite exhibiG 
multiple layers. In fluorescent liqht thf ck 
cuticles emnit a bright yellaw color similar 
to the color of fluorescing alginite. 

.rl I 'I hick cutinite 

for this study 

sporinite 

5 Other liptinites include liptodetrinites and 
5 other liptinitic materials such as waxes, fats 

and oils that cannot be identified under one 
of the other liptinite classes. 

4Thick cutinite occurs as wide, banded lenses 
with thick cuticular ledges, and are usually 



of thick walled cutini te that is considerably thicker (amroximately 20 t o  30 

microns) than normal t h i n  walled c u t i n i t e  (1-2 microns thick). These were 

termed t h i c k  cutinite. They had very bright yellow fluorescence (Plate 111-2) 

similar i n  visual color and intensity t o  alginite (Plate 11-81. Reflectance 

of t h i s  thick c u t i n i t e  has been found t o  be considerably lower than t h a t  of 

normal c u t i n i t e  and is comparable t o  t he  reflectance of a lgini te .  For 

example, for sample SS-67-10 from KUkpo~rUk, reflectance of the three macerals 

were: cu t in i t e ,  0.3 percent, thick cu t in i t e ,  0.1 percent and a lg in i t e ,  0.08 

percent (Table 3). A l l  material counted as suberinite did not show f luores- 

cence and the  c l a s s i f i ca t ion  was based on morphology. Any fluorescing 

material that could not be classified under any of the l i p t i n i t e  macerals is 

grouped under t he  category "other l i p t i n i t en .  Due t o  lack of fluorescence 

spectral data, positive identification of f luorinite and bituminite could not 

be made and are probably counted under exsudatinite or other l i p t i n i t e  group. 

Analyses of Corwin Bluff coals are  shown i n  Table 4. Sample no's. SS 70- 

17 thru 33L are from the Thetis mine and samples SS 70-73 thru 88 are from the 

Corwin mine. A l l  samples were from surface outcrops and the heating values 

would not  t r u l y  r e f l e c t  the  rank of the  coal. The highest  moist, Mm-free 

heating value of t h i s  group of samples is 13,197 Btu/lb obtained fo r  SS 70- 

W73. This sample had a f r e e  swell ing index (F.S.1.) of 1.5 and was the  only 

sample i n  this group that showed agglomeration Mean maximum reflectance of 

v i t r i n i t e  i n  o i l  (Vmoil) is shown in  Table 20, indicating that the coals range 

i n  apparent rank from high v o l a t i l e  C t o  B bituminous. Sample 70-W73 has a 

reflectance of .69%, which c lear ly  places it i n  high v o l a t i l e  B bituminous 



Plate I1 

Sporinite, cutini te and alginite i n  fluorescence 

1. Sporinite (s) embedded i n  v i t r in i te  (v). Cape Beaufort coal 
(UA 87). 

2. Same as l., but taken under blue - l ight  excitation. 

3. Cut ini te  (c) and spor in i te  (s) i n  v i t r i n i t e  (v). 
Utukok River coal (630 SP 413) . West 

4. same as 3., but taken under blue - l ight  excitation. 

5. Cut ini te  (c), spor in i te  (s) and ine r tode t r in i t e  (i) i n  
v i t r in i te  (v). Kukpowruk River coal (SS 67-81. 

6. Same as 5., but taken under blue - l ight  excitation. 

7. Alginite (a) i n  v i t r in i te  (v). Cape Beaufort coal (UA 83). 

8, ~ m n e  as 7., but taken under blue - l ight  excitation. 

9. Alginite (a) i n  v i t r in i te  (v). Cape Beaufort coal (UA 87). 

10. Same as 9., but taken under blue - l ight  excitation. 

Photomicrographs 1, 3, 5, 7, 9 taken i n  normal incident  l i gh t ,  
o i l  immersion, width of f i e ld  140 microns. 



Plate I! 

Sporinite, cutinite and alginite in fluorescence 



Plate I11 

Thick cutinite and sporinite ' in fluorescence 

1. Sporinite (s) derived from megaspore exine i n  v i t r in i te  (v) 
with embedded sporinite (s). Kukpowruk River coal (SS 67- 
5) . 

2. Same as I., but taken under blue - l ight  excitation. 

3. Thick cutinite (tc) i n  v i t r in i te  (v). Kukpowruk River coal 
(SS 67-81 . 

4. Same as 3., but taken under blue - l ight  excitation. 

5. Thick cutini te (tc) showing thickened n in te rce l lu la rn  pro- 
ject ions and v i t r i n i t e  (v). West Utukok River coal  (R5XN 
SP368) . 

6. Same as 5., but taken under blue - l ight  excitation. 

7. Thick cutini te (tc) showing thickened n in te rce l lu la rn  pro- 
ject ions and v i t r i n i t e  (v). Kukpowruk River coal  (SS 67- 
10). 

8. Same as 7., but taken under blue - l ight  excitation. 

9. Thick c u t i n i t e  ( tc)  i n  v i t r i n i t e  (v). Elusive Creek coal  
(AH 37-78 upper . 

10. Same as 9., but taken under blue - l ight  excitation. 

Photomicrographs are taken i n  normal incident light, o i l  immer- 
sion. Width of f i e ld ,  Figures 3 - 350 microns, Figures 1, 5, 7, 
9 - 140 microns. 



Plate Ill 
Thick cutinite and sporinite in fluorescence 



Plate IV 

Exsudatinite and resinite 

1. Exsudatinite (el f i l l i n g  c e l l  lumens i n  semifusini te  (sf )  
from Corwin Bluff coal (SS 70-328) 

2. Same as l., but taken under blue - l ight  excitation. 

3. Fusinite (f) c e l l  lumens f i l l e d  by v i t r i n i t e  (v) and 
e x s u d a t i n i t e  (e l ,  v i t r i n i t e  w i t h  s p o r i n i t e  (s) and 
inertodetrinite (i). Archimedes Ridge coal (133X SP 431). 

4. Same as  3., but taken under blue - l igh t  excitation. 

5. Resinite (r) and v i t r in i te  (v) from Kukpowruk River coal (SS 
67-91. 

6. Same as 5., but taken under blue - l ight  excitation. 

7. Exsudatinite (el i n  ulminite (u) from Peard Bay T e s t  Well 
(135-145 ' 1 . 

8. Same as  7., but taken under blue - l ight  excitation. 

9. Resinite ( r )  and exsudatinite (el i n  v i t r in i te  (v) from West 
Utukok River coal (R 5XN SP 340). 

10. Same as 9., but taken under blue - l ight  excitation. 

Photomicrographs (1, 3, 5, 7, 9) taken i n  normal incident light, 
o i l  immersion, width of f i e ld  140 microns. 



Plate IV 
Exsudatinite and resinite 



Plate v 
Cutinite, thick cutinite and resinite 

1. Sporinite (s) and inertodetrinite (i) and micrinite (mi) in 
vitrinite (v). Kukpowruk River coals (SS 67-41. 

2. Cutinite (c) , corpocollinite (cc) in vitrinite (v). Cape 
Beaufort coal (UA 82). 

3. Cutinite (c) with long cuticular ledges and sporinite (s) 
and liptodetrinite (lp) in vitrinite (v). West Utukok River 
coal (630 SP 413). 

4. Cutinite (c) and sporinite (s) in vitrinite (v). Lookout 
Ridge coals (R7XN SP 488). 

5. Semif usinite (sf), macrinite (m) , inertodetrinite (i) 
sporinite (s), cutinite (c), and resinite (r). East Simpson 
test well #2 (87343-45'). 

6. Corpocollinite (cc) , desmocollinite (dc) and sporinite (s). 
~00kout Ridge coal (R 7XN SP 531). 

7. Thick cutinite (tc) in vitrinite (v) with inertodetrinite 
(i) and resinite (r). Kukpruk River coal (SS 67-8). 

8. Thick cutinite (tc) in ulminite (u). Corwin Bluff coal (SS 
70-328). 

9. Resinite (r) in ulminite (u) with sporinite (s). Corwin 
Bluff coal (SS 70-30D). 

10. Resinite (r) in ulminite (u) with sporinite (s). Corwin 
Bluff coal (SS 70-32C). 

Photomicrographs are taken in normal incident light, oil immer- 
sion, width of field, Figures 1, 2, 3, 4, 5, 6 - 140 microns, 
Figures 7, 8, 9, 10 - 350 microns. 



Plate V 
Cutinite, thick cutinite and resinite 



Alginite, resinite and cutinite 

1. Alginite (a) embedded i n  v i t r i n i t e  (v) with sernif us in i te  
(sf) showing differential campaction. Central Utukok River 
coal (725 SP 230). 

2. Alginite (a) ernbedded i n  vi t r ini te  (v). Elusive Creek coal 
(AE 37-78 upper). 

3. Alginite (a), sporini te  (s) and iner todetr ini te  (i) i n  
ulminite (u) . Kuk River coal (712 SP 11). 

4. Alginite (a), sporini te  (s) and sc le ro t in i t e  (sc) embedded 
i n  vitrinite. Central Utukok River coal (725 SP 230). 

5. Thick cu t in i t e  (tc) embedded i n  v i t r i n i t e  (v). Cape Beau- 
f o r t  coal (AEI 73-29). 

6. Thick cutinite (tc) and sporinite (s) embedded i n  vi t r ini te  
(v) . Elusive Creek coal (7e35). 

7. Thick cu t in i t e  (tc),  r e s in i t e  (r), and iner tadet r in i te  (i) 
i n  vitrinite. Kokolik River coal (AH 21-78) . 

8. Thick cu t in i t e  (tc),  and cu t in i t e  (c) i n  v i t r i n i t e  (v). 
ape Beaufort coal (AE 73-29). 

9. Sporinite (s) i n  v i t r i n i t e  (v). Central Utukok River coal 
(725 SP 230). 

10. Sporinite (s) and iner todet r in i te  t i )  i n  v i t r i n i t e  (v). 
Archimedes Ridge coal (137X SP 666). 

Photomicrographs a re  taken i n  normal incident l ight ,  o i l  
h e r s i o n ,  width of f ie ld 140 microns. 



Plate Vi 
Alginite, resinite and cutinite 



Plate VII 

Hdnite and Vitrinite 

1. Ulminite (u) showing higher reflecting cell walls while cell 
lumens are filled with laver reflecting corpohuminite, m d  
Bay test well coal (190-2001), 

2. Ulminite (u), corpocollinite (cc) and sporinite (s) in 
vitrinite (v). West Utukok River coal (725 SP 135). 

3. Telinite (t) with cell lumens filled with low reflecting 
corpocollinite (cc). Cape Beaufort coal (ISl 72-U). 

4. Vitrinite (v) and low reflecting corpowllinite (a). Elu- 
sive Creek cual C1S35). 

5. Inertodetrinite (i) and sporinite (s) in ulminite (u) and a 
stem or root section showing corpohuminite (ch) cell f il- 
lings and subernite (sb) cell walls. Carwin Bluff coal (SS 
70-W80), 

6. Corpohumini te (ch) cell fillings and suberinite (sb) cell 
walls. TLlnalik test well coal (225-735'1. 

7. Corpocollinite (cc) and suberinite (sb) in vitrinite (v) . 
Elusive Creek coal 08-35). 

8. Corpocollinite (cc) and suberinite (sb) in vitrinite (v). 
Kokolik River coal (As-2l-78). 

9. Corpohuminite (ch) and porigelinite (pg) cell fillings and 
suberinite (sb) cell walls. Tunalik test well coal (225- 
735') 

10. Gelocollinite (gc) and corpocollinite kc). Kokolik River 
coal (AH-1-79). 

Photomicrographs taken in normal incident light, oil immersion, 
width of field. Fig. 5 is 350 microns and all others are 140 
microns. 



Plate VII 
Huminite and vitrinite 



Plate VIII 

Globular macrinite 

1. Semifusinite (sf) of varying reilectances and vi t r ini te  (v). 
Cape Beaufort ooal (UA 82) . 

2. Semif us in i te  (sf and v i t r i n i t e  (v) with sporini te  (s) and 
iner todetr ini te  (i). Central Utukok River coal (725 SP 
222) . 

3. Macrinite (m) and vi t r ini te  (v) with sporinite (s) and t h i c k  
cutinite kc). Central Utukok River coal. (725 SP 222). 

4. Macrinite (m) and v i t r i n i t e  (v) (showing differential coxn- 
paction) with sporini te  (8) and thick cu t in i t e  (tc). Cen- 
t r a l  Utukok River coal (632 SP 383). 

5. Macrinite 0 i n  vi t r ini te  (v) ahowing differential crampae 
tion and displaying cuncentric growth rings. Central Utukok 
River coal (632 SP 383). 

6. Macrinite (m) in vi t r ini te  (v). Cape l d o r t  cral UB 73- 
29) . 

7. Globular macr in i t e  (gm) and p o r i g e l i n i t e -  (pg) wi th  
semifusinite (sf). Kuk River coal (712 SP 11). 

8. Globular macrinite (gm) with oxidation rims and dessication 
cracks. Central Utukok River coal (725 SP 2163. 

9. Globular macrinite (gm) i n  ulminite (u). Kuk River coal 
(703 SP 98) 

10. Globular macrini t e  (gm) showing d i f ferent ia l  compaction. 
Elusive Creek coal (137X SP 808). 

Photomicrographs taken i n  normal incidents light, o i l  immersia, 
width of field 140 microns. 



1 late Vlll 
Glob lar macrinite 



Plate M 

Macrinite and globular macrinite 

1. Vitrinite (v) with inertodetrinite (i) macrinite (m), c o r p  
collinite (cc) and sporinite (s). Central Utukok River coal 
(632 SP 383). 

2. Vitrinite (v) with inertodetrinite ti), macrinite (m) , 
sporinite (s) and corpocollinite (cc). Central Utukok River 
coal (725 SP 222). 

3. Ulminite (u) with dessication cracks. Peard Bay test well 
coal (345-350'). 

4. An agglomerate of globular macrinite (gm) with mineral mat- 
ter (mm). ape Beaufort coal (UA 84). 

5. Semifusinite (sf) with globular m9crinite (9) and vitrin5te 
(v) with sporinite (s) and inertodetrinite (i), Kokol&k 
River coal (AH W-78). 

6. Vitrinite (v) with thick cutinite (tc), -8pkinite (81, 
exsudatini te (el and iner todetr inite (i) . . Central Bgqkok - 
River coal (632 SP 389 

y -w7 - , -*,-:,.: ;' 7'&%Jg T g  ;r, 7e Pus-te (& 3 g*4&+r";nia& 

coal (225-735'1. . 

8. ?usinite (f), globular macrinite (gm) and g e ~ m l i h ~ t f h  
(gc). Cape Beaufort coal (AH 73-61, 

9. Macrinite (m) , gelocollinite (gc) , corpocollinite (cc) 
inertodetrinite (i) and sporini te (s) . Elusive Creek c-1 
(632 SP 321). 

10. Globular macrinite (gm) of varying reflectance8 with gelo- 

- i 

width of fiad-140 microns 



Plate IX 

Macrinite and globular macrinite 



Plate X 

Fusinite and semifusinite 

1, Semifusinite (sf) fran Kdtolik River coal (MI-21-78) 

2. Semif us in i te  (sf with gelocol l ini te  (gc). Elusive Creek 
coal (605 SP 331). 

3. Semif us in i te  (sf with gelocol l ini te  (gc). West Utukok 
River coal (R5XN SP 368). 

4. Vi t r in i te  (v) with semifusinite (sf), sporini te  (s) and 
exsudatinite (el, Central Utukok River coal (725 SP 222). 

5. Fusinite (f) w i t h  exsudatinite (el. Archimes Ridge coal 
(133 SP 431). 

6. Pusinite (a with exsudatinite (el. Kokolik River coal CkEI 
21-78) . 

7. Fusinite (f) with bogen s t ructure and exsudati~%%e b l .  
Elusive Creek coal (137X SP 745). 

8. Semifusinite (sf) and fus in i t e  (f) with bogen structure. 
Lookout Ridge coal (R7XN SP 531). 

9. Fusinite 0 and semifusinite (sf). ape Beaufort 
84). 

10. Semif us in i te  (sf) and exsudatinite (el. Central Utukok 
River coal (725 SP 216). 

Photomicrographs taken i n  normal incident light, o i l  immersion, 
width of field 140 microns. 



Plate X 
Fusinite and semifusinite 



mate M 
Fusinite, pyrite and pseudovitrinite 

Ulminite (u) cell walls a l te red  t o  form micrini te  l i k e  
material, some of the  cell lumens a r e  f i l l e d  with yellow 
fluoresing ex~udatinite (el. ICuk River coal (602 SP 152). 

Fusinite (El with bogen s t ructure and exsudatinite (el. 
Kukpowruk River coal (SS 67-91, 

Semifusinite (sf), globular macrinite (gm) and asui3atinite 
(el f i l l ing  cell lumens. Elusive Creek coal (632 SP 321). 

Vitrinite (v) and non-fluoresing mineral matter (mm). Cape 
Beaufort coal (UA 84). 

pyrite (py) and sporinite (s) in  vi t r ini te  (v). W e s t  Utukok 
River coal (RSXN SP 368). 

Globular sclerotinite bodies kc) with mineral 'matter (stria) 
f i l l ing  cell lumens and vi t r ini te  (v). Kukpawruk River coal 
(SS 67-91. 

Semfiusinite (sf) w i t h  exsudatinite (el fillJsvg cell lumens 
and cracks in vi t r ini te  (v) . Cape Beaufort coal ,(DB 72-11), 

Mineral matter (mm) i n  semifusinite W), Umitdte (u) and 
pseudopblobaphinite (pp) . Oomin Bluff coal (SS-70-32~). 

Pseudovitrinite (pv) with setated edges and slits. Cape 
Beufort (UA 83). 

Pseudovi t r i n i t e  (pv) showing higher reflectance than the  
associated vi t r ini te  (v) with sporinite (s). Cape Beaufort - 
coal (uA 83). .*.+ 

.,.- .-v- - -<m 4:q -  ,' - * . ,  :); .;-*. 
. . 5" .(,F.F...-: 

Photomicrographs taken i n  normal incident light, - o i l  hersion,  
width of f ie ld ,  Figures 9, 10 - 350 microns, all others 140 
microns, 



Plate X I  
Fusinite, pyrite and pseudovitrinite 



rank. Other coals with reflectance l e s s  than .6% would be high vo la t i l e  C 

bituminous rank. Samples from the Corwin mine, (SS 70-W73 t o  88) were 

slightly laver in  rank compared t o  thoee from the metis mine (SS W17 t o  33L) 

(Figure 28). 

Proximate and ultimate analyses of Cape Beauf o r t  (Figure 29) coals are 

shawn in  Table 5. Vitrinite reflectance CVmoil) values are shown in Table 2l. 

The reflectance values seem t o  indicate that the coals range in  rank from high 

volatile B t o  A bituminous. The moist, Mm-free heating values do not reflect 

this. All the samples reported here mcept M 72-ll) were obtained by auger 

holes. Since the maximum depth t o  which the auger holes can be d r i l l e d  is 

l imited t o  about 35 f e e t  and weathering e f fec t s  the  heating value of coals 

down t o  a depth of 25' t o  301, it is best t o  preclude the use of heating value 

of shallow samples as a parameter for rank determination of the deeper parts 

of the coal (Callahan, 80, p 49-51). Analyses of samples obtained during the 

1972 drilling program (Callahan, 80) gave moist, Mm-free heating value (for 

low ash f l o a t  products) were mostly i n  excess of 14,000 B t d l b  or s l igh t ly  I 

lower (Rao, 80) indicating t h a t  the  general rank of these coals was a t  the 

border of high vo la t i l e  B and A rank. The reflectance values (Table 21) 

ranging from 0.61 to 0.87 percent appear to support this. 

Proximate and ultimate analyses of Kukpawruk coals (Figure 30) are p r e  

sented in  Table 6. Table 22 shows vi t r ini te  reflectance values. Samples SS 

67-1, 2, and 3 were obtained from a tunnel and the  remaining were surface 

samples. The tunnel samples had moist, mm-free heating values camparable t o  

d r i l l  samples of the s a m e  seam and were the  least weathered of the  group. 



Only one sample had a heating value high enough t o  be classed as high volatile 

A bituminous. The reflectance values, however, indicate that samples SS 67-1 

through 8 a r e  probably equivalent t o  high vo la t i l e  A bituminous, whereas 

samples located further north i.e., SS 67-9 through 12 would more likely be of 

high volatile B bituminous rank (Figure 30). 

Most of the coals in  this group were collected during drilling for -is- 

m i c  shot holes (Figure 31). The samples were separated a t  1.62 specif ic  

gravity to r m w e  extraneous rock particles (Callahan, 80, p. 49) the depth of 

the sample could vary from a few f e e t  below the surface t o  as much a s  100 

feet. %he coals sampled along seismic l ine 725 (Figure 31) are of lower rank, 

high vo la t i l e  C bituminus. The coals sampled further south, along seismic 

l i n e  5 X N a re  of high vo la t i l e  B t o  A bituminous rank (Reflectance, Table 

23). Only one sample i n  t h i s  group showed heating value i n  excess of 14,000 

Btu/lbo Even the shot hole samples seemed t o  have suffered loss  of heating 

values due t o  weathering. Sample depth interval data for most oi the samples 

in th i s  group, which would have served as a guide for assessment of weathering 

effects, are not available. 

. J  ;: + :p$+rnt?$1] 
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Sampling of this group of coals was done both by auger holes and seismic 

shot holes (Figure 32 upper half). Sample UA-126 was a channel sample of an 

outcrop on Kokolik River. Many of the  samples from seismic shot holes gave 

moist, Mm-free heating values i n  excess of 14,000 Btu/lb; Auger hole and 

outcrop samples, however, generally ranged between 10,500 t o  12,000 Btu/lb 

with only a f e w  samples exceeding t h i s  value (Table 8) indicating tha t  

weatherinq significantly effects the coal samples obtainable by auger holes. 

V i t r i n i t e  reflectance (Table 24) showed a majority of the sample would 



probably be high volatile B bituminous rank. Sample -26, a surface sample 

collected by the senior author, i s  clearly high (0.96% R max) compared t o  

others i n  the region. 

Table 9 shows proximate and ultimate analyses of samples from Archimedes 

Ridge (Figure 32, lower half). Samples designated with prefix GI the surface 

samples, had moist, Mm-free heating values ranging from 11,222 t o  13,826 

Btu/lb. However several seismic shot hole samples had higher than 14,000 

Btu/lb. Reflectance values of these coals (Table 25) clear ly place the  

majority of them in high volatile A bituminous rank. The coals in  this region 

had the highest reflectance rank of a l l  the coals i n  the  study area (East 

simpson test well excluded). In the axial zone of Archimedes Ridge Mticline 

and cl- t o  the sampling locatim there are several folds, the limbs of which 

generally dip 15O but in place dip as much as 35O. There are  areas where the 

limbs d ip  as much as 85O indicating possible faul t ing (Chapman and Sable, 

1960, pe 140). 

J 2 l u & k . .  

The Elusive Creek coals were sampled both from seismic shot holes and 

auger holes (Figure 33). Reflectance rank (Table 26) indicates that most of 

the coals f a l l  in  high volatile B bituminous rank. A few cuals had higher or 

lower rank than this. Analysis of the coal data presented in  Table 1,0 ahows 

t h a t  seismic shot hole samples generally agree with t h i s  conclusion, with 

moist, ash-free heating values exceeding 13,000 Btullb. and in cases exaeeding 

14,000 Btullb. Shot hole mnples collected from shallow depths, i.e., samples 

605 SP 307 and 605 SP 342 gave heating values l e s s  than 12,000 Btu/lb. The 
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same is true for moat of the auger hole samples. sample UA-125 was a channel 

sample of an outcrop on Elusive Creek. 

Most of the samples in  this  group are located along the seismic l ine 632 

(Figure 33). There is a general trend of decreasing reflectance (Table 27) 

northward and a range i n  rank from high vo la t i l e  A t o  B bituminous. Only a 

few of the samples i n  t h i s  group showed heating values greater than 13,000 

Btu/lb. (Table 11) indicating the greater e f fec ts  of weathering on these 

samples. 

Two samples, R3XNSP 390 and 397 located near the northeast corner of 

Figure 34 appear t o  be of f a i r l y  low rank. Reflectance data (Table 28) 

suggest subbituminous A rank while analyt ical  data (Table 12) suggest even 

lower rank, subbituminous C. The low heating values a re  a t t r ibutable  t o  

abnormally high equilibrium moisture, and the suggested rank for  these two 

coals is subbituminous A t o  high Volatile C bituminous, - 
All the samples were collected along the seismic l ine R7XN (Figure 35). 

Samples a t  the southern end of the l ine are of high volatile B bituminous rank 

(Table 13). The rank decrease northward very rapidly t o  subbituminous A a t  

the northern end of the seismic line. Reflectance data are presented in  lable 

29. -- 
Moist, Mm-f ree heating values show a gradual increase w i t h  depth. 

Heating values increase from 10,134 Btullb for sample a t  depth interval 220' 

t o  3001, t o  12,209 Btu/lb for  the deepest sample collected between 2,580- 



2,600' (Table 14). V i t r in i t e  reflectance a l so  showed a trend of general 

increase i n  reflectance w i t h  depth (Table 30). The rank increased from 

subbituminous B for the sample closest t o  the surface t o  high volatile C a t  a 

depth of 2,600'. 

Figure 4 shows increase of rank with depth, expressed as a function of 

carbon content, vi t r ini te  reflectance and heating value of samples from the 

Tunalik test w e l l ,  Heating values showed excellent correlation with depth (r 

= 0.98). Carbon content was a fairly good indicator. Reflectance w a s  least  

satisfactory,  and i l l u s t r a t e s  the  need t o  develop a l te rna te  petrographic 

cr i ter ia  for determining rank of outcrop samples. 

lsukJum 
Kuk River coals (Figure 37) are generally of low ash (Table 15). Al- 

though the two available heating values indicate the rank to be subbituminous 

B, reflectance seems t o  indicate that a l l  coals sampled are of subbituminous A 

rank (Table 31). -- 
Samples of coal from the Peard Bay Test W e l l  (Figure 38  were obtained t o  

a depth of 800'. Heating values showed a gradual increase with depth W l e  

16) whereas vi t r ini te  reflectance (Table 32) failed t o  show a simUar trend, 

~ f l e c t a n c e  values ranged from 0.51 to  0.58 percent. lhis shows, a t  least  i n  

this case, the superiority of heating value wer vi t r ini te  reflectance as an 

indicator of the diagenetic stage of coal. This suFgorts views generally held 

on t h i s  subject and underlines the  need t o  develop a l te rna te  petrographic 

c r i t e r i a  such as fluorescence spectra of l i p t i n i t e ,  i n  order t o  be able t o  

accurately evaluate the diagenesis of weathered low rank coals from petro- 

graphic data. 
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Figure 4 Increase of Coal Rank with Depth, expressed as a Function of Carbon Content, 

,. 7 
- Vitrinite Reflectance and Heating Value of Samples from Tunalik Test Well. 
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The coal sample from t h i s  t e s t  well (Figure 39) was very high i n  ash 

(Table 17) and ASTM rank determination from such analytical data would not be 

accurate. Reflectance value of 1.11 percent (Table 33) places the  rank of 

this coal a t  the border between high volatile A bituminous and medium volatile 

bitminous. 

tnniat 

The coal sample from U m i a t  (Figure 40) is high volatile B bituminous in 

rank, a s  indicated by its heating value (Table 18) as w e l l  as reflectance 

(Table 34). 

IkDikwk 
Coal f ram Ikpikpuk (Figure 41) is of lower rank than Umiat coal and is of 

subbituminous B rank. Wlectance data are presented in  Table 35, 

C a n c l u s i a n s ~ ~ a B P n k P f ~ s a r m j l e s  

Outcrop samples, auger hole samples (maximum depth 35' from surface) and 

seismic shothole samples from less than 40' depth are l iable to be oxidized, 

and heating values of such coals cannot be used f o r  rank determination. In  

such cases vi t r ini te  reflectance w a s  found t o  be the m o s t  suitable criterion 

for rank determinatian. For low rank coals (R max o i l  <0.6) vi t r ini te  reflec- 

tance w a s  inadequate to accurately define rank For weathered surface samples 

reflectance is still the best available means for rank, 

~ o g y  of VBriars -tie6 

Petrographic characteristics of Northern Alaska coals are summarized i n  

Figures 5, 6, 7 and 8, a s  histograms showing the frequency dis t r ibut ions of 

v i t r i n i t e  reflectance and the concentrations of maceralgroups, v i t r i n i t e ,  

inertinite and liptinite. M o s t  of the samples l i e  within a reflectance range 
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Figure 5 Frequency Distribution of Reflectance 
for the Coals from Northern Alaska. 
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Figure 6 Frequency Distribution of Vitrinite 
for the Coals from Northern Alaska. 
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Figure 7 Frequency Distribution of lnertinites 
for the Coals from Northern Alaska. 
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Figure 8 Frequency Distribution of Liptinites 
for the Coals from Northern Alaska. 
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(E max) of 0.51 t o  0.87 with 0.69 t o  0.71 a s  modal values. The frequency 

distribution of vi  t r in i te  concentrations (Figure 6) shows positive skewness, 

indicative of the general observation that these coals more often have high 

concentrations of v i t r in i tes .  The frequency dis t r ibut ions of i n e r t i n i t e  

(Figure 7) and l i p t i n i t e  (Figure 8) display negative skewness showing t h a t  

these two maceral groups tend t o  have lower concentrations i n  the coals 

studied, Excluding s tat is t ical  outliers, inertinite ranges up t o  38 percent 

and l ipt ini te  ranges up t o  10.5%. The modal value for inertinite is 8 to  10% 

and for liptinite, 4 to 4.5%. These histograms present a generalized picture 

of the en t i r e  population studied. A more specif ic  discussion of the 

characteristics of individual localities w i l l  follow. 

I r. 

-'*I 

Corwin Bluff coals are quite variable in  petrology (Table 36). Concen- 

tration of inertinite macerals ranged from a law of 1.9 percent t o  a high of 

36.1 percent Liptinite macerals varied similarly from a low of 15 percent 

t o  a high of 10.0 percent. Bigh inertinite concentrations are found i n  SS 70- 

31, 32 and 33U while l ipt ini te  concentrations varied from a high of 10 percent 

for sample no. SS 70-28 t o  a low of 1.5 percent for SS 70-33M. 

Coals from this region have been the most thoroughly investigated of a l l  

the coals i n  the study area. The coals i n  general a re  high i n  ine r t s  (Table 

36, Figure 14). Semif us in i te  is the principal i n e r t i n i t e  maceral i n  these 

coals. Most samples contain significant amounts of fusinite, macrinite and 

inertodetrinite. Samples that a t e  low in  semifusinite have high cmcentra- 

t i o n s  of psuedovi t r in i te .  Ex in i t e  concent ra t ion  i n  these  c o a l s  is 

characteristically law, ranging from none (< .la) t o  a high of 5.2 percent. 



These coals are particularly high i n  macrinites. Several samples had 

significantly high concentrations of globular macrinite (5.9 percent in  sample 

AH-73-31 A). This sample also had the highest concentration of inertodetrio 

n i t e  (15.7%). High iner t in i te ,  particularly f usinite,  is indicative of 

charring, oxidation, mouldering and fungal attack of plant material  before 

deposition, and the presence of macrinite signifies the oxidation effects upon 

a strongly gelified plant material (Stach, 1982, p 281). 

A 21 foot coal seam on Kukpowruk river has been the subject of intensive 

study. F i r s t  investigation of coals i n  t h i s  region was undertaken by JoSm 

Robbins and Associates, Inc., for  Morgan Coal Company. They drove a 70 foot 

a d i t  and took a f a i r l y  large sample for  testing. Morgan Coal Co. is still 

investigating the commercial f eas ib i l i ty  of development of the  deposit. 

Warfield et. a1 (1960) sampled the 21 foot  coal seam i n  the  a d i t  and found 

that the top portion had poorer d i n g  qualities campared t o  the bottom por- 

tion; t h i s  was a t t r ibuted  t o  the e f fec t s  of weathering. Callahan et. a1 

(1969) sampled the lower 5 f t. (SS-67-11, Middle 5 f t. (88-67-21, and top 5 

f t. (-7-3). Free swelling indices of the three samples were 6 for lawer  5 

feet ,  2-1/2 for middle, 5' and 1-1/2 for  top 5 f t .  (Rao, 1975). Zt can be 

seen from figure 16 that the difference i n  free swelling properties is at t r i -  

butable t o  differences i n  the  petrographic composition of the coals. 

Concentrations of inertinite for the three samples are: lower, 5.4%, middle, 

20.8% and upper 35.0% respectively (Figure 8). In order t o  obtain a fresh 

sample Warfield et. a 1  (1969) d r i l l e d  four holes. I n  a l l  d r i l l  holes the 

lower half gave an FmS.1. of 4-1/2 while the upper half gave 2 t o  2-1/2. 

Since these samples were from a depth of 200 f e e t  below the surface and 

unweathered, the differences were not due to  weathering effects. A comparison 



of ultimate analyses and heating values of Cdllahanls samples from the adi t  

(Callahan et. al, 1969) and Warf ie ld ls  d r i l l  hole samples (1969) were alike 

and showed tha t  weathering did not af f ect the  a d i t  samples. Lower moist- 

mineral matter free heating values of some of the other outcrop samples re- 

f lect  effects of weathering of these surface samples (Table 6). 

The concentration of psuedovitrinite in  the Kukpowruk River samples is 

quite high, m a s t  samples having in  excess of 13.0 percent Crslble 38). Lip t i -  

nibs i n  these coals are low, ranging from 1.9 t o  6.7 percent. 

~ u t u k o k  

Sample No1& 725 SP 63, 66, 69 and 77, a l l  located along the seismic l ine 

725 (Figure 31) showed similar petrographic composition (Table 39). Coslcen- 

tration of semifusinites ranged from 12.1 to 14.6 percent, the highest of a l l  

the samples in  the region. These four samples had the highest tutal inerti- 

nites and lowest l ipt ini tes  (Figure 20). All of the samples along the seismic 

l ine R5XN contained same concentration of exsudatinite, and lower concentra- 

tions of semifusinite (2.5 to  7.6 percent) and fusinite (1.5 to  4.6 percent). 

Kokolik- 

Coals from 'the Kokolik River region showed extremely varied concentra- 

t ions of i n e r t i n i t e  a s  well a s  l i p t i n i t e  macerals (Figure 18, Table 40). 

Ine r t in i t e  macerals ranged from a low of 0.4 percent t o  a high of 31.3 per- 

cent. The Lip t in i te  content i n  these samples ranged from 1.8 percent t o  a 

high of 11.6 percent in  sample number R5msp462, which contained the highest 

concentration of cutinite (2.4 percent). The two samples with wer 11 percent 

l i p t i n i t e  were a lso  very low i n  iner t in i te ,  indicating a w e t ,  reducing 

environment and lower pH level, resulting in  preservation of liptinite, which 

was not so for the majority of the coals of the study region. 



ArchinredesRidae 
Archimedes Ridge coals are, in general, of highest rank of a l l  the coals 

i n  the study region, indicating the i r  deepest burial  before the i r  u p l i f t  t o  

the i r  current position a t  the foo th i l l s  of the Brooks Range. Ine r t in i t e  

showed a very wide range of concentrations from a low of 0.2 t o  a high of 40 

percent (Figure 19). Semifusinfte and f llsinite are  the principal inertinite 

macerala Liptinite concentration is quite low, ranging from 0.2 to  8.3. %e 

principal l ipt ini te  is resinite and i n  most samples exceeds every other lipti- 

ni te  maceral W l e  40). lhese coals generally have a fairly high amcentra- 

tion of paeudovitrinite. 

JslMhCreek 

Most of the Elusive Creek coals have a fairly low concentratian of l ipti-  

n i t e s  (Figure 21). Only a small portion of the samples exceeded 5 percent 

l ip t in i t e .  Most of the sample contained thick cu t in i t e  and exsudatinite. 

However, resinite and sporinite were the principal liptinites PiWle 42). the 

i n e r t i n i t e  was of intermediate concentration, ranging from 1.4 t o  33.4 (18 

percent of this being fusinite). A l l  samples from seismic l ine 632 amtained 

exsudatinite and alginite and were generally high in  pseudophlobaphinita 

GenbalUtukdrRiver 

Lip t in i te  and i n e r t i n i t e  concentrations i n  coals i n  t h i s  region were 

qu i t e  variable. Coals along seismic l i n e  725 had a lower concentration of 

ine r t in i t e s  a s  w e l l  a s  l i p t i n i t e s  compared t o  those of seismic l i n e  632. A 

majority of the samples along t h i s  seismic l i n e  (632) had f us in i te  as the 

principal i n e r t  maceral (Figure 22). In  a majority of the sample, thick 

cutinite exceeded normal thin walled cutinite W l e  42). 
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~ U t u k o k  

Samples along seismic l ine 603 (Figure 34) had very low inertinites and 

high l i p t i n i t e s  (Figure 17). Sample number R3XNSP449 had an unusually high 

l i p t i n i t e  maceral content (18.5 percent), and 11.3 percent of t h i s  was 

sporinite ( W l e  44). This sample had the highest exsudatinite concentration 

(3 percent) supporting the suggestion that this maceral originated f ram the 

other primary liptinites. 

The coals from Lookout Ridge (Figure 35) had a medium range of concentra- 

t ion  of l i p t i n i t e s  ranging from 2.4 t o  8.0 percent, and i n e r t i n i t e  ranging 

f ram 3.5 to 24.8 percent (Figure 23). Sample R7XNsp531 had an unusually high 

concentration of 2 percent thick cutinite (Table 45). Fusinite, semifusinite 

and inertodetrinite are a l l  equally distributed in  these coals. Same samples 

in  this group were unusually low in  pseudwitrinite and a t  the same time high 

i n  iner todetr ini te  and l ip tode t r in i t e  (under other l iptinite) indicative of 

degradation due possibly t o  the transportation that these macerals might have 

undergone. - . * 1:. -.: L 
,,l, 0. 

The coals f r m  'IUmlik Test W e l l  (Figure 36) had intermediate levels of 

concentrations of l ipt ini tes  and inertinites (Figure 24). Resinite w a s  by far  

the most abundant of the liptinites, whereas fusinite w a s  the most abundant of 

the inertinite group of macerals, W l e  46). Samples toward the top of the 

tes t  well, from 220 to 490 feet, showed high concentratian of inertodetrinite 

and liptodetrinite (as other liptinites) indicative of a changing enviroinnent 

and eventual cessation of deposition of coal. Compared t o  other samples i n  

the study area, p s e e i t r i n i t e  conceqtration is generally low. 
!$ , c-2 



mRiver 
Kuk River coals (Figure 37) had low l i p t i n i t e ,  ranging from 1.3 t o  6.0 

percent and high iner t in i te ,  ranging from 5.4 t o  53 percent (Figure 25). 

Sporinite is the  principal l i p t i n i t e  (Table 47). Thick cut ic les  a r e  rare. 

Semifusinite was the principal i n e r t i n i t e  maceral. Sample 712SPll with 

highest i n e r t i n i t e  had 36.6% semifusinite, 2.7% globular macrinite and 8.4% 

inertodetrinite,  All of these were i n  the  highest concentration of a l l  the  

Kuk River coals sampled. 

PeardmTestWell 

'Ihe coals from the Peard Bay Wt W e l l  (Figure 38) are generally high i n  

vitrinite, with intermediate concentration of l ipt ini te  (2.8 to 7.6 percent) 

and lower inertinites (0.9 to 11,O percent) (Figure 26, Table 48). 

(Figures 27, 39. 40 & 41) 

The East Simpem Test Well sample had an unusually high concentration of 

resinite (6.6 percent). Semifusinite was the principal inertinite. Inertode- 

t r in i te  was in  fairly high concentration (83 percent) W l e  49). 

Coal f ram U m i a t  had very low inerts (Table 50). Fusinite is the princi- 

pal inertinite maceral in  Ikpikpuk coal, The principal l iptinite is resinite 
- r 

(Table 51). ~ C T ,  

Trend surface analysis was done fo r  v i t r i n i t e  reflectance (Figure 10) , 
inertinite concentration (Figure 11) and liptinite concentration (Figure 12). 

These analyses were conducted on statist ically valid samples using Surface 11, 

a computer software system, andanHP7221plotter, Trendsurfaceanalysis 

consists of f i t t ing  a 3rd degree polynamial equation of the geogramc coordi- 



nates t o  a th i rd  variable, such as reflectance, using a method of least 

squares. These values are then graphically depicted by contour lines. 

Samples included i n  trend surface analysis were either surface or near 

surface d r i l l  samples. Test well samples were excluded from this analysis. 

Reflectance curves i n  Figure 4 show an increase i n  reflectance from 0.50 i n  

the NE t o  0.80 i n  the SW, indicating several thousand f e e t  greater depth of 

burial, uplift  and erosion in  the foothills than i n  the coastal plains. 

Figure 13 by Callahan (1980) is a block diagram of principal depositional 

environments, influencing the distribution of cual facies during deposition of 

the Nanushuk group, and trend surface analysis supports the ideas presented in  

the diagram. 

Figure 11 shows a general trend of low i n e r t i n i t e  i n  the  coals of the 

footh i l l s ,  i.e., those tha t  have been buried by gradual and continuous 

subsidence apparently maintained a higher water table that preserved reactive 

macerals, This is i n  contrast  t o  coals of Cape Beauf o r t  and the coastal  

plains that  are  high in  inert  macerals resulting from lowering of the water 

tab le  by several tens of feet ,  exposing the peaty material  t o  dry oxidizing 

conditions. Trend surf ace analysis of l i p t i n i t e  (Figure 12) shows a higher 

concentration of liptinite toward the foothills region, coinciding with a low 

concentration of inertinite. 

mflectaxxx and H i c c O b a r ~  ab Hacerals 

Table 3 and Figure 9 shows the variation of reflectance and microhardness 

of macerals for 12 coals that vary in  vi t r ini te  reflectance from 0.55 to 0.86 

percent. The large range of reflectance and microhardness f o r  i n e r t i n i t e  

macerals is obvious. Any prediction of coal liquefaction yields, based on 

concentration of i n e r t i n i t e  for  these coals, needs t o  take in to  account the 

role of lower reflecting, and possibly reactive, inertinite macerals. 



7 .F f .:--- 
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Table 3 Maceral Reflectance and Vickers' Microhardness Analyses for Representative Coal Samples 

632 SP400 ii .Bg 
8 .050 

137xSP808 ii .76 
s .040 

725 SP216 ii .73 
a -03 

86 70-80 ii -61 
s .04 

R7xNSP428 ii .76 
a .OM) 

Psard Bay ii .56 
345-350 s .ow 

Tunallk ii .55 
470-480 e . a 5  

Tunallk i .62 
2480-2490 e ,080 

AH 73-29 ii .88 
s .05 

AH-74-8C i .75 
r .03 

OH-7el1 i .65 
a .04 

SS87-10 z . 7 0  
s .04 

R - lker end -ximum reflectance I n  o i l  percent 
VtJ - Vlclcerlr alcrohnrdneas 

x - Morn 
8 - 8tmderd dnviatton 

Number o f  wraurennts  - Reflectance v l t r t n l t r  100, a11 c t b m  60. Wlerohardness v i t r l n f t e  30, a l l  others 26 or Less. 
No standard deviatlcn man calculated for the on66 mlth Lass than 26 ueeuremnntr. 



MEAN MAXIMUM REFLECTANCE, PERCENT 

Figure 0 Diagram Showing the Ranges of Microhardness and Reflectance Value of Major 
Macerals in Twelve Selected Coals. 









Figure 13 BLOCK DIAGRAM OF PRINCIPAL DEPOSITIONAL ENVIRONMENTS 
INFLUENCING THE DISTRIBUTION OF COAL FACIES DURING DEPOSITION 

OF THE NANUSHUK GROUP. 



The microhardness and v i t r i n i t e  reflectance data from the  twelve 

representative coal samples were campared with similar data from other US, 

coals used by Davis (1978, Fig. 17) t o  demonstrate the variation of 

microhardness with respect t o  vi t r ini te  reflectance. Ten of the twelve d 

samples compared favorably with those coals used by Davis, and f e l l  within the 

established limits, but SS 70-80, a surface sample and DR 72-11, a drillhole 

sample exhibited higher microhardness values than t h e i r  re lated v i t r i n i t e  

reflectance values would imply. This abnormality cannot be related t o  

weathering since one is a weathered surf ace sample and the  other is a fresh 

d r i l l  core sample, and therefore would more likely represent an extention of 

the l i m i t s  of the microhardness values. 

~ ~ o b N O e t h e n A l a s l c a G D a l 8  

Extensive investigations conducted, Davis, Spackman and Given, (1976) a t  

the Pennsylvania State University on the correlation of coal characteristics 

t o  liquefaction yields have concluded the existance of a linear relationship 

between concentration of total reactive macerals ( v i t r i n i t e  and exnite) and 

percent conversion. Conversion is also strongly influenced by rank as w e l l  as 

geological province a s  shown by Yarzab, Given, Spackman and Davis ( 

Davis et. a1 (1976) suggest t h a t  coals ranging i n  v i t r i n i t e  reflectance 

(R max) from 0.5 t o  1.0% and containing an excess of 70% of t o t a l  reactive 
I maeral (volume percent m i n e r d l  contain basis) are  predicted t o  have a p t i m u m  

liquefaction yields. Most of the coals i n  the study area meet the  rank 

c r i t e r i a  and majority of them w i l l  meet t o t a l  reactive macerals criteria. 

Concentrations of t o t a l  reactive macerals i n  northern Alaska coals varied 

widely from a low of 47 percent t o  a high of 99 percent. However, Cape 

Beaufort coals are generally lower in  total  reactive macerals than those coals 

from the Utukok River and Archimedes Wdge areas. The coals from these two 



weas would therefore be preferable as feed stock for coal liquefaction. 

detailed petrological informatian present i n  this report would be Bf special I 
significance for preliminary screening of the coal seams for consideraticrr etas 1 
liquefaction feed stocks. 

A reconnaissance ~ e t r o l o u i c a l  investiaation of Northern Alaska coals 8[ 

a) Vitrinite reflectance of m a s t  of the coals in  the study area ranged 
k 

from 05 t o  0.9 percent. Rank indicated by moist, mineral-matter-free heating 

values as  campared t o  rank indicated by vi t r ini te  reflectance revealed that 8 
t many of the auger hole samples and seismic shot hole samples taken from less 

than 40' depth were weathered. This is in  support of conclusions reached by 

Callahan and Martin (1980). 

b) Coals i n  the foo th i l l s  reaion are of hiahest rank. i-e.. have 5 

highest 

~ - 

Ice. 

- -. 

ate 

-.. 

bur j 

and erosion i n  t h i s  region, and t o  a lesser  extent possible thermal e f fec ts  

associated with the tectnics  and up l i f t  of the Brooks Range a s  indicated by 

severe folding of beds in  th is  region. - * 
9 

c) Trend surface analysis showed t h a t  coal seams i n  the  foo 

region are more highly concentrated in  vi t r ini te  and l ipt ini te  macerals that 

are considered reactive for liquefa~tion. 

dl Trend surface analysis further showed that inertinite cmcentration - - 

ncr nor 

- 

: thw and 

UILeGZIUILJ. 

el The high concentration of semifusinites and macrinites in  the Cape 

Beaufort region could be i n d i c a t i v e  of lower water t a b l e  and d r i e r  I 



environment. The coals i n  the foo th i l l s  region have lower iner t ini te ,  i n  

indicating t h a t  the water table  k e p t  pace with coal formation, through 

progressive subsidence. Scarcity of pyrite i n  coal exnphasises the absence of 

marine incursicms during coal formation. -; ._ . I . . . 1 , - A ? i b  

P 
I f 1 Ine r t in i t e  macerals, par t icular ly semif usini tes  and macrinites, 

t. showed wide variation i n  reflectance and microhard % t ha t  could be 
k..t - 

i n d i c a t i v e  of poss ib le  r e a c t i v i t y  of these  macerals i n  part during 

liquefaction processes. 
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TABLE 4 Proximate and Ultimate Analyses of Corwin Bluff Coals 

Heating 
TNckness Moisture Ash, Volatile Fixed Value 

Sample No. *Basis Location (feet) % % Matter,% Carbon,% m/lb. C,% 

* 1 Equilibriun moisture basis 
2 V.M. and F.C..are dry, mineral matter fr* basis 

Btullb. is moist mineral matter free basis 
GH)59andSarecby,aehlieebasis 

SS - Surface Sam~le 
G, A, F - surface Sample, The letter being the initial of the m p l e  coUector. b - b r y  Martin, 
E4l - D r i l l  hole AH - Auger hole SP - Slot Point (Siesmic Shot hole) 
m l e  N u b r  Includes Date 

A - Carl Alnquist 



TABLE 4 Proximate and Ultimate Analyses of Corwin Bluff Coals (continued) 
I =< 

Heatina - 
lhickness Moisture. Ash, Volatile Fixed Value 

Sample No. *Basis Location (feet) % % Matter,% Carbon,% BIW1.b. C,% HI% N,% 0,% S,% 



P(EaE 5 Proximate and Ultimate Analyses of Cape Beaufort Coals 

Heating . C 
DeptiVIntemal Moisture Ash, Volatile Fixed Value *- . . . r 

(feet)  % % Matter,% Car-,% B'Iu/lb. C,% HI% N,% Or% St% 

4.5- 1 7 5  6.6 26.8 23.4 43.2 8,586 51.3 3.7 0.8 17.2 0.2 
33.0 67.0 12,090 77.0 4.5 1.3 17.0 0.2 

Sample No. *Basis 
- \ J 

Location 

T 4S R48W -2. 

T 4S R4&J SFC12. 

T 4S R48W m 2 .  

T 45 R4W -2. 

T 4S R48W -2. 

T 4S R4&J SEC 1. 

T 3s R48W SEC36. 

T 3S R47W SECl4. 

T 3S R47W -3. 

T 3S R47W -5. 



TABLE 5 Proximate and Ultimate Analyses of Cape Beaufort Coals (continued) 

Heating 
DepWInterval Moisture Ash, Volatile Fixed Value 

Smple No. *Basis Location (feet)  % % Matter,% Carbon,% Erm/lb. C,% HI% N,% 0,% S,% 



7. ,$ .; *;.4 - - 
5 Proximate and Ultimate Analyes of Cape 'kufort  &s (continued\ 

. . (  I -. . . 
4," ." 4 4 ~ .  . Depth/Interval Moisture Ash, Volatile Fixed Value H e a w  

fi , :  &inpl< 16: -is' ~ocetion (feet) % % Matter,% Carbon,% BIV/lb. C,% H,% N,% 01% St% , ' 

-. 4 - h.' 



TABLE 6 Proximate and Ultimate Analyses of Kukpruk River Codls 

Heating 
Thickness Moisture Ash, Volatile Fixed Value 
(feet) % % Matter,% Carbon,% BIV/lb. Sample No. *Basis Location 

SS 67-9 1 T 1s R44W SEC 8 
2 

SS 67-11 1 T 1s R44W SEC 7 
2 



* 
TABLE 7. Proximate and U l t i m a t e  Analyses of west Utukok River Coals 

Heating 
Depth/Interval Moisture Ash, Volatile Fixed Value 

Location (feet) % % Matter,% Carbon,% BTt~/lb. C,% Saple No. %is 

T 4N R38W SM: 8. 85.0 - 89.0 12.3 18.1 26.0 43.6 8,915 52.6 
36.0 64.0 11,078 75.6 

T 4N R38W SEC 9. 83.0 - 94.0 13.9 

725 SP131 1 
(two beds) 2 

725 SP135 1 
(several beds) 2 



TABLE 7. Proximate and Ultimate Analyses of West Utukok River Coals (continued) 

.-+: d. . Heating 
, ' .. .-.;‘%r.' . .~ .A J Depth/Interval Wisture Ash* Volati le Fixed Value 
Simple No. *is Location (feet)  % % Matter,% Carbon,% m/lb. C,% HI% N,% 0,% S,% 

F 12-79 1 T 1N R41W SECl3. 
(outcrop) 2 



Sample No. *is 

,"> I 

. . , TABLE 8. Proxinvlte and Ultimate Analyses of Kdcolik River Coals 
:, ?- . 

Heating 
Depth/Interval Misture Rsh, volat i le  Fixed Value 

Location (feet) % % Matter,% Carbon,% IFm/l.b. C,% 

T 1S R39W SKll. 22.0 - 27.0 8.2 14.3 28.2 49.3 
35.2 64.8 

T 1 s  R3W SEC 9. 48.0 - 52.0 3.5 15.0 32.4 49.1 

a ,  r 

38.8 61.2 
, ' c 

T 1S R3W -1. 15.0 - 30.0 6.6 8.0 30.9 54.5 
35.7 64.3 

T 1S R3W =lo. 7.6 6.4 30.9 55.1 
35.5 64.5 

T 1S R3W k J 0 .  37.0 - 44.0 5.5 8.6 31.9 54.0 
36.6 63.4 

T 1S R39W SBCZO. 70.0 - 75.0 4.2 5.8 35.9 54.1 
39.5 60.5 

T 1S R3W SEC 9. 6.0 11.1 35.1 47.8 
42.7 58.3 

T 1 s  R39W SIX 8. 62.0 - 65.0 4.6 9.3 36.7 49.4 
42.1 57.9 

T 1S R3W SEC 8. 20.0 - 25.0 11.7 5.0 31.1 52.2 
36.9 63.1 

T 1S R39W SEC 7. 48.0 - 52.0 15.0 7.6 30.8 46.6 
39.2 60.8 

%.& i i 1 .  

T 1S R3W SEC 7. 60.0 - 73.0 4.6 - 5.0 31.6 58.8 
34.6 65.4 

T 1S R40W SECl3. 10.0 - 15.0 10.5 7.6 30.9 51 .O 
37.1 62.9 



TABLE 8. Proximte and Ultimate Analyses of Kokolik River Coals (continued) 

DepWInterval Heating 
lhickness Moisture Ash, Volatile Fixed Value 

*Basis Locatian (feet) % % Matter,% Carbon,% BTWlb. C,% m l e  No. 



THm 8. Proximate end Ultimate Analyees of Kokolik River Coals (continued) 

DeptNInterval Heating 
Zhickness Moisture Ash, Volatile Fixed Value 

SEmple No. *Basis Incaticn (feet) % % Matter,% Carbon,% B'N/lb. CI% 

1 T 1s R3&J SEC 3. 
2 

1 T 1S R38W SEC 4. 
2 
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TABLE 9. Proximate and Ultimate Analyses of Archimedes Ridge Coals 
I , .  < 

Heating . I-. . . 
5,; . ' Thickness Moisture Ash, Volatile Fixed Value . + .  

Sample No. *Basis Location (feet) % % Matter,% Carbon,% JBU/lb. C,% H,% N,% O,% St% 

T 4s R39W SEC 6. 





TABLE 10. Proximate and Ultimate Analyses of Elusive Creek Coals 
V ' : Heating 

DeptNInterval Moisture Ash, Volatile Fixed Value 
Simple blo. *Basis Location (feet) % % mtter,% Carbon,% Em/lb. C,% HI% N,% 01% St% 

605 SP 331 1 TlSR36WSECl6. 37.0 -57.0 
(zone) 2 

- 
605 SP 339 1 T 1S R36W -7. 61.0 - 73.0 7.6 5.3 37.8 49.3 12,803 0.3 

2 43.0 57.0 13,582 

605 SP 340 1 TlSR36W-7. 36.0-42.0 7.2 2.9 36.6 53.3 13,312 - , - 0.3 - 4 r 

(2 beds) 2 84.0 - 90.0 40.6 59.4 13,747 ' .- 4 - - . - 
1 



TABLE 10. Proximate and Ultimate Analyses of Elusive Creek Coals  continued dl 

DepWInterval Moisture Ash, Volatile Fixed 
- 

Value 
saqle No. *Basis Location (feet) % % Matter,% Carbon,% EIN/lb. C,% H,% N,% 0,% S,% 



TABLE 10. Proximate and Ultimate Analyses of Elusive Creek Coals (continued) 

DeptNInterval Heating 
Thickness Moisture Ash, Volatile Fixed Val w 

Sample No. *Basis Location (feet) % % Hatter,% Carbon,% BIU/lb. c,% H,% N,% Or% S,% 

137XSP 764 1 T 1 s  R36W SEC 1. 63.0 - 66.0 9.8 38.4 23.4 28.4 7,186 
2 41.8 58.2 12,287 



TABLE 10. Proximate and Ultimate Analyses of Elusive Creek Coals (continued) 

DeptNInterval Heating 
Thickness Moisture Ash, Volatile Fixed Value 

~ocat icn  (feet) % % Hatter,% Carbon,% BlW1.b. C,% Sample No. %asis 



TABLE 10. Proximate and Ultimate lhalyses of Elusive creek Coals (continued) 

Srrople No. wsis Locaticn 

Heating 
Moisture Ash, Volatile Fixed Value 

% % Matter,% Carbon,% Bnl/lb. C,% HI% NI% 0,s Sf% 

T lN R35W SEC25. 9.7 3.2 32.1 55.0 
36.6 63.4 

T 1s R36W SEX: 1. 13.8 10.6 29.8 45.8 
38.7 61.3 

T IN R34W SEC 8. 10.2 6.8 

T lN R34W SEC 8. 



TABLE 10. Proximate and Ultimate Analyses of Elusive Creek Codls (continued) 

DeptWIntervdl Heating 
Wckness Moisture Ash, Volatile Fixed Value 

Smple No. -is Locatian (feet) % % Matter,% Carbon,% BIWlb. Cf% 

632SP307 1 TlS R37W SEC 2. 62.0 - 63.0 4.3 7.0 34.9 53.8 12,845 72.5 
2 38.8 61.2 13,911 82.8 

632-22 1 TlN R36W SEC28. 20.0 - 30.0 4.4 5.5 34.6 55.5 13,146 
2 38.1 61.9 13 , 991 

632SP322 1 TlN Iu6W SK21. 87.0 - 98.5 4.2 6.8 36.2 52.8 12 1915 
2 40.2 59.8 13,950 

632-40 1 TlN R36W W O .  32.0 - 42.0 4.6 4.6 34.7 56.1 13,377 
2 37.9 62.1 14,084 

632SP341 1 T1N R36W SM: 3. 93.0 -101.0 4.1 9.2 33.5 53.2 12,848 
2 38.0 62.0 14,275 

632-42 1 TIN R36W SEC 3. 40.0 - 47.0 3.9 6.9 37.6 51.6 13,208 73.8 
2 41.7 58.3 14,284 82.8 



TABLE 11. Proximate and Ultimate Analyses of Central Utukok River Coals .$. , - '1 1 4' 

.a 4 . Depth/Interval .:)* . 
lhickness 

' sampleNo. *Basis W t i m  (feet) 

Heating 
value 
B'wlb. C,% 

Moisture 
% 

Volatile 
Matter, % 

Fixed 
Carbon,% 

632 SP3K3 1 T 2N R36W SEC 2. 71.0 - 78.0 
2 

, <' * 
632 SP386 1 T 2N R36W SEC 2. 25.0 - 38.5 

2 . .  
632 mi92 1 T 3N R36W SEC35. 
(several beds) 2 

632 SP400 1 T 3N R36W SEC23. 52.0 

00 
2 

A 
632 SP402 1 T 3N R36W SEC23. 60.0 - 69.0 

2 

632 SP422 1 T3NR36WSEC2. 61.0-66.0 
(two beds) 2 97.0 -103.0 



TABLE ll. Proximate and Ultimate Analyses of Central Utukok River Coals (continued) 
C - , Heating 

DeptNInterval Moisture Ash, Volatile Fixed Value 
Sample No. -is Location (feet) % % Matter,% Carbon,% Bnl/lb. CI% HI% N,% 0,% 

0, 725 SP219 1 T 2N R3rlW SEC 6. 52.5 - 60.5 7.1 11.9 30.7 50.3 11,286 64.7 4.9 1.3 16.9 
h) 2 37.2 62.8 12,956 79.9 5.0 1.6 13.2 



TABLE 12. Prturimate d Ultimate Ana lps  of East Ut~kdc River Coal6 

DepWInterval Moisture Ash, Volatile Fixed 
Heatins 
Value 

S q l e  No. *Basis Location (feet) % % Matter,% Carbon,% . C,% HI % 



TABLE 13. Proximate and Ultimate Analyses of Lookout Ridge Coals 

Heating 
Depth/Interval Moisture Ash, Volatile Fixed Value 

Smple No. -is Location (feet) % % Matter,% Carbon,% BRl/lb. 

(two beds) 

1 T 3N R27W SEC 7. 
2 

R7XN SM94 1 T 3N R27W SEC 6. 
2 

R7XNSP520 1 T 4N R27W SECl7. 
(several beds) 2 



TABLE 14 Proximate and Ultimate Analyses of W i k  Test W e l l  Coals (TION R36N SEX201 

Sample No. Beating 
Depth Intenml Moisture Ash, Volatile Fixed Value 

(feet) -is % % Matter,% Carbon,% BTU/lb. C,% 81% N,% 01% St% 

225.0- 735.0 1 16.9 . + -2 5.5 - - 30.5 47.1 ' P +  -1 9,585 
61.1 c b ' c r  

0.3 
2 ' 38.9 - 10,191 

r. P 

1 
- ,  

220.0- 360.0 17.8 - 9.4 s ' '30.5 42.3 9,097 
2 

0 .4 . - J - 40.1 59.9 10,134 
,?+" 

400.0- 430.0 1 18.5 k. 8 29.6 45.1 9,584 53.9 6.1 1.0 
2 

I 3  $ '- 39.1 60.9 10,341 72.2 5.3 1.3 

430.0- 460.0 1 16.6 10.9 28.8 43.7 9,365 
, ,. . 2 38.9 61.1 10 I 620 

470.0- 490.0 1 16.8 12.1 28.1 43.0 .'. 9,245 
2 38.6 61.4 ' .  10,634 

695.0- 705.0 1 18.8 6.5 28.7 46.0 9,687 
a0 2 37.9 62.1 10 , 422 
0 *- 1 & 

725.0- 735.0 1 17.9 6.3 29.0 46.8 9,920 
2 37.9 62.1 10 , 650 

785.0- 800.0 
, - 

1 17.3 11 e l  29.1 42.5 9,439 
:.'. 2 39.8 60.2 10 I 720 

910.0- 940.0 
.a,, 

1 17.6 28.4 46.0 9,835 
. 2 
3. 

37.4 62.6 10 , 770 



TABLE 14 Proximate and Ultimate Analyses of Tunalik Test Well Cuals (TION R36N SEC2O) (continued) 

Sample No. Heating 
Depth Interval Moisture Ash, Volatile Fixed Value 

(feet) *Basis % % Matter,% Carbon,% BRl/lbw C,% H I %  NI% 01% S I %  



TPBLE 15. Proximate and Ultimate Analyses of Kuk ~ i k r  Coals 

Heating 
DeptWInterval Moisture Ash, Volatile .Fixed Value 

Sanp?le No. -is Location (feet) % % Hatter,% Carbon,% BW1.b. C,% HI% N,% Or% S,% 

602 =I52 1 T l l N  R29W -9. 75.0 - 80.0 19.8 12.9 28.9 38.4 8,560 50.9 5.4 1.2 29.3 0.3 
2 42.1 57.9 9,947 75.6 4.7 1.8 17.3 0.5 

703 SPllO 1 TllN R33W SBC30. 41.0 - 54.0 19.4 4.9 32.3 43.4 
2 42.4 57.6 

703 SP119 1 TllN R33W SEC21. 52.0 - 64.0 19.8 5.9 . 30.2 44.1 9,011 
2 40.2 59.8 9,621 

703 SPl22 1 TllN R33W -2. 58.0 - 68.0 19.6 5.0 30.1 45.3 
2 39.4 60 -6 

703 SP125 1 T l l N  R33W -3. 49.0 - 58.0 17.8 3.8 30.2 48.2 
2 38.2 61.8 

712 SPLl 1 TllN R3SW SEI: 3. 46.0 - 51.0 18.6 4.2 40.9 36.3 
2 52.6 47.4 

712 SP27 1 TllN R35W SEC26. 41.0 - 49.0 19.1 1.5 38.6 40.8 
2 48.5 51.5 



TABLE 16. Proximate and Ultimate Analyses of Peard Bay Test Well (T16N R2W -5) 

Heating 
Moisture Ash, Volatile Fixed Value 

Sample No. *Basis % % Matter,% Carbon,% B W l b .  C,% HI% NI% 01% 



TABLE 17 Proximate and Ultimate Analyses of East Simpscn Test W e l l  No. 2 Coal 

Heating 
JkptWIntenral Moisture Ash, Volatile Fixed Value 

sample No. *Basis Location (feet) % % !btter,% Carbon,% BKl/l.b. C,% HI% N,% 0.8 S,% 

TABLE 18 Proximate and Ultimate Analyses of M a t  Coal 

Reating 
Moisture Ash, Volatile Fixed Value 

Sample No. *Basis Locaticn % % Matter,% Carbon,% BlU/lb. c,% H,% NI% 01% St% 

a0 

TABLE 19 Proxiraate and Ultimate Analyses of Ikpikpuk Coal 

Heating 
Moisture Ash, Volatile Fixed Value 

Sample No. -is Location % % Matter,% Carbon,% B!lU/lb. Ct% HI% N,% 0, % St% 



Tabla 20 Reflectance Rank Dist r ibut ion o f  Vi  t r i n i  tes 
i n  Corwin B l u f f  Coals 

Reflectance Class Mean Maxfmum 
Sarnp l e  V V V V V V V Ref Lectanca 
Number 3 4 5 6 7 B 9 - 

R& 



&amp Le 
Number 

Table 21 Reflectance Rank D is t r ibu t ion  o f  V i  t r i n i  tes  
i n  Cape Beaufort Coals 

Reflectance Class Mean Maximum 
V V V V V Reflectance 



Samp l e  

4 - :I ,, 9 
Table 22 Reflectance Rank D i s t r i b u t i o n  o f  ' V i t r i n i  tee 

i n  Kukpowruk River Coals 

Reflectance Class Mean Maximum 
V V V V V V Ref Lectance 

Table 23 Reflectance Rank D i s t r i b u t i o n  o f  V i  t r i n i  tes  
i n  West Utukok River Coals 

3ef  rectanca Class Mean Maxlmm 
Samp l e  V V V V V V V Reflectance 
Number 4 5 6 7 8 9 10 - 

CJ -:< *8:*'L b# p '- -. . : w ~ , ~ g .  ' 
, . .. 

725 SP 45 28 
.;* +*: , *.& :, a - -  . 

. P 
60 

725 SP 63 19 <-I  ... -63 



Table 24 Ref lectance Rank D i s t r i b u t i o n  o f  Vi t r i n i  t e s  
i n  Kokolik R iver  Coals 

Reflectance Class Mean Maximum 
Samp l e  V V V V V V V Reflectance 
Number 4 5 6 7 8 9 10 - 

Ram% 



Table 25 Ref lectance Rank Dist r ibut ion o f  Vi t r i n i t e s  
i n  Archimedes Ridge Coals 

Ref Lectance Cless Mean lvlaxrnrum 
Samp l e  V V V V V V . Reflectance 



Samp l e  
Nuinbe r 

Table 26 Reflectance Rank O i s t r i  bution o f  V i  t r i n i  tes  
i n  Elusive Creek Coals 

Reflectance Class 
v v v v 

6 7 8 9 

Mean Maximum 
V Reflectance 
10 - 



Table 26 Reflectance Rank Dist r ibut ion o f  Vi t r i n i  tea 
i n  Elusi  ve Creek Coals [continuedl 

Ref Lectence Class Mean Maximum 
Sam~ Le V V V V V V V Ref lectance 



Table 27 Reflectance Rank D i s t r i b u t i o n  o f  V i t r i n i t e s  
i n  Cent ra l  Utukok River  Coals 

Reflectance Class Mean hax~mum 
Samp l e  V V V V V V V Reflectance 
Numbe r 4 5 6 7 8 9 10 - Ram% 

* Y F  : . -  , f .  ' , I 
..I '-1 . 

~ i b l e  28 Fief lectance Rank D i s t r i b u t i o n  o f  V i  t r i n i  tee 
i n  East Utukok River Coals 

Reflectance C Lass Mean Maximum 
Samp l e  V V V V V V V Reflectance 
Number 4 5 6 7 8 9 10 - 

Rom% 



Table 29 Reflectance Renk Dist r ibut ion o f  Vi t r i n i  tes  
i n  tookout Ridge Coals 

Reflectance Class Mean Maximuin 
Samp l e  V V V V V V V Reflectance 
Number 3 4 5 6 7 8 9 - 

Rm 

Table 30 Reflectance Renk Dist r ibut ion o f  Vi t r i n i  tes  
i n  Tunalik Test Well  Coals 

Depth Reflectance Class Mean Maximum 
I n t e r v a l  V V V V V V V V Ref lectenoe 

Feet 1 2 3 4 5 6 7 8 - R,,% 



Table 31 Ref lectance Renk D i s t r i b u t i o n  o f  V i t r i n i t e e  
i n  Kuk R iver  Coals -..P 

Ref lectence Class 
Sample ,a- V V V V V V 

Mean Maximum 
Ref Lectance 

Number 3 4 5 6 7 8 - 
Rom% 

:+, ims - -  -gl- - . . -  7 - + -  - , 
d 7-5 - , 

.,I &'.. " -q&+ . > 2 .! - 

5 - -  2 
T i b h  32 ~ e f l e b t a n i e  Rank D i s t r i b u t i o n  o f  V i  t r i n i  t e s  . - 

; ? ,  . ' c . ,  i n  Peerd Bay Test Wel l  Coals 
.L. ' C-.. ' A, 

Depth Reflectance Class Mean Maximum 
I n t e r v a l  V V V V V V Ref lectance 

Feet 2 3 A 5 7 I - 

135-1 16 76 8 



Table 33 Reflectance Rank D i s t r i b u t i o n  o f  V i  t r i n i  t e s  
i n  East Sfmpson Test Wel l  Coal 

Reflectance Class Mean Maximum 
Samp l e  V V V V V Reflectance 
Number 9 10 11 12 13 - 

Ram% 

East Simpson #2 33 62 5 1 .I1 

Table 34 Reflectance Rank D i s t r i b u t i o n  o f  V i  t r i n i  t e s  
i n  Umiat Coal 

Reflectance Class Mean Maximu 
Samp l e  V V V V V Ref lectance 
Number 

U-7 SP 12 64 31 5 

. - 

-- . ,& 
4 ' 

Table 36 Reflectance Rank D i s t r i b u t i o n  o f  V i  t r i n i  t e  
i n  Ikp ikpuk Coal I 

Ref lectance Class 
v v v v v 

Mean Maximum 
Ref Lectance 



Table 36 Distribution of Macerals in Corwin Bluff Coals 



Table 37 Distribution of Macerals in Cape Beaufort Coals 



Table 37 Distribution of Macerals in Cape Beaufort Coals (cont.) 

- .. 

r.. 
:L .-+- 





Table 39 Distribution of Macerals in West Utukok River Coals 



Table 40 Distribution of Macerals in Kokolik River Coals 



Table 40 Distribution of Macerals in Kokolik River Coals (cont.) 



Table 41 Distribution of Macerals in Archimedes Ridge Coals 

b a, 0 
.z 
C 

0 0 - .% i 4 g aJ f .- : &  E c 2.. - Q) 

C 

> c O . z 0  
c 0 g 0 9 E C  0 0  a c 0 a J  

2 - f e  - e 
% =r f - L= = g 3& - U r z f j  . k g  * =  Y k a J S  

.- (I) .!iE f 5 9  g g & q j S Z a  a = - f  E, q 2:: 5 $ 
v) > i C P . = B P O <  ~z s cn 

' FQ-R 51.0 18.3 .0 - 1.0 2.0 1.0 - - - .3 - .2 3.6 9.0 1.6 - 2.4 - 



Table 42 Distribution of Macerals in Elusive Creek Coals 





Table 42 Distribution of Macerals in Elusive Creek Coals (cont.) 

ti a, 
C 

a, 

1 .- c a, a, - E 2 a, 2 a, 
Z 5 %  0 

C f a, 
a, 5 
C 

E E a a ,  .- f ; i O r  * a, - c @ a ,  
g L.. 

o a, g g g ~ r  
e 2 "  'o S E  .i 2 .g 

3 t B % .a 6 - 1 1  - L " "  f 5 s.5 g 2 
5 + . a , =  r ge 8 s P  g g 2 : ~ s  .a 2 f 
v) 5~ $ n n 8 ~ 0 a  ~ i i 3 1 t a  % b r  



Table 43 Distribution of Macerals in Central Utukok River Coals 

i5 a, Q  

f .= 0 0 @ 
C r 5 Q  z Q  r .- 
L r c Q  

z .z = @ @  r z $ ?  .- .- Po 5 = Q g  - .z LC 

d .- 3 2 ~  I s  t r f  r f Z  3 E 
5 .- Q  S F  9 5 5 4  8 a " $ +  
V) 2 P P P  . . o < e * V )  3 s; 5 P 



Table 44 Distribution of Macerals in East Utukok River Coals 



Table 45 Distribution of Macerals in Lookout Ridge Coals a&; i% 
% Q 0 

C - Q t - C 
P z r g  4 Q ,$ z f Q Q  2 $ - 0 0, o $ r =  Q Q  s o  - a 2 r gg 

! E P  Z a E  = d S p C E  $i %% f f c  1 3  , = a t  5 P O  

d :s 5 2  8 t r a J c o <  w c  m o d u a  3 81 h a 



Table 46 Distribution of Macerals in Tunalik Test bp;l Coals 
I 



7- 

i3 

Table 47 Distribution of Macerals in Kuk River Coals 



7 .  : - * p &,,; L, - .- ,,I - * - 
A-? 

Table48 Distribution 'of ~ k e r a l s  in Peard B ~ Y ' T ~ &  W& c 



Table 49 Distribution of Macerals in East Simpson Test Well Coal 

Table 50 Distribution of Macerals in Umiat Coal 

Table 5 1 Distribution of Macerals in lkpikpuk Coal 



PSEUDO 
PHLOBAPHlNlT E 

CUT - SUB 
OTHER 

\8&r O ) - . - l  . 1 \ / , \ 
$4 

OELlNlTE HLOB - ALQINJTE THICK MACRlNlTE QLOBULAR 
APHINITE CUTlNlTE MACRlNlTE 

PSEUDO 8PORINITE RESlNlTE FUSlNlTE 
I 

VlTRlNlTE IEXSUDATINIT E FUSlNlTE 

VlTRlNlTE 
Corwin Bluff Coal Samples 

SAMPLE NO. VITRIUITE LIPTINITE 

SS 70-17 93.4 4 -4 
SS 70-19 92.6 5 . 3  
SS 70-27 88.8 4.8 
SS 70-28 88.0 lO.0 
SS 70-29 83.5 7.5 
SS 70-30A 85.8 4.6 
SS 70-30B 93.8 3.0 
SS 70-30C 77.6 6 .8  
SS 70-30D 83.2 6.6 

F i g u r e  14 Ternary Diagrams of the Three Maceral Groups and their 
Corresponding Macerals i n  the Corwin Bluf f  Coals. 



PSEUDO CUT - SUB INERTODETRINCTE 

Cape Beaufort C-1 Sup lea  
Cape Beaufort coal ~ a a p l e r  VITRWITE 

SAMPLE NO. VITRINITE LIPTINITE INERTINITE 
AH 73-25A 68.0 4 s  

AH 73-1 61.8 2.4 35.8 AH 73-ZSB 67.3 S.S 
AH 73-1A 68.2 - 3.2 28.6 AH 73-2% 69.4 3.4 
AH 73-18 62.7 . 3.3 34.0 AH 73-27 87.2 1.9 
AH73-1C 62.0- ;- .3.8 34.2 AH 73-29 87.9 1.7 
AH 73-ID 62.6 AH 73-31A 48.3 2.5 

AH 73-2 65.8 AH 73-31B 63.2 2.4 
AH 73-3 57.3 ' AH 73-32 83.6 2.2 
AH 73-4 80.1 AH 73-34 68.4 2.8 
AH 73-5 64.3 AH 73-36 76.7 2.9 
AH 73-6 61.6 DH 72-11 90.4 2.6 
AH 73-8 73.3- . AH 74-9A 64.4 1.5 
All 73-10A W:p AH 14-98 82.0 2.0 
AH 75-108 
AH 73-10C 73.8 
AH 73-23A 77.2 
AH 73-238 78.1 - - AH 74-15 85.8 3.8 
AH73-24 9 1 . k  '. 2 . 1  

Figure 16 Ternary Diagrams of the Three Maceral Groups and their 
Corresponding Macerals in the Cape Beaufort Coals.. 



PSEUDO 
PHLOBAPHINITE 

CUT - SUB 
OTHER 

Kukpowruk River Coal Samples 

SAMPLE NO. VITRINITB LIPTINIB IWTINITE 

SS67-1 92.4 2.2 5.4 
SS67-2 77.3 1.9 20.8 
SS 67-3 63.0 2,O 35.0 
SS67-4 74.8 S.2 20.0 
SS67-5 77.3 6.7 16.0 
SS 67-6 80.7 3.1 16.2 
SS 67-8 79.4 5.2 15.4 
SS 67-9 80.8 4.6 14.6 
SS 67-10 87.0 3.6 9.4 
SS 67-11 91.0 2.2 6.8 
SS 67-12 77.2 3.0 19 -8 

LlPTlNlTE 5 0  INERTINITE 

Figure 16 Ternary Diagrams of the Three Maceral Groups and their 
Corresponding Macerals in the Kukpowruk River Coals. 



PSEUDO 
PHLOBAPHINITE 

CUT - SUB HERTODETRMTE 
OTHER ISCLEROTWKE 

MACRINITE &8\krn 
CUTINITE 

LAR 

FUSINITE 

East Utukok Rivet -1 -la8 

Figure 17 Ternary Diagram of the Three Maceral Groups and their 
Correspbnding Macerals in  the East Ut.ukok River Coals. 
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Kokolik River Coal Samples 

SAMPLE NO. VITRINITE LIPTINITE ImENm 

605 SP393 90.8 8.8 0.4 
605 SP402 96.0 2.4 1.6 
605 SP428 78.2 8.2 13.6 
605 SP431 64.6 7.0 28.4 
605 SP434 69.4 6.4 24.2 
605 SP435 75.3 7.2 17.5 
605 SP439 77.4 8.2 14.4 
605 SP442 87.2 11.2 1.6 
605 SP447 85.0 7.8 7.2 
605 SP448 79.0 7.2 13.8 
605 SP454 66.3 6.5 27.2 
605 SP455 87.4 - 4.8 7.8 
605 SP457 90.0 6.0 4.0 
605 SP461 76.2 5.0 18.8 
605 SP465 76.6 3.4 20.0 
605 SP467 84.9 . 6.7 8.1 
605 SP471 92.6 4.6 2.8 
605 SP472 85.2 4.8 10.0 

. , 605 SP474 92.0 2.4 1.6 
UA 126 79.7 2.f 18.0 
AH 3-78 84.9 2.1 1 5 , O  
AH 4-78 87.6 2.8 9.6 
AH 12-78 77.6 4.4 18.a 
AH 16-78 81.9 5.7 u . 4  
AH 18-78 72.1 2.9 25.0 
AH 19-78 78.9 1.8 19.3 
AH 22-78 79.4 4.0 16.6 

k AH 21-78 65.8 2.9 51.3 
AH 23-78 73.8 3.4 22.8 
AH 25-78 84.0 2. t  15.9 
A'78-14 92.3 4.0. 3.7 
A'78-15 82.1 5.3 12.6 
AH 1-79 86.8 4.0 9.2 
AH 4-79 97.4 2.2 0.4 

LIPTINITE INERTlNlTE AH 5-79 78.6 4.4 17.0 
AH6-79 84.6 4.9 10.5 
AH 7-79 73.0 3.6 25.4 

F t ~ u r e  18 Ternary Dlaaram O f  tho Three Maceral Qroups R5XN SP450 86.0 4.2 P. 8 
RSXN SP457 78.8 6.6 14.6 

in tha Kokollk River Coals. R5XN SP458 81.4 5.3 13.3 
RSXN SP462 85.7 11.6 2.9 

Archincdes Ridge Coal Samples 

SAMPLE NO. VITRINITE LIPTINITE INERTIffm 

G 78-37 87.7 3.7 8.6 
G 78-40 98.2 1.6 0.2 
G 78-41 98.9 0.5 0.6 
G 78-43 82.6 8.3 9.1 
G 78-55 56.4 3.6 40.0 
G 78-58 93.8 2.0 4.2 
G 78-80 90.2 2.6 7.2 
G 78-84 85.6 3.4 11.0 
G 78-89 82.2 4.0 13.8 
G 78-93 91.0 2.6 6.4 
G 78-94 82.2 1.6 16.2 
G 78-97 94.6 2.8 2.6 
G 78-99 71.2 5.0 23.8 
133X SP431 78.1 7.1 14.8 
133X SP432 90.0 5.6 4.4 
F 45-79 66.7 2.6 38.7 
F 47-79 79.1 3.5 17.4 
R5 SP601 98.8 0.2 1.0 
R5 SP605 83.6 5.4 11.0, 
137X SP656 94.8 2.7 2.5 
137X SP666 96.2 1.8 2.0 

LlPTlNlTE . . - 7  I .  INERT INlTE . - - - - I + -:-: 
. * s l , *  . . _ * 

Figure 19 Ternary Diagram of the Three Maceral Groups 

in the Archimedeo Rldge Coals. 
123 



SAMPLE NO. VXTRINITE LIPTINITE INBBTINITE 

VlTR lN lTE  

725 SP135 
RSXN SP340 
RSXN SP354 
RSXN SP359 
RSXN 51368 
RSXN SP384 
R5XN SP394 
630 SP413 
630 SP441 
630 SP444 

605 SP340 
LlPTlNlTE INERTINITE 605 Sp342 

Elusj ' .,- - 
~ , ~ A w L . E  NO. 

@ "! >$ 

605 SP307 
:Fa> k05 SP327 
'p Yg605 SP328 
'& 1605 SP329 
$' bO5 SP330 
-')605 SP331 

605 SP337 
605 SP5.38 
605 SP339 

137X SP736 
Figure 2 0  Ternary Diagram of the Three Maceral Groups in the 137X SP737 

l37X SPf42 
West Utukok River Coals. 137X SP744 

137X SP745 
137X SP749 
137X SP753 
137X SPiS1 
137X SP755 
137X SF757 
137X SP758 
137X SPY64 
137X SP765 

VlTRlNlTE 137X SP767 
137X SP768 
137X SP771 
137X SP773 
137X SP775 
137X SP777 
137X SP802 
137X SP804 
137X SP808 
AH 34-78 
AH 37-7813 
AH 37-781 
AH 43-78 
AH 48-78 
AH 56-78 
AH 60-78 
AH 61-7INI 
AH 61-781 
AH 63-78 
AH 8-79 
AH 10-79 
AH 13-79 
AH 15-79 
AH 16-79 
AH 22-79 
AH 25-79 
AH 26-79 
AH 34-79 

r* * AH 35-79 
AH 36-79 
AH 37-79 
AH 38-79 

LlPTlNlTE 

734 SP216 
Figure 2 1  Ternary Diagram of the Three Maceral Qroupr, In the 632 SPSUO .. - ,c 632 SP307 

Elusive Creek Coals. '. .a . -.* • + 632 SP321 

83r6 : 
76.8 4.0 
74.8 4.2 
77.6 1.8 
77.3 2.5 
85.0 3.7 
86.5 6.9 
92.3 4.2 
83.2 7.5 
83.3 7.0 
76.4 6.1 
78.0 4.6 
81.3 7.2 , 
79.4 5.2 
84.6 6.4 
81.9 8.8 
78.7 8.1 
79.9 7.9 
85.7 2.6 
81.4 2.7 

.ve Creak C o a l  Wwles 
VITRINITE LIPTINITE 



Cent ra l  Utukok River Coal S-1- 

SAMPLE NO. VITRINITE LIPTINITE , IBU$TINITe 

VlTRlNlTE 632 SP369 
632 SP370 
632 SP383 
632 SP386 
632 SP392 
632 SP4W 
632 SP402 
632 SP422 
632 SP436 
632 SP440 
632 SP442 
632 53447 
632 53467 
632 SP480 
725 SP169 
725 SP206 
725 SP216 
725 SP219 
725 SP222 
725 SP230 
725 SP271 
723 SP114 

LIPTlNlTE INERTlNlTE 

Figure 22 Ternary Diagram of the Three Maceral Groups 

in the Central Utukok River Coals. 

VlTRlNlTE 

Lookout Ridge Coal Somples 

SAMPLE NO. VITRINITE LIPTINITE 

Figure 23 Ternary Diagram of the Three Maceral Qroupa 

In the Lookout Ridge Coals. 
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Tuualik ,AW No. 1 Ceal -1- 

SAMPLB NO. 

225-735 
220-360 
400-430 
430-460 
470490 + 
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25'20-2540 
2580-1608 
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y ~ i  2 - - 7 --• v* 

l,PhTINITE INERTRIITE 

t. 

- 'd  ~ i g u r e  
1 - ternary Diagram of t1)@ Three Maaerol Group8 

in the Tunalik Test Well No. 9 COal8. x-- 4?,-2 

Figure 25 Ternary Diagram of the Three Maoeral Oroupa 

In the Kuk River Coal.. 
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Peard Bay TW Coal Samples 

SAMPLE NO. VITRINITE LIPTINTTE 

Figure 2 6  Ternary Diagram of the Three Maceral Groups 

In the Peard Bay Test Well Coals. 

' h. + 
- ? *;: b .  7 - .  

- 3  

0 East Simpson TW No. 2 Coal Samples 

SAMPLE NO. VITRINITE LIPTINITE INERTINITE 

79-137 64.0 8.6 27.4 

@ Ikpikpuk Coal Samples 

SAMPLE NO. VITRINITE LIPTINITE IHERTIRITE 

U 2 SP65 79.8 6.2 14.0 

h i a t  Coal Samples 

SAMPLE NO. VII'RINITE LIPTINITB INERTXMITE 

U 7 SP12 93.8 4.2 2.0 

INERT I N  l TE 

Figure 2 7  Ternary Diagram of the Three Maceral Groups 

In the Eaot Slmpson Test Well No. 2 Coal, 

the lkplkpuk Coal and the Umlat Coal. 
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Figure 3 1  Location of Sampling Sites  in the Nest Utukok River Area. 
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Figure34 Location o f  Sampling S i t e s  i n  the East Utukok River Area. 
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Figure 35 TAocation of Sampling S i tes  in  the Lookout Ridge Quadrangle. 
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