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ABSlWICT 

The general physiographic and geologic setting, lithostratigraphy, struc- 

tural geology and regional tectonisn, and depositional enviromts are sumna- 

rized for six major coal-fonning basins in Alaska--Susitna, b&tanuska, Bering 

River, Nenana , Chignik Bay-Herendeen Bay, and Northern. Alaska ' s Cretaceous 
and Tertiary b i t a n h ~ u s  to subbituminous coals are found in a l l  physiographic 

regions of the S t a t e  and my underlie as mch as 8.5 percent of its land area. 

Continental Tertiary deposits are widely distributed a .  contain the majority 

of the slibbituminms coals. Cretaceous formations contain the n jo r i ty  of the 

bitmiimus coals and m r e  often have been influenced by mine wters during 

their evolution. 

Depositional facttars and.related constraints are acpctd to  play an im- 

portant role in fume mine planning'and pre-dwelo-t site investigations 

in the cml subasins of the Susitna lowland. Depositional rodeling w i l l  pro- 

bably not greatly assis t  future mine planning in the Matanuska Valley because 

of the fair ly  -1e.x geologic structure in the region. Similarly, a better 

understanding of the depsit ional environments in the Bering River basin w i l l  

prcbably not greatly support exploration and developnent planning there be- 

. cause of the very complex geologic structure. Improved depositional rrcdeling 

should be important though for future mine planning in the Nenana, Chig-nik 

Bay-Herendeen Bay, and Northern basins. Ultimately, other limiting factors 

s~ch as location w i t h  respect t o  tidewater and potential export markets, coal 

quality ~ons ide ra t i~ns ,  resource base, pmaf ros t  distribution, infrastructure 

and port developrent, tec!!ologlcal advances, and econmics may determine the 

W i l i t y  of Alaska's =st coal resources. 



Coal is faund in a l l  physiographic regions of Alaska, and geologic forma- 

tions containing ooal deposits m y  underlie as nu& as 8.5 percent of Alaska's 

land area (figure 1) . Alaska's coal resources are es-ted to range fran 2.0 

to over 5.5 trillion short terns and may constitute the mst inportant asset in 

Alaska I s  energy future. These deposits could ultimately prove to make up half 

of the United States coal resaurce base and up to  15 percent of the world re- 

source base. The total energy (Btu) equivalent of the coal in Alaska smmmts 

by m y  magnitudes that present in all the o i l  that will ultimately flow from 

the State.  Coal is known to occur in wer half of the 153 quarterlnillion scale 
quadrangles of Alaska. Howwrer, due to the present poor definition of Alaska's 

aal resources, identified coal resource figures are low -ed to projected 

total coal resources. Total identified coal resources amuntt to nearly 170 bil- 

l ion short tons. The coal resources of the six major Alaskan coal basins to be 

discussed in t h i s  paper are summrized in table I, and cxtcrop photqraphs of 

representative seams are shown in  figure 2. 

Figures 1,2; table 1--NEAR HERE 

Although the majority of Alaska's coals are of b i ~ o u s  and subbitumi- 

nous ranks, anthracite is found locally in the Bering River and Ma&uska 

fields. In general, 60 percent of Alaska's coal i s  bituminous and 40 percent . 
subbitminous (McGee and -1, 1979) . The coals exhibit variable misture 
and ash contents, but &st universally s h w  very low sulfur contents (table 2) . 

Table 2-NEAR HERE 

GENEFW DEPOSITIONFL REGIME FOR ALASKA' S COAL BASINS 

M s t  Alaska coal basins foxmed during the Cretaceous and T e r t i a r y  periods. 

However, coals of the Lisburne or Point Hope f ie ld  are Mississippian, and the 

bituminous coal beds in the Nation River Formation are of probable Pennsylva- 

nian age. Figure 3 places the major coal-bearing formations of Alaska on a geo- 

lcgic-age continuum diagram. Correlations of the many Cretaceous and Tertiary 

units are very crude, and the exact stratigraphic relationships of many of the 

near age-equivalent units are presently unknown. 

Figure 3--NEAR HERE 



Continental Tertiary deposits are widely distributed thra;rgha;lt Alaska 

(table 3 ) .  Most of the basins had been raised above the sea by Tertiary time, 

and a few had significant mine influences during coal deposition. How- 

ever, xmm m y  the Cre- coal-bearing formations of Alaska have been 

maxineinfluemed. 

Table 3-NEAR HERE 

The trends i n  the physical and chemical coal characteristics prwiously 

reported widely in the l i tera ture  for other basins with similar settings in 

the United States are caparable to those &served in Alaska's coal basins. 

Coals formed in continental settings in Alaska tend to be mre discontinuous 

la tera l ly ,  range widely in thickness (thin lenses to beds wer 30 m), contain 

variable but often relatively high mineral matter and ash contents (predani- 

nantly s i l i ca  and kaolinite) ,  but are extranely law in sulfides and the trace 

elements of ten associated with them. Alaska coals f ran marine-influenced p a l q  

avironments, by contrast, show generally apposite o r  dissimilar trends in 

coal characteristics frcm those fonned in continental settings. 

susI?NA LokuwD 

GENERAL PHYSIGRAPHIC AND GEOLGIC SETTING 

The ent i re  Coak Inlet-Susitna lwland Tertiary province is about 515 h 

long by 130 km wide (figure 4 ) .  The Susitna lowland portion of the province 

enampasses a b u t  12,000 h2. The lwland is bounded by the arcuate Alaska 

Range on the north and west, the Talkeetna bbuntains on the east ,  and Cook 

Inlet on the south. Surface elevations of the lowlands increase from sea lwel 

at  Cook Inle t  northward to about 300 m. Isolated uplands of intrusive and pre- 

Tert iary rocks rise to 1,200 m above the surrounding lowlands. 

The Susifna lowland includes northem Cook Inle t ,  and is in fact  a north- 

western extension of the Cook Inlet  Tertiary basin. Bames (1966) terms the 

area the Beluga-Yentna region. The Castle i%untain fau l t ,  a major northeast- 

trending discontinuity separates upper Cook Inle t  (on the south) and the 

Susitna lawland (on the north). Most stratigraphic studies on the Cook Inlet  

petroleum province terminate a t  the faul t ;  however, important coal deposits 

in the Beluga area l i e  on both sides of the fau l t  zone. 

Figure 4--NELAR HERE 



The central sUsitna lowland is a broad, relatively f l a t  to  slightly irre- 
gular terrain that increases in rel ief  toward the foothills.  -11 and Y a e  

(1978) classify the msicqra@xLc and geologic features of the Beluga area into 

1) high nmmtaim and foothil ls  of Mesozoic and 1- Tertiary metamorphic and 

igneas rocks; 2) an adjacent plateau underlain pr imr i ly  by Tertiary coal- 

bearing rocks w i t h  a generally thin and discontinuws cover of Quaternary- 

Tertiary(?) glacial  deposits; and 3) lowlands underlain by thick Quaternary 

deposits--principally of estuarine and fluvial origin---that are separated 

fran the plateau by major escapmts .  

Large glaciers nearly reach the margins of the Susitna lawland. During 

Pleistocene time, a t  l eas t  f ive  glaciations affected the lowland (Karlstran, 

1964; Nelson and Reed, 1978) and evidence indicates that ice f i l l ed  upper 

Cook Inlet to present elevations of wer 1,200 m (Karlstran,. 1965, p. 115). 

Retreat of glaciers frun the Susitna lowland l e f t  a landscape dmihated by 

glacial and glaciof lwial  landforms including fluted mraines, drumlins, ket- 

t l e  lakes, ponds, marshes, bcgs, and scoured bedrock (Karlstran, 1965) . Valley 

features created by p i g l a c i a l  act ivi ty and mass mement include talus 

slopes, landslides, avalanche chutes, and rock glaciers. F l w i a l  processes 

continue t o  mdify the floor of the lwland. 

The current stratigraphic n m c l a t u r e  for  the Tertiary coal-bearing . 
s t ra ta  of the Susitna lowland was f i r s t  proposed by Calderzl;ood and Fackler 

(1972) for  the Cook M e t  basin (figure 5) . Because of the thickness and 

canplexity of the T e r t i a r y  sedirrrentary sequence, they changed the 'Kenai 

Formation' origindlly adopted by D a l l  and Harris (1892) to  the K e n a i  Group, 

and recognized that  it contains five dist inct  formations: West Foreland, 

H e m l o c k  Conglmerate, Tyonek, Beluga, and Sterling. Ivbst of the major o i l  

f ie lds  of the Cook Inlet  region produce £ran the Hemlock Conglarrrerate (Ma- 

goon and C l a p l ,  1981), and past petroleum exploration in the region has 

yielded valuable stratigraphic i n f o m b o n .  O i l  or  gas has been produced 

f r m  all formations of the Kenai Group (Calderxcd and Fackler, 1972)  . 
- - -- - - - 

Figure 5--NEAR HERE 

The K e m i  Group represeqts c las t ic  fore-ac basin deposits of both 

early and la te  Cenozoic tectoriic cycles (F i she r  and Magoon, 1978; Schmll 



and others, 1981) . 'Ihe rocks display many characteristics of a continental flu- 
vial system. 'Ihey are d t a i c  except for locdl lacustrine deltas, and appear 

--particularly the Fomation-to be products of a sinuously meandering 
fluvial reginm. La- migration produced f ining-upward sequences, and rapid 

lateral and meal changes in lithology are camon. Channel deposits are 

chamcteristically coarse-grained sdimmts; f ine-grained moted siltstones, 

shales, and thin coals represent interfluve sedhmts. Levees flanking channels 

are typically fine-grained sandstone and siltstone. Sedimenw structures, 

other than cross-stratificatian in coarser-grained units are rare on natural 

expo-. 
Sedimnts of the Kenai Group in the Susitna lowland wre shed mstly fran 

plutonic and metamqhic sources in the e c a l l y  active Alaska Range and 

Talkeetm bmtains . The nodel of Kirschner and Lyon (1973) consists of a broad 

intemmtane trough confined by borderlands of low to derate  relief in wann 

to -ate climatic conditions. They divide the deposition of the Kenai Group 

of the Cook Inlet basin into three phases based on the lithologic and mineraIo- 

gic character of the sedinmts: 1) an Oligocene-Miocene transgressive phase; 

2) a brief late Miocene culmination (stillstand); and 3) a Pliocene regressive 

mse. The West Foreland Formation, H e n l o c k  Conglcmerate, and the 1- part 

of the Tyonek Formation m e  deposited during the transgressive phase. The late 

Miocene ahhation was characterized by a transitional period of l k e q y  

sedimentation during M c h  the siltstones, carbonaceous shales, and codls in 

the upper part of the Tyonek Formation and the lower part of the Beluga Fonna- 

tion were deposited. All of the factors related to coal formation---plant 

growth, basin subsidence, sediment supply, ccsnpaction, and interaction of the 

ground water table--nust have been favorable at this time. The upper part of 

the Beluga Fonnation and the Sterling Fomtion were deposited during the 

Pliocene regressive phase. 

Wsures of the Kenai Group are confined to the basin rim (foothills 

of the Alaska Range) and to isolated, usually steep walls of incised and 

largely inaccessible stream canyons in the lowlands. Tertiary rocks are 

usually werlain by Pleistocene glacial drift or stream alluvium, which 

veil the underlying formations. The contact between Tertiary and Quaternary 

s-ts is difficult to discern in m y  areas since it is often masked by 

deep weathering or buried. Coal-bearing outcrops are widely distributed but 

discontinuous and highly weathered. Spatial relationships are difficult to 

observe because of the lack of continuous exposures. Without the essential 



subsurface mtrol, the horizontal migratian of individual facies is not well 

ducunmtea. 

s ' E u m m L ~ A N D R E G I ~ ~ S M  

The Susitna lowland is an enbayment of the Cook Inlet back-arc basin or 

intenmntane half-graben (figure 6). Kelly (1963) colrcluded it is separated 
frcm the Cook Inlet basin by a part ial ly buried ridge of granitic rocks. The 

major synclinal axis of the C d c  Inlet basin bifurcates northard w i t h  one 

a m  -ding into the Yentna region and the other sctending northeastward 

into the Matanuska Valley. These pill-apart e x t e n s i d  basins or r i f t  val- 

leys are typically f i l l ed  with continental deposits and are characterized by 

a larye number of discontinuous coal. seams. 

Figure 6-NEAR HERE 

Payne (1955) recognized f ive arcuate Wsozoic tectonic elements in south- 

central Alaska: 1) Chugach Mountains geosyncline, 2) the Seldwia geanticline , 
3) the  Matanuska geosyncline, 4 )  the Talkeetna geanticline, and 5) the Alaska 

Range geoqncline (figure 6 )  . The Shelikof Trough, which includes the Susitna 

lwland, is a Cenozoic structure superimposed on these Mesozoic geanticlines 

and geosynclines. During widespread orogeny a t  the end of the Cretaceous period, 

the Talkeetna Mauntains restricted part of the Matanuska geosyncline and became 

the eastern boundaq of Shelikof Trough (Gates and Gryc, 1963) . 
According t o  Hackett (1976a) , the Tertiary basins of the upp~xr Cook Inlet  

region represent a system of t i l t e d  horsts and grabens produced by extensional 

fragrrwtation of a pre-Tertiary b a s m t .  He postulated (p. 13) substantial 

translational and rotational block m m t s  in south-central Alaska during 

l a t e  Cretaceous and early Tertiary times, caused by a change f m  no& to 

oblique Suwuction between major plate boundaries. Continued oblique r i f t ing 

during the middle and l a t e  Tertiary further accentuated these basins. 

Bauguer gravity highs in the southern Susitna lowland correlate with ex- 

posures of pre-Tertiary b a s m t  rocks, whereas lows indicate areas underlain 

by Tertiary Kenai Grou~ s~~ rocks. The Beluga and Yentna. basins are 

characterizeZ by steep gravity gradients and l o w  Bouguer anamlies indicating 

the presence of large basement discontinuities forming deep tectonic basins. 

The regional gravity gradient over the upper Cook W e t  reglon infers a gra- 

dual westward thickening of the earth's c r ~ s t  (Barnes, 1976; Hackett, 1 9 7 7 ) .  



Relief on the basement surfice generates the larger ancrtlalies 

aver the lwland (Hadwtt, 1977) . 
A ne jar-- discontinuity consisting of the Bruin Bay fault,  the 

mqumkie amtact, and that part of the Castle IWmtain fault  east 

of the lbedam River divides the Susitna lowland into a deeper southeastern 

segmnt and a shall- no- segment. The southeastern portion subsi- 

ded mre rapidly than the northwestern part during the a c d a t i m  of Kenai 

C;rcrup strata. North of the Castle Matntain fault ,  the Kenai Group is typical- 
l y  less than 600 m thick, wfiereas in  the southern Susitna lowland it is can- 

lrmily less than 3,000 m (Grantz and others, 1963; Wolfe and others, 1966; 

Caldenmod and Fackler, 1972; Har&nm and others, 1972). 

These major high-angle reverse faults and -1-scale high-angle block 

faults w i t h i n  the Susitna lawland have definitely offset the coal deposits. 

M s t  of the s t r a t i g r a F c  studies of the Cook Inlet  petroleum province temi- 

rate sauth of the Castle Mountain fault.  Haever, important cual leases i n  

the Beluga basin are on both sides of the fault  zone. The ultimte effect of 

these on f u w e  coal exploration and develapnent has not yet been fully as- 

certained. Dawnthrown blocks m n l y  localize channeling and result in the 

erosion of coal seams. HOhFWer, the faulting has served to lccalize certain 

blocks favorable for  coal mining, as in the Chui- River coal subf$eld of 

the Beluga area, wh ich  occurs near the surface in an upthrown block of the 

Tyonek Formation. . 
The major faults of the Cook Inlet region have acted to control the de- 

veloprwt and general configuration of basinal depocenters. In addition to 

coal, these thick sedimentary rock sequences m y  hold sam potential for oil 

and gas resources as  w11 (Hackett, 1976b). The Susitna lowland contains 

several subbasins within the m a i n  basin all of which have shared a similar 

tectonic and sedimntolcgic history. Hawever, each contains a variable number 

and thickness of coal beds. 

DEPOSITIONAL EMrIRONMENTS OF KENAI GROUP COALS 

Source areas adjacent t o  the basins of the Susitna lowland were rejwe- 

nated during the la te  Cretaceous and e a r l y  Tertiary. Periodic or gradual up- 

lift converted areas of the basinal flood plains into widespread coal-forming 

environments by la te  Oligocene to  middle Miocene time when the Tyonek Forma- 

tion was deposited (figure 7 ) .  Vegetal and wxdy materials accumulated and 



pea- fo- in these stagnant &psitianal areas. The ground-water table gra- 

dually rose, precluding 'drowning' of the developing peat swmps, and the sedi- 

nwt supply m restricted, wfiich also praroted peat fomtion. 

-- 

Figure 7--NEAR HERE 

The rate of subsidence varied f m n  area to  area in the Susitna lowland. 

Rapid subsidence d d  have initiated the accumhtion of clastics. -err 
gradual subsidence w i t h  periodic stillstands resulted in the formation of 

c o a l s w a m p s i n  - paleotqqraphic lows be- flood wents. A t  any one . 
tinre, m t  (or coal) w a s  probably forming in relatively m a l l  axeas of the 

region, as i l lustrated by the lack of extensive lateral continuity of the 

seams. Coal-seam partings also show the nonunifollnity of co~di t ions  wer the 

Susitna lowland, and indicate that la te ra l  shift ing of swamps and other sub- 

envixmmnts occurred with time. 

mst of the stratigraphic sequences w i t h i n  the Tyonek Formation of the 
- 

K e n a i  Group display fining-upllmrd texture. Although same locales display cy- 

c l i c  characteristics, they are not cyclothems in the classic sense. A typical 

full cyclic sequence includes (frcan bottcm to top) conglanerate, often an 

imMture petrcmict; pebbly, very coarse-grained sandstone; medim- to coarse- 

grained sandstone; fine-grained sandstone: fine-grained sandstone &terkedded 

with shale and siltstone; underclay, carbonaceous shale, or siltstone; and . 
6. As  expected, a camplete cycle is e x t r a l y  rare because of erosion and 

truncation. Full sequences are predicted to occur nearer the depositing chan- 

nel (Duff and others, 1967) . 
These cycles result  £ran shif ts  of channels and sediment deposition 

across an alluvial plain as  indicated by lithologic relationships. The 

coarser basal units represent lateral-accretion deposits that ccmmnly are 

cross-bedded. The upper finer-grained units represent overbank and lake or 

swamp d e p s i t s .  A s  proposed, the flw-regirne intensity progressively de- 

creases upnrd through the section. The cycles witness relat ive quiescent 

periods (tectonic l u l l s )  during the Tertiary when large areas of the bas- 

flood plains were coal-forming swamps that alternated w i t h  periods of up l l f t ,  

relat ive rapid basin subsidence, and the influx of c las t ics .  In general, the 

T e r t i a r y  was a tine of widespread but discontinuous coal formation in the 

Susitna lowland. Conditions conducive to  coal f o m t i o n  were mst favorable 



during the late Oligocane to  middle Miocene during the deposition of the Tyo- 

nek Fonnatim. 

The m- codl. f ie ld  lies i n  the valley of the Matanuska River a t  the 

head of Coak Inlet between the Talkeetna and Chugach mxrntain ranges of south- 

central Alaska (figures 1 and 8 ) .  The coal f i e ld  varies fran 9.5 to 13 lun in 

width, is 0ve.r 60 km long, and has an area wer 500 h2. The valley generally 

trends N. 70' E. and lies anywhere fran 40 to  95 km northeast of tidewater. The 

lmer Ntanuska Valley (below Chickaloon) is about 160 Ian mrth of Seward 

(where Alaska's f i r s t  coal export f ac i l i t y  is being bui l t ) ,  wfiile the Anthra- 

c i t e  Ridge district in the upper bbtanuska Valley (abuve Chickaloon) is nearly 

320 lun fran the coast a t  Seward. The Wishbane Hill district is located 65 km 

northeast of Anchorage. The Matanuska coal f i e ld  is accessible by r a i l  fran 

either Seward o r  Anchorage, and is also transected by the Glenn Highway. 

Figure 8--NEAR HERE 

The Matanuska Valley connects the t w  broad physiographic regions of the 

Cook Inlet-Susitna 'lowland on the west and the great in ter ior  highland basin 

of the Copper River i n  the east. The Matanuska River i t s e l f  originates near 

the southwest corner of the Copper River Plateau and flaws for nearly 160 lan 

generally along the south side of the coal f ie ld  near the Chugach Pbuntains 

and eventually empties into Knik Ann, the  northeastermast branch of Cook In- 

l e t .  The rugged Chugach lvlountains on the south side of Matanuska Valley in- 

clude n m m s  peaks fran 2000 to 3000 m high. Mountains of the southern T a l -  

keetna Range rise rather abruptly also f r m  the fa i r ly  deep depression of 

. Matanuska Valley. The general maximum elevation in Matanuska Valley ranges 

frcm 1500 to 1800 m (Martin, 1906a; Paige and Knopf, 1907; Capps, 1927; rnc.k, 

1937; and Apell ,  1944). 

The W e e  major d i s t r i c t s  of the Matanuska Valley are Wishbne H i l l ,  

Chickaloon, and Anthracite Ridge. The L i t t l e  Susitna f ie ld  (figure I ) ,  al- 

though considered by sarne as  within the lmer Matanuska Valley, contains 

coals of the Kenai Group t h a t  are V r e  akin t o  those of the Susitna lowland. 

Five significant coal subbasins (subf ields) have been distinguished in the 

Matanuska Valley---Eska-Moose, Young Creek, Castle Mountain, Chickaloon, and 
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Anthracite Ridge (mitt and Belowich, 1984 ; figure 8) . The Eska*se 

basin stretches f r a n  mse Creek eastward to the valley of Eska Creek and 
essentially encarpasses the Wishbone Hill region. me Ycung Creek subbasin 

is intemdhte in position between the Eska-Wse and Chickaloon fields, 

and includes the coal deposits around Red Mxmtain. The deposits south of 
Castle Mcuntain and along the middle Kings River occupy the Castle Mauntain 

suhbasin, while the deposits south of the Matanuska River in the vicinity of 

Coal Creek are included in  the Chickaloon -sin. East of the Chickaloon 

subasin, there are no significant coal-bearing outcrops until reaching the 

Anthracite Ridge subbasin. 

L r n m m x r I G R A e H Y  OF TEKrIARY CHIcKALmN F O ~ I O N  

The main Tertiary rock units of the Matanuska Valley are the Chickaloon, 

Wishbone and Tsadaka Fomtions,  volcanic beds, and intrusive rocks (table 4 ) .  

The Eska Conglarerate, Mch forms the rrain mass of Wishbone H i l l ,  is an in- 

f o d  unit including the Wisldxne and Tsadaka Formations. Barnes and Payne - 

(1956) divided the Eska Conglanerate based on ccmpositional differences in 

the conglarerate and the presence of an unconfolnity between them. The Chicka- 

loon Foxration is Paleocene to earliest  Eocene in age, forms the base of the 

early Tertiary cycle, and is werlain unconformably by the Wishbone Fomtion. 

It contains an abundant flora, with fossil  leaf impressions abundant in the 

roof rock of codl seams. An angular unconformity separates the Chickaloon For- 

mation fran the underlying Cretaceous Matanuska Fomtion, which mkes up wer 

a third of the bedrock outcrops of the Matanuska Valley (Grantz, 1964). 

Table 4--NEAR HERE 

The Chickaloon Fomtion i s  a t  least  900 m thick and contains up to 30 

ccal beds i n  the upper half of the unit (Conwell and others, 1982). All known 

coal deposits in  the Matanuska Valley are included in the Chickaloon Forma- 

tion, a unit that is m r e  extensively outcropped north of the Matanuska River 

than south of it. Chickdoon Formation strata of the Matanuska Valley differ 

frm Ter t iaq  Kenai Group strata of the Susitna lowland in age (i . e . , being 

older), in l i tho lqy  and structure, in the presence of associated intrusives, 

and in the character and rank of the interstratified coal seams (Paige and 

Knopf, 1907). The general stratigraphic relations of the Chickaloon Fomtion 

with older rocks is complex. The unit appears to  have undeqone similar de- 



/ 

mtim as the underlying ~retacecrus rocks, and has been folded and faulted 
siderably sins deposition. Sections of the Chickaloan E'oxnation f run different 

localities are Uficult to correlate due to the rmmera;ls faults ,  and both the 

lenticulari ty and relative similarity in many of the beds. 

The Chkkabm -tion consists of a mmtaWuS q e n ~ e  of shales, sand- 

stones, coal seams, and thin -1-te lenses. Shales are mst abundant in 

the formation, but the praportim of sandstme is higher in the lower part of 

the unit. The mmemus coal seams occur minly  in groups of three or mre beds 
(Barnes and Payne, 1956) . The character of coal, sandstone, and shale beds vary 

considerably bath in thichess and texture w i t h i n  short distances. Thickness . 
W e s  m y  have resulted largely by differential -on. The shales are 
typically sandy, gray to dark bluish gray, feldspathic, f i s s i l e ,  sane w i t h  thin 

maly streaks and abundant organic matter, and inters t ra t i f ied w i t h  sandstones 

in regular beds. The sandstones are gray, hard, f ajrly well consolidated, len- 

ticular, arkosic, w i t h  d i s h t e d  mscavite and abundant shale and other rock 

fragments, and thick-bedded in the 1- part of the formtion. C o n c r e t i o w  

iron carbonate in nodules and thin lenses is  ccmrron throughout the Chickaloon 

Formation. The uni t  resembles saoewhat the Paleozoic coal measures of the 

Appalachian region (Paige and Knopf , 1907) . 
The coals of the Chickaloon Formation range in rank f r m  suhbiturhous t o  

anthracite. Generally, mst coals of the 1- Matanuska Valley are'bituminous 

while those of the upper Matanuska Valley are semianthracite t o  anthracite. 

The codls of the Anthracite Ridge di'strict have been upgraded because of re- 

gional deformation and contact w i t h  igneous intrusions. 

STR- G E D m  AND REGIONAL TECKRJISM 

The Matanuska Valley occupies a portion of the Hesozoic structural trough 

named the Matanuska geosyncline by Payne (1955) . This trough is bounded by the 

Talkeetna and Seldwia geanticlines on the north and south respectively. The 

geologic history of the Matanuska geosyncline as a marine depositional. trough 

ended by orcgeny in Paleocene and Eocene time (Grantz, 1964)  when an extensive 

continental sedimentaq basin developed. By the end of the Eocene and the ces- 

sation of coal formation, the surrounding region was uplifted w i t h  thick dep-  

sits of gravel and sand la id  down in the lower (westem) reaches of the basin. 

A m j o r  period of up l i f t  in the adjacent Chugach IWuntains took place i n  the 

Miocene and Pliocene epochs (Kuschner and Lyon, 1973) .  Btensive faulting oc- 
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curred in the Neogene w i t h  igneous rocks intruded into the sedhentaq deposits 

in the Pliocene. Erosion and weathering has amtinued to carve and shape the 
geamrphology of tk region since the Pliocene. Rle Matanuska River cut its 

present valley after extensive excavation by repeated adwnces and retreats 

of the Ma- and other glaciers during the Pleistocene. 

Tne Matanuska V a l l e y  is an extension of the Coak Inlet Tertiary basin and 

f a l l s  w i t h i n  the fore-arc terrm of the Alaska-Aleutian volcanic arc. Faulting 

in the region has resulted fran intraplate strain caused by subduction of the 

Pacific plate beneath the convergent margin of the North American plate (Bruhn 

and Pavlis, 1981). The Matanuska basin narrows considerably toward the north- 
* 

east *ere the coal-bearing Chickaloon Fomtion has undergone the greatest 

amunt of axpression. The Matanuska Valley is essentially a large graben, a 

structural basin 8 t o  1 6  km wide and about 80 km long. 

The coal-bearing m t a r y  rocks of the region are bounded on the north 

by the large-scale, high-angle Castle Mountain fault  system named by Barnes 

and Payne (1956) , and on the south by the Border Ranges fault  system. The Cas- 

t l e  Mxmtain fault  system separates the Matanuska Valley pmper frcm the plu- 

tonic and mtamrphic terrane of the Talkeetna lWuntains to the north, and the 

Border Ranges fault  system separates the valley f r m  Jurassic to upper Creta- 

ceous -tary, n - e t a s ~ t a x y ,  and volcanic rocks of the Chugach m t a i n s  

to the south. In general, right-lateral separation has taken place aong the 

Castle Wuntain fault  throughout Mesozoic and early Tertiary time and vertical 

separation since Oligocene time (Gr&, 1964) . 
Chickaloon Formation rocks are generally strongly to moderately folded, 

predminantly open but locally sharp and overturned, with steep dips and m 

plex structures present throughout much of the Matanuska Valley. However, scm 

tracts shaw a uniform dip  for considerable distances. The strike of rocks m 

general are parallel to  the easterly trend of Matanuska Valley. The strata are 

affected by a large numkr of faults w i t h  a -11 throw, often cutting the 

axes of folds. Transverse faults show p r e d d n m t  southeast dips and have un- 

dergone a greater m u n t  of mmt. In no& faults, the southeast block 

has generally wved down relative t o  the northwest block. 

!The daminant structural feature of the lower Matanuska Valley is the Wish- 

bone H i l l  syncline, a canoe-shaped open fold t h a t  extends the full length of 

the d is t r ic t  and is cut Into blocks by several major transverse faults (Barnes 

and Payne, 1956) .  These north-trendmg faults m y  represent secondq  shears 

related to  deformation along the Castle Mountam fault system (Bruhn and Pavlls, 



1981). The Wishbne Hill qmline strikes south 55' m 80' west, and its 

displays a plunge to the southest of 10' to  25'.  Coal beds cmp out ammd 

& margins of tbt syncline, srtend to  considerable depths beneath Wishbane 
H i l l ,  and marr Within the Jmesvil le,  Prenier, Eska , and Burning Bed coal 

series. Past mining has been largely restr icted to the mderately dipping 

north lirrd, of the syncline. 

In general, areas ammd W i s h k c m e  Hill of the lower Matamsb Valley, and 

Castle Mxmtain and Chickaloan of the central Matarmska Valley are less struc- 

tural ly disturbed than those around Anthracite Ridge, e e  the coal-bearing 

strata are folded east to wt into a broad synclinal basin. S t r u c t u e  i n  the 
Chickal&n & district is sawhat mre q l e x  than to the west, with fault- 

ing and ignecus intmsives rmch m r e  prevalent. The abundant exposures of the 

Chickaloon Formation along the gulches that drain the south flank of Anthracite 

Ridge aptly shw that w-ed folds are com~n in the area, faults are nure- 

raus, and the beds axe intruded by both large and mall sills and dikes. 

DEPOSITIONAL -s OF CHI- FORMATION CQALS 

An extensive fresh-water basin of deposition developed in the Matanuska 

Valley region in Paleocene and early m e  tine. A warm and -ate cli- 
mate is inferred during th i s  period based on the widespread foss i l  plants of 

the ChicMmn flora (Wolfe and others, 1966) . The basin £0- upn a sur- 

face of considerable rel ief  with the basal Chickahn  Formation beds deposi- . 
ted in the lowest parts of the basin. Thus, the lmest Chickaloon Formation 

beds a t  any one location do not necessarily correspnd in age w i t h  the basal 

s t ra ta  a t  a l l  other places. A s  the area of a t a t i o n  broadened, succes- 

sively younger portions of the formation were deposited u p n  the floor of the 

expanding basin. The recurrence of marshy conditions formed coal beds of rrcde- 

ra te  evtMt locally within the basin. Alternating periods of relatively weak 

and strong orogenic meprwts  dictated the conditions prevalent across the 

basin. A f t e r  the deposition of the Chickalarn Fomt ion ,  a period of erosion 

followed, remnring the top s t ra ta ,  and subsequently the unit  was overlain un- 

confon~My by conglcmrate of the Wishtone Fomt ion  (Capps, 1927).  

The deposits of the T e r t i q  Chickdoon Formation lnclude channel and 

near-channel conglorerates and sandstones, flmdplain si l ts tones and s i l t y  

claystones, stagnant lake claystones, and wamp deposlts of coal, bone, and 

coaly claystone. In general, the Chickalmn Fomt lon  represents a f luvial ,  



braided to madering stream emiromrent in the lower part, and a flwial, 

rn8andering to paludal envimment in the  upper part (table 4 ) .  se03nd-order 

sedinmtary cycles developed in the coal -es w i t h  each period of up l i f t  

initiating a new cycle of fa i r ly  rapid d e p x i t i m .  m w l y ,  the f i r s t  

period was daainatted by river sedimentation forming sandstone, -1m- 

t i c  a t  the base, which graded upclJard into f iner clastics containing a few 

widely spaced d beds. Relatively long-sus- r e g i d  and stag- 

nant-lake conditions dweloped subsequently during a period of quiescence 

whm alternating beds of minable d, bone, claystone, and i n m t e  
lithologies fo& (Payne, 1945; Clardy; 1978). 

BEFUNG RIVER BASIN 

PHYSIOGRAPHIC AND GEDLCGIC SETTING 

The Bering River coal basin is located in the Katalla district of the 

Controller Bay region and Gulf of Alaska Tertiary province, southeast Alas- 
2 ka (figure 9 ) .  Outcrops are scattered wer sare  180 km of east-central 

Cordova and west-central Bering Glacier Quadrangles. The coal f ie ld  is cen- 

tered about 95 km southeast of Cordwa on Prince W i l l i a m  Sound and 19 km 

northeast of Katalla, lying between latitudes 60'15' and 60'30' N. and longi- 

tudes 143'45' and 144'20' W. The wedge-shaped f ie ld  extends about 32 km east- 

west in an area north and northeast of Bering Riw and 3 to 1 0  km k d e  in- 

creasing taward the east. It is bounded on the north by the Martin River and 

Bering Glaciers of the augach bbuntains, by Ste l lar  and Bering Glaciers on 

the east ,  by the Gulf of Alaska on the south, and Bering Lake and the Copper 

River delta to the west. The be l t  extends northeastward fram Bering Lake to  

the east side of the ridge culminating in Mt. Hamilton, to  Shepherd Creek, 

t o  Cakon Creek and Kushtaka Ridge, t o  the basins of Trout, C l e a r ,  and Canyon 

Creeks, and to Carbon Mnmtain in the east. The codl f i e ld ,  thus, occupiss a 

part of the foothil l  zone between the Chugach Mmntains and the coast (Fisher 

and Calvert, 1914; Barnes, 1951; Sanders, 1976). 

The relief of the region ranges £ram sealevel to about 1070 m, with mst 

of the fault-controlled muntain ridges being about 600 m above sealevel. TWJ 

main types of physiographic develo-t characterize the area---irregular, 

northeast-trending, densely forested rugged h i l l s  (for exarrcple, Carbon, Canyon 

Creek, Cunningham, and Kushtaka ridges) of moderate elevation and featureless 

Figure 9--NEAR HERE 





Miocene) Units include the Upper -(?I and K a t d b  F 0 1 3 ~ t i a ~  W hold 

up to 2,740 m of less indurated and less defomed rocks in the Katalla dis- 

trict. lbe 'MMI Ebmntion specifically is camposed of gray to dark gray M e  

(Ndstoare, siltstme, and claystme) and gray to  brownish-gray , f ine-grained 
banded sandstane. Ihe entire Tertiary seqence dl- at least 6100 m of 

marine and continental sedimnts in this area. Although the exact thidcmss 

of the coal-bearing Kushtaka Formation is unkncrwn, its total thickness is 

p-ly wer 1000 m. In general, there are t w  main ws of outcraps in 
the Katalla district-unconsolidated sedimmts of recat deposition occupy- 

ing the lowlands, and the indurated and highly folded T e r t i a r y  shales, sand- . 
stones, coarse arkoses, and coals of the hills (Fisher and Calvert, 1914; 

Miller, 1961; Plafker, 1971; and Wheelabrator, 1983). 

The Kushtaka Formation consists of alternating series of interbedded (in- 

terbnguhg) g r a m e ;  coarse, pebbly, f eldspathic to  arkosic , and m n l y  

calcareous sandstone; si l ts tone;  shale; claystone; and coal. The sandstones 

are micaceaus and poorly sorted with crushed quartz and c o d e d  feldspar 

grains. Tfie coal-bearing s t ra ta  are intruded by diabase and basalt dikes and 

sills (Fisher and Calvert, 1914)  . 
C o a l  beds of the Katalla district a re  distributed throughout the entire 

thickness of the  Kushtaka Fomt ion  and are restr icted to  it. The werlying 

Tokun Fomt ion  and the at-least-partially stratigraphically-equi&ent S t i l l -  

water  Fomt ion  are barren. Coals can be seen only m isolated outcrops, and 

it is impossible to  ascertain the exact nmber of coal beds due to the canplex 

structure and possibility of repetitions (Barnes, 1951; Sanders, 1976). Fisher 

and Calvert (1914) cited a t  least 22 ccal beds wer 0.9 m in thickness, but 

they also recognized that sme may have been duplicated by folding and faultmg. 

It appeared t o  them t h a t  the coal beds occurred in the sequence in three inde- 

f i n i t e  groups---a 1- group of 8 mderately thick beds 30 t o  250 m apart; a 

middle group of 9 beds in 120 m of s t ra ta ;  and an upper group of 5 beds, m r e  

widely spaced than in the middle group. 

The ccals of the K-tdKa Formation can be traced only over a short dis- 

tance because of extrxm la tera l  thickness changes. The lack of persistence 

is due both t o  s t r u M  deformation (squeezug, faulting, and truncation) and 

to stratigraphic t . h i r ~ ' ~ g  (Fisher and. Cdlvert, 1 9 1 4 ) .  Correlation is e x t r a l y  

m f i c u l t  because of the faultlng ad. folding often repeating sections and also 

due to the lack of bqnost:c key SeCs. Although the coal beds are very discon- 

tmuous, they can be very thlck lccally, m n l y  found m large pods or lenses 



from 1.8 to 9 m, rarely b 18 m. The coals increase in rank frcm the -tern 

part of the f ie ld  to the eastern part. They have been greatly dWOlatilized 

t h m q h  lowlgrrrse regional ,metam- associated w i t h  the deformation of 

the area, an8 range i n  rank frun high-volatile bitminous i n  the western 

part of the district, to low-volatile bitunincms in the middle part, and to 
semi-anthracite and anthracite east of Canym Creek. The coals are lhosacaking 

for the mst part (Sanders, 1976). 

SrWCNRAL QDUXX AND ! ! X X N S M  

The s t m c t w e  of the Bering River coal basin is carrplex and poorly under- 
* 

stood. The ccmplexity of the werall structure in the thick sequence of Ter- 

tiary sedimntary rocks increases frcm southwest to  northeast. The intensity 

of folding grows progressively northeasbard w i t h  the extrerrre northeast area 

of the basin greatly cmpressed. The magnitude of displacanent of the numeraus 

faul ts  also appears to  increase northward. The folding and faulting in the re- 

g i m  is c~npl icated by the local implacarrent of stocks, dikes, and sills and 

t h d  metamrphisn of surrounding sedimntazy sequences. 

The Katalla area of the eastern Gulf of Alaska is located a t  the boundary 

of Pacific and North American lithospheric plates, and hence has been subject- 

ed to intense dynamic stresses. Convergent plate mt ion  is accamodated by un- 

derthmsting of the Pacific plate beneath the North Awrican plate &.ong the 

northwestward-dipping Aleutian subduction zone. This underthrusting results . 
in ccmpression of the werlying crust causing the folds, high-angle reverse 

faul ts  and thrust faul ts  that  are manifest in the Bering River coal basin 

(Wheelabrator , 1983) . 
Tertiary rocks have been intensely folded and cut by many faul ts  caused 

by up l i f t  and campressive forces n o d  to the Chugach I%xntain front. Pre- 

Tertiary rocks of the region have been subjected to  both early and l a t e  Ter- 

tiary (to Quaternary) diastrophism culminating fram tm major orcgenic epi- 

sodes in early and l a t e  Cenozoic t h .  The Katalla area was subjected t o  a 

significant east-west q n e n t  of ccanpressive s t ress  during early Tertiary 

(Paleogene) orogeny. Necgene tectonic activi ty involved consequent folding 

and faulting of bedrock materials, associated metamorphism w i t h  local igneous 

intrusions, and subsequent regional up l i f t  in Quaternary and Holocene t i re .  

Glaciation has continued to  sculpt the terrain, and mantle the area with mrai -  

nal materials during prolonged glaciof lwial  deps i t lon  (Miller, 1951; Plafker, 

1971; Wheelabrator, 1983). 

The Bering River basin can roughly be divided lnto structural prwixces 



w i t h  Canyon aeek as a general bamdary line. The western district is 

dmmzkrized by open and fair ly  regular folds striking northeast ard dipping 

northwest with at least w major and several minor s y n c l b .  The dis- 

trict, east cd canyon Credc, is more m l e x  w i t h  folds in part overturn&, 

locally c a q l d y  .D, a mnplicated system of w m t  faults, and nurerow 

dikes and sills of ignecrus rocks. The strata on f i r s t  appearance sean to ex- 

hibit relatively uniform no- dips, fr-tly a t  low angles. Havever, 
the stmcture is mre raveled than the apparently uniform strike and nrmocli- 
nal dip seem to  indicate. It is actually characterized by close om%nnd 
folding in which the tightly axpressed rocks are bent back on themselves with 

opposite lhbs of folds parallel. The axes of many of the individual folds are 

broken by faults causing further repetition of beds (Martin, 1906b; Barnes, 1951) . 
Sanders (1976) describes the q l e x  series of folds as highly distorted, 

greatly mnpressed, isoclinal, chevron-like, and incorporated into an imbrica- 

tion of bedding plane faults. He  envisions a model wherein the -tent strata 

of the werlying Tbkun Fomtion acting against the asswed -tent strata-of 

the St i l lwater  Formation set up a shear couple within the relatively incapstent 

Kushtaka Formation. The 'Ibkun Formation was forced wer the 1- block of 

Stillwater Formation creating a thrust relationship between these units. The 

ccmpression and sho- was absorbed by the i n c a p t e n t  Kushtaka Fomtion 

as a  ole. In essence, Kushtaka Fomtion strata was crushed and &eezed out 

between the adjacent canpet& Tokun and Stillwater Fomtions. . 
Major regional structural features include the Carbon Creek anticline and 

a nwlber of northward- to northwestward-dipping thrusts. A t  least  four knam 

larye magnitude high-angle rwerse faults traverse the area of the Bering River 

coal field f m  northwest t o  southeast. Faults of lesser dinension, sare with 

throws of less than 100 m t o  200 m, are also prevalent. Both the major and minor 

faults are generally vertical or steep w i t h  north to west dips and the f a t w a l l  

on the south and east sides. Othss shod opposite dip-slip displacment or a 

large c a p n e n t  of lateral displacerwrt. The m u n t  of d i s p l a c m t  has not been 

accurately determined on any of the faults. The closely spaced folds an6 tight- 

l y  carpressed anticlines and synclines of the Bering River basin trend north- 

eastward with sane of the folds overturned to the southeast. Beds throughout 

the coal field dip frcm 20' to 80°, c m n l y  a t  60' or mre ,  but average 40'. 

Pre-0i.a- rocks generally dip- to  the northwest and strike northeast, but 

vary locally ( N a r t b ,  1908; Miller, 1951; Banes, 1951; and Wheelabrator, 1 9 8 3 ) .  
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Tectcaric d e f m t i o n  has progressively elevated the rank of the coal east- 

ward w i t h  the increased carpression. Shearing, crushing, and srrall-scale fault- 

ing may have affected the av;erall character of the coal more than the major 

folding and faulting. Ihe coal occurs in very thick pockets to disc an^ 
lenses and is typically of a friable nature. Slickemides are prevalent in 

the mre capetent strata, whereas crushing is extensive along bedding planes 

in less capetent strata. Crushing was most camrm in coal beds w i t h  shearing 

planes highly dwelaped. me shearing has also caused the intrcduction of ad- 
ditional mities. The ccmplex structure of the Bering River coal basin is 

the mst important factor bearing on the ptential econanic value of the w a l  
L 

deposits, and ultimtely mst be unraveled in order to  detemine the true fu- 

ture potential of the large aggregate coal resource of the region (Barnes, 

1951) . 

DEFOSITIONAL -S OF KUSHTAKA FOFNATION CQAtS 

Detailed rt-cdeling of the depositional environments of the Kushtaka and 

other T & q  fomt ions  of the eastern Gulf coast of Alaska has not heen 

developed mainly because of the ccmplex structure and stratigraphic relation- 

ships existent w i t h i n  the rock units. In general, both marine and nomarine 

sedimnts are known to exist. 

The 1- Tertiary sedimntary sequence includes the ~ t i l l w a t e k  Forma- 

t i o n ( ? ) ,  the Kushtaka Formation, and the lower Tokun Fomtion. These shallm 

marine to  continental sedimentary &s contain abundant coal in  the eastem 

Katalla district. The lower Tertiary sequence contains a la te  Paleocene to  

la te  Eocene and possibly early Oligocene fauna and flora and was deposited in 

a subtropical to  tenperate environment. The Kushtaka Fomtion contains an 

abundant Eocene plant fossil  flora and thick carbonaceous deposits that form- 

ed in stagnant cOal swamps 50 million years ago. The Stillwater Fomtion, 

principally a marine siltstone, interfingers with and grades eastward into 

the entirely fresh-water deposits of the Kushtaka Formation. The middle Ter- 

t iary s&imntAry sequence includes strata of the upper Tokun and Katalla 

Fomtions that were deposited in moderately deep to  deep marine waters of 

a temperate e n v i r o m t .  The Tokun Fomtion was deposited on the Kushtaka 

Formation with l i t t l e  break in se&he'~tation but witnessi~g a gradual tran- 

sition to  deeper m i n e  water u v d  through i t s  section. Subsequently, the 

Katalla Formation was conforrrably deposim on the Tom Formation, and re- 

presents deep marine s h i t s  (Miller, 1961; Plafker, 1971) .  



Since unraveling the ccmplex structure of the Rushtaka  Fomation w i l l  u- . 

tinrately pruve to be the key limiting factor to future coal developnent in the 

~ering River basin, it is uncertain that a better understanding of the p a l e  

d e p o s i t i d  regime U d  a l low circumvention of the afor~nentioned more essen- 

tial p-ite. 

NENANA BASIN 

QNEWL PHYSICGRAPHIC AND GEOLXX;IC SETTING 

'Ihe general location of the Nenana basin of interior  Alaska is shown in 
figure 1 along w i t h  the other major coal fields and occurrences throughout 

the State. The region f a l l s  w i t h i n  the Alaska Range physiographic p m i n c e  

(Wahrhaftig, 1965), and encapasses an area over 6500 h2. Outcrops of the 

coal-bearing group are restricted to  an area less than 2500 h2. The bel t  of 

Tertiary coal-bearing rocks extends for  abaut 225 h along the north-central 

flank of the Alaska Range and is up to 50 h wide. The deposits are centered 

in an area about 95 km southwest of Fairbanks and 320 la north of Anchorage. 

The Nenana basin occupies a large area of the foothil ls  bel t  &.tween the 

Nenana and Delta Rivers, south of the Tanana Flats  and north of the Alaska 

Range. The Nenana trend continues 240 to 320 Ian southwest of the Nenana basin 

proper and includes. the coal-bearing rocks of the Farewell (Li t t le  Fnzona) 

f i e ld  (figure 1). 

Lignite Creek and Healy Creek are the rmst important of the structurally 

similar series of d isc0~e~ted subasins that fom the Nenana basin (figure 

10)  . The others include (f rcm west to east)  ---western Nenana, Rex Creek, Tat- 

lanika C r e e k ,  Mystic Creek, Wood River, West Delta, East Delta, and J m i s  

Creek. These relatively shallow coal suhbasins are generally aligned east- 

west parallel to  the structural trend of the foothil ls  belt of the Alaska 

Range. 

The Nenana basin is a region of diverse physiographic features. The rugged 

alpine ridges of the Alaska Range generally trend east-west, w i t h  numerous 

peaks within the range attaining altitudes over 3,000 m. M t .  Hayes has an d- 

titude of 4200 m, and Mt. McKinley, the highest mountain peak i n  North Aruerica, 

has an al t i tude of about 6200 m and lies southwest of the main coal f ields.  The 

outer ridges of the foothil ls  belt in the Nenana basin descend dmward t o  tie 

Tanana Flats ,  which is a lcwland o i  s l ight  rel ief  w i t h  a width of about 50 Ian. 

The northwaxd extent of the coal belt  beneath the Tanana Flats is unknown. 



Figure 10-NE2U HERE 

~ ~ a F T H E ~ ~ ~ G R o u F '  

The Tertiary coal-bearing group of the Nenana basin is less than 900 m 
thick and was subdivided by Wahrhaftig and others (1969) into f ive  fomat ims  

'(in ascending order) : Healy Creek, Sanctuary, Suntram, Lignite Creek, and 

Grubstake (figure 11). The folded and locally faulted s t ra ta  are loosely to 

mderately consolidated and deeply incised. Locally thick sections are ex- 

posed along Healy and Lignite Creeks which axe nearly q l e t e .  These strati- 
graphic sequences consist of cross-bedded sandstones, s i l ts tones,  soft-blue 

claystones (locally shaley) , loosely-cemnted conglawrates, gravel beds, and 

clean wfiitish quartzose grit interbdded with numerous coal beds. 

The coal-bearing group is characterized by rapid la te ra l  changes in litho- 

logies and varying thicknesses i n  individual facies. Correlations of beds wer 
distance is dif f icul t .  Volcanic ash partings, which can be uti l ized for  correla- 

tion purposes, can be observed locally throughout the Nenana d f ield.  Coal 

and coaly shale occur in sandstones as  wavy stringers and lenses. Fossilized 

tree trunks and other abundant plant remains are present (Wahrhaftig, 1958) . 
Coal-bearing sections scmetimes have a basal conglarerate with. pebbles of 

schist, angular quartz, quartzite, and chert. Sandstones are carmnly canposed 

of quartz and black chert, and locally have a ' salt-and-pepper ' a-ance. 

Cross-bedding is present in m y  of the sandstone and cwnglamerate sections of 

the coal-bearing group. Sandy shales and claystones often exhibit high c h m  

yellow or  buff colors. Abundant mica occurs in sediments and was derived frcxn 

underlying schists. Differential erosion in softer  portions of sandstone beds 

resul t  in mushrocan-sb@ rock bodies and castellated forms; these are also 

rarely found i n  coal beds of the region. Different ia l ly-cmted calcium car- 

bonate concretions t o  five feet  i n  diarrreter occur in certain sections of the 

coal-bearing group (Wahrhaftig, 1958). 

Figure 11--NEAR HERE 

Dickson (1981) points t o  t m  i i tholcqic changes during the deposition 

of portions of the coal-bearing group which indicate a general climatic 

cooling: 1) transition frm dminmtly kaolinitic clays of the Healy Creek 

Formation t o  mntmxil loni t ic  clays in the Suntrana Formation and above; and 



2) pebbles in the Mealy Creek and Suntrana Formations are mre resistant than 

those of the a&osic Lignite Creek Formation. In addition, chemical mther- 
gmerally decrcleasE! frun older to younger formations of the group. 

Ihe Tertiary coal-bearing group strata of the N ~ M M  basin occur w i t h i n  

a s-ly similar series of d i m e c t e d  subbasins isolated by faulting 

and folding along the northern flank of the Alaska Range. me fold axes of 

these relatively shallow waxped basins are generally aligned east-west paral- 

lel to  the structural trend of the nuuntains of the foothills belt and Alaska 

Range. Late Tertiary (Pliocene) uplifts  in  the Alaska Range resulted in ele- 

vation and tilting of certain structural blocks. In the intervening areas be- 

been the subbasins, the coal-bearing sequence has been eroded away. Precam- 

brian-Paleozoic mtamrphic rocks border and underlie the d-bearing group; 

both the structure and stratigraphy of the region has been strongly influen- 

ced by the fringing m e w r p h i c  rocks. 

Erosion of the Precambrian-Paleozoic basement surface continued into the 

middle Tertiary ( la te  Oligocene) when deposition of the coal-bearing group be- 

gan. A major unconfoLmity occurs a t  the base of the Healy Creek Formation. 

Clastics shed f r m  l o w  t o  W e r a t e  highlands in the general vicinity of the 

*stern Yukon-Tanana Upland served as a sdhsnt source for mst of the coal- 

bearing group (Wahrhaftig , 1958 ) . Deposition was generally continuous through . 
the coal-bearing sequence but locdl unconfolmities exist a t  the base and top 

of the Sanctuary Formation, top of the Suntrana Fomtion,  and top of the Grub-  

stake Formation. By Pliocene tim when the Nenana Gravel was depsited,  the 

source of the clastics had shifted frcm the north to the south following reju- 

venation in the Alaska Range. 

Hackett and Gilbert (1983, personal ccmmmication) have outlined the 

existenze of several major tectonic blocks across the north-central portion 

of the Alaska Range by gravity and magnetic swveys and structural evidence. 

These blocks are bounded on the north by the south edge of the Tanana Flats, 

on the south by the McKinley strand of the Denali fault system, on the west 

by the Teklanika River, and on the east by the West Fork of the Litt le Delta 

River an6 Yanert Glacier. They have evidence f o r  a broad Bouguer gravity low 

greater than 12  milligals near Hwfy and f o r  large density contrasts between 

the Tertiary coal-bearing sedinmts of the Healy Creek and Lignite Creek basins 



and the underlying Precmbrian-Paleozoic basanent rocks. Zha dam- 

~d tectonic blocks of TeNary -* rocks resting on the *lying 

heavier Paleozoic or older basement result in a low gravity ananaly along the 

trend of the synclinal axes of the NeMM basin to  the east. 

Both the Healy Creek and Lignite Creek coal deposits occur in synclinal 

structures. A n e a r - e c a l  fau l t  separates the tm -sins displacing the 

&-bearing strata on the north side upward abcut 1500 m, bringing the coal 

beds close enough to the surface locally to create favorable strip-mhing 

situations. Birch Creek Schist is also b m g h t  into direct contact w i t h  the 

Nenana Gravel in  certain areas an the upthrclwn northern block (Wahrhaftig 
L 

and Binman, 1954). Thorson (1978) ci ted evidence for l a t e  Quaternary recur- 

rent mements  an this fault .  

The Healy Creek coal -on occurs in a westward-plunging syncline w i t h  

dips off the limbs ranging frcm 30' to 90'. Mining on Healy Creek in the past 

has been limited to the south limb h i c h  dips on the average at  45'. Near the 

east end of the Healy Creek suhbasin and the axis of the faulted syncline, 

are near-vertical to  sl ightly werturned, and drag folds and r o l l s  are present 

locally (Wahrhaftig and Fr-, 1945; Conwell, 1972). The geologic structure 

of the Lignite Creek subbasin is dcminated by several synclines and anticlines 

w i t h  typically gentler dips around 20°, but in places with broad open flexures 

having dips of 30' to  35' (Wahrhaftig and B i m a n ,  1954) . The hornblkde dacite 

intrusion of Jumbo D a r e  h a s  greatly affected the section adjacent to the flanks . 
of the d u e ,  and has caused significant structural a d j u s m t s  and at t i tude 

changes within the T e r t i a r y  clast ics.  

DEPOSITIONAL EK-S OF TEFUIARY COAGBE?iRING GROUP COALS 

Tfie Tertiary coals of the N e n a n a  basin f o m  in l a t e  Oligocene and Mio- 

cene epochs about 10 to 30 million years ago (Wolfe and others, 1980). These 

deposits are similar in age, structure, and sedimntolcgic character. They 

are products of terrestrial sedimentation, including f resh-water stream-laid , 
lacustrine, and poorly drained swamp deposits. They accurrollated an an irregu- 

l a r ,  deeply weathered and eroded land surface (Precambrian Birch Creek Schist 

or  other Paleozoic rnetamrphic ,rocks) which had been raised above the sea in 

Cretaceaus time (Wahrhaftig, 1958; Wahrhaftig and others, 1 9 6 9 ) .  

A number of coal-forming environments developed along what is now the 

north-central flank of the Flaska Range on a subsiding allwial plain that 

shifted w i t h  t k .  Hence, the la tera l  continuity of units is generally poor. 



Correlatim is difficult  and decreases w i t h  distance £ran the particular de- 

positional system, as a fluvial channel. 

Buffler and Triplehorn (1976) cite w i a  for a t  least  23 fining-upward 

cycles of mtbental sedimmtation in codl-bearing group strata near Healy . 
They believe that these cycles reflect both tectonic controls (uplift and 

subsidence) as well as sedimntuy controls ( lateral  shiftmg of stream chan- 

nels). Figure 12 is a generalized Healy Creek section illustrating the cycles 

and respective interpretations of their depositional environment. 

- - 

Figure 12--NEAR HERE 

Much of the following discussion of the conditims of deposition of the 

d - b e a r i n g  group is adapted f run infomation in Wahrhaftig (1958) . 
The Healy Creek Formation is a f l w i a l  sequence of conglomeratic sand- 

stones interbedded with claystones and subbituminous coal. It was deposited 

during Healy Creek tine (figure 13A) in late  Oligocene and early Miocene 

epochs. The -thered schist basement on which it was deposited was a highly 

inregular surface w i t h  a hundred to  several hundred meters of rel ief ,  result- 

ing in a major unconformity. Densely vegetated coal swamps developed in near- 

ly isotopographic lows on this irregular surface. Pwrly drained swamps, ponds, 

sandy stream channels, levees and crevasse splays occurred wer this lwland 

plain surrounded by forested uplands of rrcderate relief.  Sedinmts carried by 

m d e r i n g  streams across the swampy plains were derived minly frcm the base- 

ment rock of these nearby h i l l s  p a r t i c u l a r l y  from quartz veins in the weather- 

ed schist. They are characterized by a diversity of source rocks. A t  certain 

intervals, the forests were either destroyed by fires or the h i l l s  laid barren 

and made susceptible to erosion and large landslides. Clastics washing into 

the coal swanps eventually closed off each coal-forming episode. Several lccali- 

zed basins of deposition formed in a region about 225 lan long and 50 km wide. 

Figure 13--NEAR HERE 

Conditions in the depositional system have determined the sedim.ntologic 

Saracter of the preserved rocks of the Hezly Creek Formation. Variations in 

these local conditions of depsit idn h v e  resulted in  lenticular and interton- 

guing beds exhibiting rapid facies changes. Discontmuous sand sheets or mud- 



f l ~ ~ ~ o ~ o c c ~ r a ~ s p l i t s i n d s e a m s . A l t h o u g h c o d l b e d s o f t h e ~ s d l ~  

Cre& Fbmation are locally thick, they maintain little lateral amtinuity . 
The Sanctuary Fomation is a locally thick claystane of prdr#ble lacus- 

trine origin. It was deposited during S a n m  time (figure 13B) in early 

to middle Miocene. The silt and clay that m e d  into this large shallow lake 

were derived appar~tly frun sources different than the Healy Creek, possibly 

frun basic igneous rocks in a fairly distant region. Prrminent lacustrine 
deltas fanred locally. The formation thickens sanewhat to the south and south- 

east. Durhg mst of Sanctuary time, the lake was sufficiently deep to prevent 

the rooting of aquatic vegetation, but parts of the lake becanre restricted by 
late Sanctuary time and coal swamps began to fom. Haever, very little coaly 

material has been preserved, and it is near the top of the formation. 

The Suntrana Formation formed on a subsiding plain wi th '  scat-ed, fairly 

extensive, coal swamp dweloptlent during Suntrana time in the middle Miocene 
(figure 13 C and D) . Periods in which streams carried sheets of sand and gra- 
vel fran northern source areas, i.e., uplift and subsidence (Suntrana tirrre 1, 

figure 1X) alternated with periods in which mst of the plain was a coal- 

forming swamp (Suntrana time 2, figure 130). Important subenvironments in- 

cluded channels, lwees, crevasse splays, forested plains (evidenced by 

coalified logs), and alluvial fans. Subsidence was greatest to the vth, and 

the fomtion gradually thickens in this direction. Chert pebbles indicate a 
source near the vestern margin of the Yukon-Tanana Upland, perhaps from the 

Livengood Chert (Wahrhaf tig , 19 58 ) . 
Crosscurrent directions presenred in sandstones show a northerly prwe- 

Mnce for the clastics washed into the subsiding basin during the periods of 

rapid erosion. Depositional conditions were much mre uniform (than during 

Healy Creek time, e.g.) in the coal-forming periods, and this has produced 

mre laterally continuous coal beds in the Suntrana Formation. Several dep- 

centers with substantial thicknesses of coal developed toward the southern 

m g i n  of the basin where subsidence was greatest. As the hills to the north 

were gradually laered, and the sedirru3nt supply became mre restricted, silts 

and clays were deposited. A period of renewed uplift wuld  initiate another 

cycle of sedimentation. 

Sedirrrents of the Lignite Creek Formtion were deposited in the same basin(s) 

as the Suntrana Fomtion during Lignite Creek time (figure 13 E and F) in mid- 

dle Miocene. The pattern of deposition was similar to that of the Suntrana, a d  



- to degree also cyclic. Little or no significant break in depositian 

occurred, and sedhents derived f r a n  the north poured into the subsiding basin 

at an raw (Lignite Creek time 1, figure 13E). Since the W l e  

lithologies are less resistant than those of the Suntrana Fomtian, they my 

have been derived fran a less distant saurce area or different source unit,  

andlor after considerable rejuve~tim of the smrce area (Wahrfiaftig, 1958) . 
Large alluvial fans develaped on the slaping terrain be- the subsiding 

basin and the highland source areas. The coal swamps that during 
Lignite Creek time 2 (figure 13F) often inundated by flood waters dep- 

siting silts, sands, and gravel. Hence, coal searns of the Lignite Creek For- 

mation a k  very lenticular and laterally discontinuous. The highlands to the 

mrth w r e  eventually luwered by erosion depleting the supply of clastic 

nraterials. Shallow lakes formed locally and silts and clays m e  deposited. 

The Grubstake Formation consists mainly of claystone and was deposited 

during the transition period (Grubstake tim, figure 13G) in l a t e  Miocene 

*ch separates the derivation of clastic materials £ram northerly saurce 
- 

areas (Suntrana and Lignite Creek tires) and la te r  on frm southerly saurce 

areas (Nenana Gravel time). An unconfoxmity separates the L i g n i t e  Creek and 

Grubstake Formations. Grubstake time was relatively unstable and depositiondl 

conditions shifted bebeen larye shallm lakes and broad alluvial plains. The 

old highlands t o  the north were l-ed and new ones to  the south &an to 

rise. L c c a l  uplifts  closed off rivers and the drainage was ' pnded' in the 

lmland. Lacustrine deltas locally *1ayed into the lakes. The unstable depo- 

sitional conditions are reflected in the absence of coal and in the interbed- 

ded finer-grained sedirrrents w i t h  relatively dark-colored sandstones and con- 

glcenerates . 
The Nenana Gravel (time 13H)  was derived frcan southerly source areas in 

the Pliocene and covered the coal-bearing sedjments in a thick layer of 

coarse gravel w i t h  included cobbles and baulders. 

CHIGNIK BAY AND HEFWDEEN BAY BASINS 

GENERAL PHYSIOGRAPHIC AND GEOLOGIC SFlTSNG 

Rocks of the upper Cretaceous Chigsllk Formation, Ccd Valley Member, 

are exposed in a long, narrm belt on the Alaska Peninsula between Pavlof 

Bay a t  the southwest and Wide Bay a t  the northeast (figure 1 4 ) .  The two 

min coal fields of the region, Chignik Bay and Herendeen Bay, &about 

160 km apart. The C c a l  Valley Member of the coal fields is not equdlly wide 



thrm-t its length but is restr icted i n  width by mine mbaymnts, other 

changes in the cmfiguraticm of the Cretacezus beach line, and other varia- 

tions in the sediment saxe. Roek outcrqs of the Chi@ ~ a y a n d  H e r e  
Bay areas include c las t ic  volcanic and marine to nomarine sedinmts of Juras- 

sic and Cretaceazs age that are intruded by Tertiary to Oua- mafic dikes 

and sills and also large, intermdiate ccmposition miltiphase intrusive bodies 
(Wlrk, 1965; &Gee, 1979; Vombik and others, 1981) . 

Figure 14-NEAR HERF: 

Hermdeen Bay is  an a m  of Port mller and w i t h  it forms the only deep 

enbayment in the Bering Sea side of t h e  Alaska Peninsula. The Herendem Bay 

f ie ld  is abaut 560 Ian southwest of K o d i a k  and lies be- latitudes 55'40' 

and 55'55' north and longitudes 160'37 ' and 160'56' west. The Alaska Penin- 

sula i n  t h i s  area is nearly severed by deep indentations of the coast line; 

Port Pbller and Herendeen Bay on the Bering Sea side and Portage and Stepovak 

bays on the  Pacific side approach to  within 13 )an. The chain of mtains that 

forms the backbone of the Alaska Peninsula is the daninant physiographic fea- 

t u r e  of the region. The highest of the sharp and rugged peaks are 750 t o  900 

m in  e len t ion .  The Cretaceaus coal-bearing s t ra ta  here covers a t  l eas t  100 

h2 (Paige, 1906; Resource Associates of Alaska, Inc . , 1980) . 
Chi- Bay forms a broad indentation in the eas t  coast, Pacific side, 

of t h e  Alaska Peninsula, and is abou; 400 lan southwest of Kodiak. The Chignik 

coal f i e ld  mnprises abmt 100 lrm2 of coal-bearing s t ra ta  of the Coal Valley 

&nbr of the C h i w  Formation. It  forms a northeast-trending belt about 40 

km long and 1.5 to 5 lan wide on the northwst shore of Chigrzlk Bay (Martin, 

1925; Resaurce Associates of Alaska, Inc. , 1980) . 

LITHOSTRATImHY OF CRFTACEOUS CHIGNm AND ASSCCIATED FORMATIONS 

Five Jurassic to Cretaceous sedimentary rock formations are exposed in 

the Herendeen Bay coal f ie ld ,  four in the Chignik Bay coal f ie ld .  These in- 

clude the Naknek and Staniukwich Formations, Herendeen Limestone in the 

Herendeen Bay area, the Chignik Fomt ion  (including the Coal Valley Wmber) , 
and the Hoodoo Fomt ion  (figure 15 ) . Each f ormation exhibits gradational, 

intercalating and interdigitating contacts w i t h  units above and below. This 

relationship has resulted frm transgressional-regressional cycles operating 

in phase with up l i f t  and subsidence cause6 by pulsating crustal plate conver- 



g e e .  Zhe interdigitation ketwe& foma tkm was m e r  accentuated by de- 

position of pr- clastic debris into depositid si- mryhg from sub 

aerial to mter cunthntal &elf marine (Vorabik and athers; 1981). 

Figure 15-NEAR HERE 

The upper Cretaceous (Czanpanian to Mestrichtian) m t n r y  rock seq- 

uence consists of the *gnik Fomation w i t h  its middle clastic and coal- 

bearing Coal Valley Men'ber and the black siltstones and shales of the Hoodrx, 

Formation. The age of the rocks is based on palynamrphs, d t e s ,  inocera- 
. mi&, and foraminiferids. Younger Tertiary and Quaternary sediments cover 

laxye areas of the Creta- belt where the Coal Valley Mgober is prabably 

present in the subsurface ( M S e e ,  1979; Mancini, 1977). 

Burk (1965) states that the source of the upper Cretaceous  rocks is pro- 

blemtic. The sandstones of the Chignik Formation are canposed primarily of 

subangular to  subrounded grains of feldspar and quartz suggestive of a plutonic 

source terrain. Sane of the c las ts  in the Chignik Fomt ion  conglanerates 

appear to be Naknek a ry i l l i t e s  and erosion of the Naknek and adjacent forma- 

tions probably provided some debris for the Chignik and Hoodoo Fomtions .  

The source area for the sed iwntay  rocks that  carprise the Chignik and Hoodoo 

Formations that mst clearly fits the available petrographic and pahoa r r en t  

data is to the north and northwest (Erurk, 1965; Mancini and others, 1978; McGee, 

1979) . . 
The general succession of Cretaceous rocks in both the Chiwk Bay and 

Herendeen Bay regions is underlain by the upper Jurassic Naknek Fomtion.  

This unit  includes a mnotonous sequence of hard, dense, f ine-grained, and 

massive si l ts tones with pelecypods of Buchia, rare pectins, and gastropods. 

Gray, quartz-feldspthic, belmoid-bearing, fine-grained, arkosic sand- 

stones and l d  thin conglarerates are interbedded in the si l ts tones (Burk, 

1965; Vorobik and others, 1981). 

The Jurassic and early Cretaceous S taniukwich Formation unconforrrably 

wer l i e s  upper Jurassic Naknek Formation rocks. The unit  is wer 300 m thick 

and is ccsnposed of distinctive l ight  tan t o  brown-weathering interbedded sand- 

stones, conglomerates, and siltstones w i t h  occasional interbeds of shale. In 

the Herendeen Bay f ie ld ,  the Staniukovich Formation is werla in  unconformably 

by the Herendeen Limestone, but in the Chigmk f ie ld  is overlain unconformably 



or is in thrust contact with the Chignik Fomtion. The H e r e n d e a  Lims- 

is anposed of l i g h t  are~cems, res is tant ,  cross-bedded linestone and is 

ebut 250 m thidc a t  its type locality, Herendeen Bay (Snith, 1939; kGee, 

1979) . 
The Chignilc Fomtian is the mst significant late Cretacgxu ner i t i c  

to subaerial depositional Pequence exposed i n  the Chi- Bay and Her- 

Bay regions. It includes sandstones, siltstcws, claystones, and anglcmerate 

u n i t s  of upper and lower shallw marine sections that are separated by the 

deltaic sandstones and coals of the  Coal Valley -. Chignik Formtion 

sandstone c a p s i t i o n  varies £ran quartz arenite to arkosic subgraywacke. 

The sandstones are greenish gray, gray, pink, and tan, and m n l y  exhibit 

troug-h cross-bedding, r ipple  lamination, and bioturbation. Inoceramm bur- 

m s ,  cephalopods and gastropods, and arbonaceous mot, l , and other plant 

rerains--including p l l e n  , spores, and rcme phytoplankton---f innly indicate 

continental shelf deposition (Mdee, 1979; Vorobik and others,  1981; Mancini 

and others,  1978). 

Detterman (1978) reported three ccmplete cycles and a part of a fourth 

represented in nearshore m i n e  t o  n o m i n e  rocks of a Chignik Formation 

sectim on the northwest shore of Chi- Lagoon. The Chignik Formation in 

the vic in i ty  of Port W l l e r  is about 750 m thick, mss ively  bedded, ham- 

geneous, f ine- to  mediumgrained sandstone interbedded with siltstoke. The 

Chignik F o m t i o n  section m s u r e d  by Bwk (1965) neaz Staniukwich Wuntain 

i s  a b u t  500 m thick. The upper 120 m consists of gray t o  tan f r i ab le  sand- 

stones and s i l t s tones ,  m n l y  containing pelecypds and carbmaceous plant 

remakrs. The lower 380 m is the type section of the Coal Valley Maber, which 

includes down-secticn 1) 120 m of mdiurn gray t o  tan and brown conglcrwate 

containing volcanic and chert clas ts ;  2 )  150 m of gray-green sandstone and 

s i l t s tone ,  lcca l ly  very clayey and carbonaceous with ra re  th in  and lenticular 

seams of coal; and 3) 105 m of sandstone, s i l t s tone ,  claystone, and thin coal 

beds. The c las t i c s  of the basal section are  predQninantly l i g h t  gray and tan, 

weathered t o  a m t t l e d  l i g h t  brown, red&& brown, and tan. The sandstones 

are predcxnhantly fine-grained and eas i ly  f r iable .  No mine foss i l s  were 

noted but n n r o u s  intemals contained abundant carbonaceous plant fragmnts 

(PkGee, 1979; Mancini m d  others, 1978) . 
C o a l  Valley MEs;iSer sediments m e  re la t ive ly  well-sorted and s t r a t i f i ed  

and contain abundant oqanic  matter. The c 3 n g l m a t e s  of the C o a l  Valley 

i"enber contain subrounded pebbles an2 cobbles in a clayey sand matrix and 



beds 3 to 30 m thick. The quartz-feldspathic sandstone beds are 1 to 3 m 

thick. Channeling and trcugh cross-bedding are camrrn features in the basal 

part of the smbtme, whereas r i~p l e  and convolute laminations typify the 

upper part. 'Ihe grain size also decreases upard  in saru3 sandstone beds. Sil t -  

stane beds average 2 m thick and are car-. The Coal Valley M n b r  

contains all the significant and p t e n t i a l l y  carmercial coal deposits in the 

upper Cretaceous rocks of the Alaska Peninsula. The coal horizons are inter- 
bedded w i t h  carbonaceous claystone and sandstone, and individual coal seams 
vary greatly in thickness wer short lateral distances. Correlations beheen 

individual coal seams is d i f f icu l t  and it is necessary to correlate &M- 

ceous coaly in-s (Mancini and others, 1978; M S e ,  1979). 

A t  the base of the Coal Valley Mmber, a 6 to 12 m thick distinctive ar- 

kosic to quartzose platform sandstone rests conformably on the lawer Chiqnik 

green sandstones and conglarerates at  Chignik Bay (figure 16). The thickest 

carbonaceous si l ts tones and coals m e  deposited upon this platform sandstone 

followed by quartzose and locally calcareous sand and thinner coal horizons. 

The C o a l  Valley &mber appears to represent one of the only instances record- 

ed where there was sufficient s tabi l i ty  in the system for platform dwelopnent. 

Increased d i s t r i bu t ay  activi ty resulted in the dwelopnent of an unconformity 

a t  the top of the CoiL Valley Member (Vorobik and others, 1981). 

The youngest Cretaceous formation exposed in the Chigruk Bay and Herendeen 

Bay f ie lds  is the Hoodoo Formation. The Hoodoo Formation type section is south- 

east of Hoodoo Muntain and along the west side of Beaver Valley, Herendeen 

Bay field.  It consists of wer 300 m of black si l ts tone t h a t  is highly frac- 

tured and weathers into pr imat ic  sl ivers.  Minor interbeds of dark gray to 

black, well-bedded claystone, silty claystone, and fine-grained tan sandstone 

occur in the black si l ts tone.  The siltstones and shales contain an outer neri- 

t i c  to bathyal foraminiferal ass-lage and open-marine amno ids  and bivalves. 

The quartzo-feldspathic sandstone beds are fine- to mdiumqrained, poorly t o  

d e r a t e l y  sorted, and contain graded bedding and convolute l ~ t i o n s .  Burk 

(1965) noted the presence of coarse d i s t r i b u t a ~ ~  conglomerates and concluded 

that  these may be related to turbidite deposition on the outer shelf.  Rare 

plant fragn'tants and disseminated organic debris characteristic of deep water 

deposition are also present m the conglameratic units (Mancini and ot\ers, 

1978; McGee, 1979). 

-- - 

Figure 16--NEAR HERE 



Wlrk (1965) ccnsematiively estimated the thickness of the Amdm Fom- 

tion in the vicinity of Part Moller to be 760 m. Ihc Hoodm Formation thickens 

rapidly to tha 90uth of H e r e  Bay and may repmsmt deposition in an wbay- 

mt Md a h y e r  period of deep water sediment accumlation. This is consis- 
tent with and -rts a late Cretaceuus transgression. The relatianship be 

the HmdoJ Foxmation and the underlying Chfgnik Formation is not obvious 

in the field because 'there are few observable cantacts and because the H o o d o o  
Foxmation is structurally carplex. %ere observed in the field, the upper Chig- 

nik Formation appears to be transitional into the Hoodm Foxmation. This indi- 

cates that a regional transgressive event did occur but that it was preceded 
by the simltanems deposition of the Coal Valley Menber, Chignik and Ham 
Fomations (Mancini and others, 1978; &Gee, 1979; vorob* and others, 1981). 

SlXuCTUFGG GEOIOGY AND R E I O N A L  TK'KNISM 

The strucme of the Chignik Bay and Herendeen Bay codl fields has been 

dcminated by convergent plate tectonics and arc-trench dwel-t, M c h  

have resulted in continuous uplift and erosion of plutonic rocks and subse- 

quent deposition of marine and nonmarine arkose, claystone, and sandstone. 

Arc-building was initiated on the Aleutian margin by the W e n c e  of an 

early Jurassic magmatic arc along the northern edge of the present Alaska 

Peninsula (figure 16) . W r e  and Comely (1977) identified three periods of 

magmatic arc and stitduction ccmplex activity and infer that plates were nobile 

fran late Triassic to late Jurassic, early- to mid-Cretaceous, and late Creta- 

ceous to Paleocene time. Although Burk (1965) and W r e  and Connely (1977) 

have slightly differing views on the t ime  of onset of convergence in the 

Alaska Peninsula region, the result of tectonisn f m  Jurassic time onward 

is we11 recorded in the stratigraphic sections in the Chiqnik Bay and Heren- 

deen Bay areas (Vorcbik and others, 1981) . 
The general structure of the Chignrk district is that of an intensely 

shattered mass in which the structural constituents consist of relatively 

small gently tilted bids separated by faults or zones of shattering. The 

dminant trend of faults and mjor folds is subparallel to the long axis of 

the Alaska Peninsula, that is, generally slightly north of east (Martin, 1925; 

Resource Associates of Alaska, Inc., 1980). 

The f &st of three mjor of defomtion of upper Cretaceous Chig- 

nik Formation rocks in the Chiqnrk Bay a r e .  involved penecontapraneous 

mall-scale, lcw-amplitude folding, deforming bedding at the tMe of depsi- 



tian and causing small syndepositional faults and folds that disrupt the s&- 

mts in the 1- h t  not upper Chignik Fomtion. The seamd defomational 

period subjected a mjarity of the Aleutian Range Jurassic and Cretaceous age 

sediments t;o intense oempressiondL for&-. The mst conspicuous struc- 

tural feature of this period in the Chignik area is the Chignik anticline and 

averthrust -la. hbderately to highly deformed Jurassic-aged Nahek Foxna- 

tion rocks have been anticlinally arched and thrust southeastward wer Creta- 

ceous Chignik and Hoodoo Formatiom. m e  strike of the Chignik thrust and 

anticline is subparallel to the duninant structural trend throughout the Chig- 

nik area. Regional strike of bedding, fold axes and faults is N. 60' to 90" E.,  
L 

with bedding m n l y  dipping 15" to  20' to the south. The anticline plunges 5" 

t o  10" to the northeast. The third defo-tional went involves local high- 

angle n o d  faults that are not subparallel to  regional structural trends and 

often cuts older structures. These faults evidently resulted £ran late  tensional 

adjustment within the Chignik rocks, post-dates the anticlinal arching, and i s  

probably a b r i t t l e  response to a shif t  in the ccmpressional vector of the cox+ 

vergent plate motion (Vorobik and others, 1981) . 
The Chignik Formation and underlying older s-taq rocks of an area 

in the Herendeen Bay coal field are folded into a syncline with the axes ap- 

proximately paralleling the valley of Mine Creek but migrating slightly north 

in the eastern part of the drainage. The plunge of this  structure is ggentle 

and where msured less than 7 ' .  The syncline is asymetrical with the dip of 

the north limb ranging £ran 10' to 18" and on the south l imb f r m  20" to 37". 

The south limb i s  broken into blocks by a t  least three major faults *ich 

strike &st due north. On one of these faults, a coal bed has been displaced 

75 m along the strike of the fault.  Mrmerous minor faults paralleling the major 

fault  systems have d i s p l a c m t s  to several meters. Most of the ccal potential 

in this  area l i e s  on the north limb of this  synclinal structure (Gates, 1 9 4 4 ;  

I?cGee, 1979). 

DEPOSITIONAL ENVIW3NMENTS OF CRET-US CHIGNIE; AND ASSOCIATED FORMATIONS 

The general e n v i r o m t  of deposition of Chigrnk and tirre-equivalent Hoo- 

doo Formations of the Alaska Peninsula i s  that of a fore-arc b a s h  landward 

of the trench-slope break. The facies of the Coal Valley Member, C h i g n i k  For- 

mation, and H o o d o o  Formation are carps& minly of plutonic rock fragments, 

feldspar and quar tz  which suggest derivation from the eroding la te  Cretaceous 

arc front (Mancini, 1977) .  



Burk (1965) suggested that deposition of nomarine sands of the Coal Val- 

ley MarJser thnxgh the nearshore sedimmts of the Chignik Fomation and the 

dep-water marine Hoodoo Fomation represents a marine transgression (figure 

17) . mini (1977) i n m r e t e d  these units as appruximately correlative sedi- 

mentary facies deposited in different envimments of deposition: proximity to  

source in an alluvial fan, braided stream, and flood plain depositional environ- 

mt for the conglamrates , quartz-feldspathic sandstones, ' and coals of the 

Coal Valley m; inner-neritic continental shelf (upper and 1- shoreface 

deposits) for  the sandstones and si l ts tones of the Chignik Formation; and outer- 

@ ner i t i c  .mntinental shelf to bathyal continental slope for the deeper water, 

prech imnt ly  f ine argillaceous -ts of the Hoodoo Foxmation. Both mrk 
(1965) and mini and others (1978) interpret the conglanerates and coarse 

sandstones incorporated in the Hoodoo Formation siltstones as turbidite d e p  

sits. &Gee (1979) finds that this general facies model concept is supported 

in the f i e ld  where n o m i n e  beds of the Coal Valley &&ex locally grade 

lateral ly into marine beds very similar to the upper part of the Chignik FOX& 

tion. 

The depositional environment of the 1- part of the Coal Valley &nbr 

includes valley f l a t  (floodplain cut by meandering d i s t r i bu t aq  lwees) , N u -  

dal (swamp) , and lacustrine (shallow lake) deposits. The increase + conglo- 
mates i n  the upper part of the depositional sequence suggests that the dis- 

tance to the source area was decreasing during the deposition of the upper 

part of the C o a l  Valley Member, or  that  the source area was m r e  active and 

shedding coarse material forming coalescing al luvial  fans in a pi-nt en- 

v i r o m t .  Hawever, there is l i t t l e  evidence to  suggest tha t  the lower part 

of the Coal Valley Mgnber was deposited in a pi-nt environment, a terrain 

with higher stream gradients and characterized by: 1) a great range in part i -  

c le  size with wide and irregular distribution; 2) poorly sorted and s t ra t i f ied 

deposits; 3) rare foss i ls  because of the stringent depsi t ional  conditions; 4 )  

yellow and gray colors; and 5 )  materials that  beccxne f iner with distance f r m  

the source (&Gee, 1979). 

M s t  of the coals in the C o a l  Valley Member were developed as the result 

of preservation of swamps developed on f l a t  and gently sloping areas. Although 

the swamps were n m o u s ,  their  la tera l  extents were limited. For the m s t  part, 

Figure 1 7 - - M  HERE 



they are believed to be fresh-water because of the lcw dh anten- 

of the d s .  mt there m y  have been devel-t of marine at or 
near the litteral zone essentially -ting the Coal Valley Mmber fran the 
mine Chi@ FosMt3.m. There is little evidence to suggest that a t i o n s  
were favorable for coal. deps i t i an  during the anlap of Chis sedimnts. me 
presence of rare thin coal seams, associated w i t h  estuarine, delta, and salt 

mrsh depositiont in the Chignik Formation suggests both periods of hesitation 

during M c h  peat areas were p r e d  by deeper burial and amlitions that 

were never stabilized long enough for  a thick peat section to acamlate. These 
discontinw swaqs developed in lagwns behind beach barriers or in restric- 

L 

ted basins cantained between interdistributary levees (-, 1979; Vorcbik 

and others, 1981). 

NORTHERN BASIN 

PHYSIEEWHIC AND GE0LXX;IC SEITING 

The Northern coal f ie ld  of Alaska is delineated mainly by the outcrop klt 

of the Nanushuk Group of rocks which extend relatively unbroken frcm the sea 

c l i f f s  a t  Cape Corwin on the west sane 650 km eastward to  the Sagavanizktak 

River of the eastern Arctic Slope (figure 18) . Nanushuk Graup exposures are 

typically better  on the western Arctic Slope where stream channels have local- 

l y  incised through 500 rn of section.  he coal f i e l d  mainly occurs within three 

m j o r  physiographic prwinces: 1) the mountainous Brooks Range rims the southern . 
boundary; 2) the Arctic Foothills bel t ,  where exposures of the Nanushuk Graup 

are largely confind, i s  located north of th i s  mountainous prwince; and 3) 

the Arctic coastal plain spans the remining terrain t o  the Arctic Ocean. The 

Arctic Foothills province is characterized by treeless rolling h i l l s ,  ridges, 

and valleys aligned east to west parallel to  the muntain front,  and broken by 

numercus northward-flowing streams and rivers. It  is mde up of a Southern 

Foothills secticm and a Northem Foothills section. The Southern Foothills 

section is h i l l i e r  with both higher overall al t i tude (averaging 1200 m) and 

more local re l ief .  The rellef of the Northen? Foothills section ranges frchn 

60 to  300 m and altitudes average 180 m. The Arctic coastal plain is an ex- 

tensive, nearly featureless tm&a plain mth n m o u s  lakes and =shes and 

p r l y  developed streans (Y&L'I and Cdla! ! ,  1978; ml, 1979) . 
The National Petroleum Resenre LQ Alaska (hTRA) enccanpasses saw 96,000 

Ian2 of the Arctic S l o p  of northern AJaska, and lncludes a large proportion 

of the coal resources of t.\e Northern fleld. and of Alaska as a whole. This 

broad region stretches £ran the crest  of the DeLong IWuntains in the B m s  



m e  mxtha rd  to the A+ceic coast and fmm the 1- Colville River 

t o t h a Q a J r c N ~ . ~ t d ~ a r e ~ o o p e e s e n t b o t h e a s t ~ ~  

of NPRA crnd -, 1978) 

Figure 18-NERR X R E  

The Eoals of the M e x n  f ie ld  axur in trr, sedimnbry rcck eqmces-- 

Ur Nanushuk Group of early Albian to C e m m h n  age (early to late Cre-1, 

which contains better quality coals, and the Colville Group of late Cretaceous 
age (figure 19) . Ihe base of the Cre- sequence is cuqmsed predminmtly 

of marine shales, which grade upa rd  ta the marginal-ine and ncmmarine ccal- 

bearing rocks of the Namshuk Group, and finally the in- marine and 

mnmarine coal-bearing mcks of the Colville Gmup. The Nanushuk Group has been 

subdivided into foxmations based mainly on the mkine and nomine character 

of the rocks. !Ihey have been successfully correlated by use of spore, pollen; 

and plantrregafossil zonations in m i n e  facies and of dinoflagellate, forami- 

niferal, and limited faunal zonations in rwine  facies. In the western section 

of the ~ o o t h i l l i  belt ,  the K d q a m k  Fomation -rises the laer marginal- 

marine facie0 of the Nanushuk Gmup and the Corwin Formation canprises the 

upper nomarine facies. The type section for the Corwin Fomtion is a t  Cor- 

w i n  Bluff (~rosgh and Ta i l l eu r ,  1971; Martin and Callahan, 1978; Ahlbrandt. 

1979: and Stricker and Roetrler, 1981;. This unit contains the bulk of the 

coal resources of the Nanushuk Gmup. I n  addition to the nmemus d reams, 
the unit also contains fine- to  coarseqrained sandstone, siltstone, claystone, 

carbonacaus Shale, and coal. 

The Nanushuk Group essentially forms a wedge-shaped rock unit. The coar- 

sest norxnarine sedinmts and the trend of greatest thickness of the Nanushuk 

Group cccurs in  the praxknal p ~ i o n  of the deltaic clastic wedge, which is 

counter to  the no& trend in deltaic sedimentation. Thick sequences of Cre- 

tacecus sedimentary raks were deposited LT the Colville geosyncline. The pro- 

bable source terrains for the Corwin delta sedimnts are the western DeLong 

Pbuntains, Lisburne Hills, and their offshore extensions. A significant dep-  

sitional hiatus i s  indicated between Corwin Fomtion rccks and overlying 

rocks of the Colville Group by b t h  structuril relationships and the difference 

in the degree of induration. W i n g  this  period of erosion, a substantial 

thickness of the Corwin Fomtion was r m e d  (.?Qrti.n and Callahan, 1978; 
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Callahan and Martin, 1981). 

Figure 19-EEAR 

Data cm the distrihtion and extent of coal beds of the Nanushuk Grwp 

is less detailed in the Foothills than in the Coastal Plain. The group foms 

a m w  subcxap M t h  Pleistocene and Holocene deposits in the Coastal 

Plain. But in general, the outamp area of the Corwin Fornration is dimti- 

nuous w i t h  d beds exposed only in the cutbanks of the larger streams and 

along sea cliffs at Corwin Bluff (Callahan and Martin, 1981). 

The Cretaceous-aged sedimntary rock sapmze  is as mch as 4600 rn thick 

in the southern NPRA adjacent to the Brooks Range but thins northvmd to about 

900 m near Barrow. The thickness of the Nanushuk Group alone decreases f r u n  

southwest t o  northeast fran over 3300 m at Corwin Bluff to zero in the eastern 

NPFA. The Corwin Fomt ion  amprises t!!e entire L c k n e s s  of the Nanushuk Groq 
exposed a t  Corwin B l u f f  but decreases to about 1200 m thick in the west-central 

NPRA. The original. thickness of the Corwin Formation does not sean to  have been 

preserved in of the depositional basins. W s t  stratigraphic sections r e  

present only the 1- part of the original thickness of the Corwin Formation. 

The Colville Group unconformably overlies the Nanushuk Group in the eastern 
NPRA and reaches a maximum thickness of a b u t  900 rn (~rosg& and Tailleur, 1971; 

Callahan and Martin, 1981). 

The majority of the coal r e m & e s  of the Northern f ie ld  are contained in 

the n o m i n e  facies of the Nanushuk Group, primarily in the middle portion of 

the c las t ic  wedge, and stratigraphicdlly in the  upper half of the  sequence 

widely separated frcm the underlying rrrarginal-marine facies, indicating d e w  

s i t ion considerably inland fran the sea. This contrasts significantly with the 

pattern f m d  in other western United S t a t e s  Cretaceous deltaic and paralic 

d s ,  where they are nonrdly found in the f i r s t  30 m of nonmarine section 

above the wine facies. The thicker coal seams are i n  the upper part of the 

Corwin Fomt ion ,  while the coals of the lcrwer part of the Corwin Formation 

are relatively thin. The sulfur content of the l a t t e r  coals is relatively 

iugher and m r e  e r ra t ic  than  coals higher in the Corwin  Formation. Coals of 

the Colville Group in the eastern NPRA are of p r e r  quality, and are consi- 

derably less abundant than d s  in the Xaushuk Group (We*, 1977 ; Martin 

and Callahan, 1978) .  



~ r , ' F m r u = u A N D F i E G I C N A L -  

� he structure of the ~retacecrus d - b e a r i n g  and associated rocks of 

field is dxmcterized by folding and faulting along east to 

west axea gemral ly  paralleling the Brodcs Range. The intensity of the de- 

formatian dmmiwes fran the muntains; gentle open folding and 
little faulting &amcterizes the CoastdL Plain, greater stsucturdl 

oarplexity and steeper dips are found in the Foothills. The Nanuhuk Group 

strata exhibit a general homxlinal dip to  the south of abut 9 m to a )an 

in rMSfill Plain. The CorWin F'orrrratio~~ of the N h u k  in the 

Foothills occupies the centrdl parts of the nummus broad but relatively 
sinple synclinal basins separated by tightly folded, east to wes t  anticlines. 

lbst of these anticlines are ccmplicated by high-angle reverse faults or 
north-directed thrust faulting in the K- Foxnation (Martin and Calla- 

han, 1978; Callahan and Martin, 1981). 

Imer Cretaceuus sedbmtation on the North slope reflects the uplift  

of the Brooks Range and attendant deposition in a marine basin along the 

north flank of this range. Dawnwarping and sedimntation appear to have 

taken place concurrently with, and probably as  a result of the northward- 

directed thrus t  'faulting that acccqanied the uplifting of the m3untain 

range to the south. The t h d  maturity of the 10cks suggests a greater 

depth of burial, uplift ,  and erosion in the Foothills than in the cbastal 
Plain. Portions of the Nanushuk Group rocks were r m e d  by erosion, espe- . 
cially in the Foothills belt  and the eastern Arctic. Thus, tectonic dis- 

turbance has greatly affected the ultimate d i s t r ih t ion  and rank of coal 

beds between the Foothills and the Coastal Plain on the Arctic Slope of 

northern Alaska (Carter and others, 1977; Martin and Callahan, 1978; and 

A h l b d t ,  1979) . 

DEPOSITIONAL OF NANUSHUK GROUP COALS 

Ahlbrandt and others (1979) dweloped a deltaic sedimentation &el, 

la te r  refined by Callahan and Martin (1981 ; figure 20) , to reconstruct 

depositional e n v i r o ~ t s  and facies represented by the K u k p a n v k  and 

Comin Fomtions. These ~ K I  fomt ions  make G? the Nanushuk Group in 

the F o o ' t l s  and Arctic Coastal Plain of the western North Slope. This 

regressive depositional sequeqce i s  l o c a l l y  aver 3300 m thick and includes 

marine, transitional, and. n o m i n e  i ~ t e r v a l s .  Other rocks in the western 



Brooks~angeandUsbuxnePeninsulawereupliftdanderodedwiththeresult- 

ing poogressively deposited in the Colville Trcugh, a foredeep that  

W c g e d  mzth & h t  generally -t w i t h  the B m c k s  Range uplift .  The 

Namdwk Group mu &posited as a clastic wedge that prograded (tim -- 
sively) to the norrth and northeast resultantly causing the Cretaceous shoreline 

to migrate in the same -on. Nanushuk Group rocks thin and beceme increa- 
singly mre marine in character northeas- away fmn W source in the 

Brooks Range ( D e t t e m m ,  1973; Martin and Callahan, 1978; Ahlbrandt and others, 
1979; Stricker and M e r ,  1981). 

A t  least tkJo river-ted deltas tha t  began to Welop in early C r e t a -  . 
ceclus are hypothesized for  onshore Nanushuk Graup rocks-the Coxwin 

delta in the  -s t  and the Wt delta in the central North Slope (Ahlbrandt, 

1979). The Corwin delta prograded northeasterly across the western North S l o p  

including areas now under the Chukchi Sea. Progradation in the west was nearly 

continuous with only minor local mine transgressions. A major depocenter for 

the N a m s h u k  Group was in the area of Corwin Bluff. Here, Nanushuk Group rocks 

are the oldest, thickest, contain the coarsest material, and have the mst 
ranmarine assenblage of any rocks on the western North Slope. The Torok, Kuk- 

pawruk, and coal-bearing Corwin Formations are interpreted as having f b m d  
in prodelta, delta-front and delta-plain environments respectively. The Torok 

Formation includes marine shales of ALbian age wer which the d e l d c  and 

interdeltaic sedimnts of the Nanushuk Group prograded (Ahlbrandt, 1979 ; Ahl- 

brandt and others, 1979; Stricker a i  Roehler. 1981). 

Figure 20-NEAR HERE 

The litholcgies, foss i ls ,  and primary sedimntaq structures indicate 

that the Corwin Formation was deposited as  part of the laxye, high-construc- 

tional Corw in  delta tha t  prqraded northeastward across the western portion 

of the North Slope of Alaska. C o a l s  higher in the Corwin Formation may have 

formed in backswamp areas between stream channels in an upper delta plain or  

flood plain e n v i r o m t ,  where thicker peat accumdations were possible be- 

cause of the greater charnel s tabi l i ty  and m r e  prolif ic  plant growth. The 

general low sulfur content of these coals suggests isolation fran brackish 

water influences. These stratigra?hically higher and thicker c d s  (up to 9 rn) 

tend t o  thin and s p l i t  wer short distances. Post-depositional tectonisn and 
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ero~ic~ eyidently ranwed intenmls of the --delta plain and all- de- 

posits.  Nmezws d beds of intemdhte thickness (2 to 3 m) and continuity 
(to 10 km) in the centrdl Corwin Fomat.cn developed an platforms urderlain by 

abm&med s s  and splay deposits in the middle delta-plain envhammt.  

Coals of this transition zone may ultimately prove to have the best camrercial 

potential. The higher sulfur amtent of the thinner and mre discontinwus 

coals of the  lowr Corwin Fomticm suggests peat deposition in interdistribu- 
taq bays in the lwer (mre seaward) part of the delta systan that sub- 

ject& to periodic exposure to salt and brackish water (Stricker and RoeNer, 
1981; Callahan and Martin, 1981). 

RELATIONSHIP OF PALM)- AND T B X W I C  TO THE ULTIMATE 

~~ D m m  F'WImrIAL IN MAJOR COAL BASINS OF aLASKA 

Limited depositional modeling in the Susitna lowland has resulted in a 

general improved understanding of the nature of continental f l w i a l  coal de- 

posits the M a r y  Kenai Group. factors and related con- 

s t ra ints  +re - to play an important role in future mine planning and 

pre-develapnent site investigations in the coal basins of the Susitna low- 
land. Although structural problans may locally ccmplicate mining, they are 
not expected to  be significant a m p r e d  to other basins i n  Alaska. In general, 

world-class coal mines are possible in the Susitna lowland. Large-scale sur- 

face mines to 15 million short tons per year production are planned, and 

wen larger mines are feasible. The coal resource base of this region is 

not a limiting factor. Because of its strategic location relat ive to tide- 

water, it is envisioned that coal f ie lds  of the Susitna lowland w i l l  serve 

as  a m j o r  future source of steam coal for Far-Eastern countries. 

Overall, it is not beliwed that  depositional rodeling of the f l w i a l  

mandering to paludal deposits of the upper part of the Tertiary Chickaloon 

Formation w i l l  assist future mine planning sigruficdntly in the Matanuska 
Valley. Unraveling the fa i r ly  c~nplex geologic structure w i l l  be more bene- 

f i c i a l  in the long term. The geologic structure and limited resource base 

will severely r e s t r i c t  the size of coal mines in th i s  region. Large-scale 

operations (wer 1 million short tons per y e a r  as used here) are not prac- 

tical in  the Matanuska coal f ie ld .  The dewsi t s  are important though, since 

they contain the only known bituminous coals within the R a i l b e l t  region of 

Alaska. 

The chief limiting factor to cod developmt in the Bering River cod 
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f i e ld  is the cenplst gmlogic stmctum. A better of t k  depo- 
si- -ts of the mtinental Tertiary X u S h t a k a  Fo-tian might 

a y  .rLf in an hprmed -ledge of coal &amcter but p d x b l y  

rat greatly exploration and dwel-t pplarning. zhe ccmplex geologic 

strur;l.ture in field w i l l  severely amstrain the size of futuremine opera- 
tions. ~t is believed that the coal deposits w i l l  serve as a saxe for high 

quality specialty o r  mtal lurgical  coal, or  low-ash carbn raw material. 
Inpmved d e p o s i t i d  W i n g  of the Tertiary cantinental-flwidl coal- 

bearing grwup strata in the N ~ M M  basin shculd be important for future mine 
planning in this region. Structure again m y  be a local q l i c a t i n g  factor, . 
but ingeneral is not- to be a severe l i r n i t i n g a m t r a i n t  tominede- 

velapnent. The resource base of the Nenana basin w i l l  not be a limiting factor 

to further ccal develaprrent, although future mine size w i l l  unlikely exceed 5 

million short tons per year. The coal f ie lds  of this region w i l l  serve as  an 

increasingly important source of steam coal both for Alaska and Pacific-rim 

nations. Wrt of coal £ran the U s i b e l l i  Coal Mine, Inc. of the Nenana basin 

t o  South Korea will begin in l a t e  1984. 

The Chignik Bay and Herendeen Bay basins contain many thin seams of mal 

in cyclic nearshore marine and nomarine deposits of the late Cretaceous Chig- 

nik Eonnation that have been mined in previous years, but it is beliwed that  

both the coal character and resource base m y  be limiting factors & future 

&el-t. C o d  character and bed thickness in these areas suggest that thick . 
codls w i t h  large lateral srtent w i l l  probably not be encountered in the Creta- 

ceous coal-bearing s t ra ta  anyhere on the Alaska Peninsula. Thick coal accumu- 

lations cannot be expected to m in covered areas i f  depositional environ- 

ments were the same elsewhere in the upper Cretaceous. H a e v e r ,  this should 

not preclude the possibility of developing d l  mines. Any po rn t i a l l y  rn 

merciable coal in the ttJo areas are found in the i n t end  frcm the base of 

the Coal Valley Merber of the Chignik Formtion upard  to the base of the 

f i r s t  massive c o n g l m a t e  (McGee, 1979) .  

The dwelopnent of a deltaic sedirrentation d e l  for the coal-bearing 

Cretaceous Nanushuk Group rocks of the Northern f ie ld  has already allowed 

for a greater understandmg of coal character and ultimate developnent poten- 

tial for the different f acies of the unit .  I n  general, intermediate thickness 

and continuity coals of the transition zone between upper and lower delta p l a n  

deposits may prove to have the best future cmwrc ia l  potential. Thicker seam 

of the upper delta-plain d e p s i t s  exhibit poor la tera l  continuity, and seams 



of th lazt data-plain emimmmt are higher in sulfur and of un- 
minable d2Ucness. Ihe cod resoume base of the Northern f ield is definitely 

 lot a Umitlng factor to future -0pmt. Indeed, it caprises one of the 
largest aal cbposits in the world. W e r ,  mining in perrtlafrost will uTadtubt- 
edly be ths xst fomidable challenge to codl mine devel-t in the Northam 
d f i e ld  of Alaska. - 
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k Brown S-, Tyonek F o m t i o n ,  upper Chuitm 
Riva,  Beluga Field. 

B. Wirhbonr Hill ,.unr, Chickdoon Fomt ion ,  
M~tanuka  Field. 

C. Queen Vein, KuhWrr Formation, Bering River Field 
(courtesy R.B.'Srnden). Nenana Field. 

E. Mine Harbor seams, Chignik Formation, Herendeen F .  Kukpowruk River seam, Corwin Formation, 
Bay Field (courtesy J.E. Callahan). 
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DESCRIPTION 

M~QIW undnono and 
congmwurata b a r  with 
OCUIOOM~ thin lign~t* 
0-1 

Clavnona. siJtnona, and 
t h ~ n  nndnono bad; chin 
suDOicuminour foals bad6 

Sandnonr. clavstona. mnd 
s~ttnone ~ m u a a e r  and 
n8su1ua r u b o ~ t u m ~ m u r  
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Sondstona and cotwtomwmto 

Tutiaceous a1ftlton8 ana 
claynone, r u n a r m  u n a .  

, none mno conglomarate 
b.dS 
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on older Tertlarv. 

O .c 







1 High-volatile bituminous 2 Medium- and low-volatile 3 Samimnthracita 1 anthracite 9--9-=-9---0-• h l  rank lincr 
bituminous 
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A. Hrly  0 - k  time (late Oligocene - u l y  
Miocene L 

pp 

B. Sanctuary time (early to middle Miocene). 

E. Lignite C r r k  tinu 1, dtrcuting with F, 
quuicgclic (middle M ~ c ~ M ) .  

F. Lignite Crcck time 2, dtarrrting with E, 
a uuicmlic (middle Miocene). 

G. Grubstake time (Lte Miocme). 

-- 

H. Kenam Gravel time (Pliocene). 
(middle Miocene). 





1 

COMPOSITION 

Volaniclrrtie 

AGE 

Eocene 

Quartzefeldrp.thic 

Staniukovich Fm. Quutzo-fcldrpathic 

Naknek Fm. 

FORMATION NAMES 

Tolrtoi Fm. 



+ + + + 

upm Chi- d . l d c  
~&withdUtributuT 

N&*k Fm. 
N h * k  Fm. 
~ r w  dmonr 

Gmen rlluurn.. 



Quiet deep water deposition 
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- 1  RANGE 1 

Subbituminou cod, 
Northern Field 

Bituminous cod, 
Noehern Field 
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Tablel. ~ o f t h e d ~ o f r n a j a r c o a l b a s i n s i n ~  (in 

millions of skirt tcms; xdified fram McGee and mmel, 1979, and m e  
ardotharr,1oap). 

Measured Identified Hypothetical 

Major d basin Resenres Resarrces Resaurcc3s 

Susitna lawland (Belu- 2,500 10,000 30,000 
ga and Yen- fields) 

Matanuska Valley 50 120 500 

Bering River basin 60 100 3,500 

NeMM basin 4,000 8,000 20,000 
Chignik Bay-Heredem 20 200 3,000 
Bay basins 

Northern field 250 150,000 4,000,000 

Table 2. Representative analyses of coals frun major Alaska coal basins on 

an as-received basis (carpiled frun various sources). 

!& jor 
6 

coal Volatile Fixed Heating 
basin Pbisture Matter Carbon Ash Sulfur Value Rank* 

Susitna 10-30 
lwland 

Matanuska Val. 
Wishbone 3-9 
Hill 

Chickdlm 1-5 

Anthracite 3-9 
Ridge 

BeringRivex -1-8 
basin 

Nenana basin 10-31 

Chignik Bay- 7-9 
Herendeen Bay 

Northern field 
Foothills 2-10 

Coastdl Plain 8-20 

* sa=semianthracite, lvblow-volatlle bituminous, hvBb=high-volatile B bitu- 
minous, h-gh-volatile C biturrinous, subE=subbitminous B , suE=suhbitu- 
minous C. 
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Table 4 .  S m r y  of chief charac ter i s t ics  of Tert iary and Cretaceaus sedimmtary, rock formations of the Mata- 

nuska Valley (curpiled f r a n  Clardy , 1978) . 
SI'RAT1C;RAPHIC DEWGITIONAL 

FORMATION AGE THICKNESS LI'IIIOIDGY REIATICNSHIP l3wmNmw 

Tsadaka Oligocene; Over 150 m Crudely s t r a t i f i e d ,  Overlies Wishbone ard Sheet-flood debris , 
time i n  Tsadaka massive conglanerate; Chickaloon $'onnations deposited orr a l lu -  
equivalent Canyon rnarginal conglaneratic with a distinct angu- vial fan 
of lowest fac ie s  of Kenai Group lar  unamfonnity in 
beds of lower ~ t a n u s k a  Valley 
Kenai Gp. C 

Wisldmne m e n e  550-600 m Well-li thified con- Overlies Chickaloon Fluvial  ernrirarment; 
g l m r a t e s ,  sandstones Formation uncmformably a l l u v i a l  fans and 
and s i l t s t o n e s  i n  Matanuska Valley associated braided 

str-, perhaps 
mandering stream 
deposits in part 

\S 
\rl Cl~ickalmn Paleocene A t  least Well-indurated clay- 

1,500 m stones, s i l t s tones ,  
sandstones, conglum- 
r a t e s ,  coal 

Arkose Paleocene Unknown Coarse-grained clas- 
Ridge tics---arkosic con- 

glanerates,  minor 
shales 

Conformable with wer- 
lying Wishbone Forma- 
tion south of Willow 
Creek in mthwes te rn  
Talkee tna m t a i n s  

N o ~ ~ n f o x m b l ~  over- 
lies plutonic rocks 
along south flank of 
Talkeetna tbuntains 
and over l ies  Talkeetna 
Formation to northeast 

F l w i a l  braided to 
d e r i n g  stream 
envirorment in 
1- part, 
f l u v i a l  Imandering 
to paludal e n v h -  
Kent in upper part  

Ikcal smrce, fan- 
91-ate deposi t  

Fhtanuska Farly to Over 1,200 Si l t s tones ,  sandstones, Underlies Tertiary Marine; s u b l i t t o r a l  
late m thick a t  and C0bbl.e congl- rocks w i t h  local to outer bathyal or 
Cretaceaus type section rates discon fonni t y  abyssal depositiorr 
(Nbian  to by densi ty  currents 
Maestrich- or suhmrine slurps 

t i an)  



Table 5. Genaral of rocks in the Bering River coal f ield (rmdified 

fran Barnes, 1951). 




