





A REVIEW OF THE GEOLOGY AND COAL RESOURCES
OF THE BERING RIVER COAL FIELD, ALASKA
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Figure J, Skatch map of the Bering River coal fie
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INTRODUOCTION

laocaetion and extent

The Bering River coanl fleld i {n soutb-central
Alsska, shout 50 milea sduthennt of Cordova and
(2 milens northeast of thd coastn) village of
Katalla. It Hes between Jatitudes 60°15" and
60°%30" N., and Jongltudes 143°45" and 144 20' W.
(fig. 1). Kunown coal-besring rocka are exposed
In » belt roughly 2) miles long and 2 to 5 miles
wide tronding noOvthesst {yom the east shore of
Bering Lake. (S8ae figsa. | and 2.)

History of investigations

Tha Boring Rivoy coal field was dimepyered in
1696, and practically sll af it wap covered by
coal claimma entered undarx the aw of 1904 (Fisher,
1912, p. 12).

The firat extentive stody of the area was made
by tha U. 8. Genlogical 8arvey in 1308 and 1906,
when the known coal-beaviag area was mapped
topographlicslly and gealogically, and many ceal
bede were measured pnd sampled {(Martin, 1908).

1n 1907 Starra {1910, pp. 2326-2345) madc an,
eagineoring study of the Cunnlagham group of coal
claims e the basine of Trout and Clear Creeoks.
His report iacludes a large sumber of coal analy-
aea, brfef deacriptions of numerous coel expo-
surea, propoaed plana (or development, sad ast-
matea of micing aad development casts. In 1909
brie{ examinationa of the Cunafngham property
were made for the Genersl Laod Office by Keunedy
{1910, pp. 1039-1040) end {or the Forest Service
by Wingate (1610, p, 1043), for the purpoae of
determining whether the nres shoald be classified
a3 coal or noncoal fand. A8 these two snglacers
did not agree, C. A, Fisher, a minlag geologist
of the U. 5. Geological Survoy, was sect to the
area in the same year and made a detalled examl-
nstion of the property (Fisbar, 1910, pp. 1073-
1092), in the course of which he opened mnd
measured 20] coal prospects. Asg 3 result of this
stady be classified all 33 claims of the Cuinning-
ham group aa coal land, the busis of such classi-
fication beinpg the obaerved or inferred presence
of a coal bed of workable thickneas with(n 3,000

. feet of the surface,
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Figure 1, --Sketch map of the Bering River coal field, Alaska, showing public land surveys,
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In 1912 & general examination of the most
promiging parta of the entire Bering River coal
field waa made by C. A. Flahar, W. R. Calvert,
R. Y. Williarng, and S. 5, Smith, minlng ge-
ologists and engineers, to determins the best
localities from which swnples could be taken for
teating by the U, 8. Navy. The geology of the
field and its relations to coal mining were sum-
marized by Fisher and Calvert (1914, pp, 29-50),
and the mining conditions sncauntered in obtaln-
ing the sample were described by Willlama
{1914, pp. 12-28). The Nuvy sampla, totalin
about £00 tons, was obtsined from four Lunm&n
on Trout Creel,

Coul beda in various purts of the flgld were
measured and sampled by J. A. Holmes (n 1911,
W. A. Selvig in 1912, G. W. Evans ln 1515, and
Capt. W. P. T, Hill in 1920, 1921, and 1922,
(Cooper, 1946, pp. 104-107.)

In 1920 a detailed report on the property of the
Bering River Coal Company on Carbon Creak
wes prepared by G, W. Evans (1920), Thia re-
port summarires exieting and propogsd develop-
menta, liats detafled information on many coal

exposures, and gives the reaults of coking and
washing tosts,

Purpose and scope of present report

This report is an stiemp to review anad inte-
grale the results of sevarsl axaminations of the
Bering River toal fiald, incloding some that
have been published only in Congresaions! Henr-
ings and probably are not widely kozwn, and to
evaluate thosp regulis insofar ns poasible {n the
Hght of present conditions, No new field studies
have heen mode by the writer, The purpose of
the present report {x to make more readlly
available the conalderable amount of information
already In existonce on an area that continues to
attract considerable Interest as a posatble sgurce
of both anthracite and coking caal,

STRATIGRAFHY

The general sucteaston of rocks in the region
including the Bering River coal field, according
to Martln (1908, p. 24}, {5 as shown in the fol-
lowing table:

QanaTul weot{on of rooke in the Contrpller Py region
Age Pormation Craraster of roclm Thicknens
(feet)
Quaternary Stream depopits, lake asdinents,
norainel deposits, marine 8ili
and clay
Tertiary or later [labase and baselt dikes
Tokun Sandstone D0
Shels 2,000+
Fushtaks Aringe with mny coal beds 2, 500t
Tertisry §44llvater Shale and awndoiome 1,0008
Canglomerates, sandstmon, end
ahales 2,500
Sandatans %00
Kataila® Shale, sonoreticnary 2,000
Sandatone 1,000
Ghals 500+
Fre-Tertiary CGraywscks, slates, and igneous
roaks

LThe poettion of tho Katalls formatico with reference 0 the other Teriiary formatione is not defi-

nitely establightd. (See following disaugsian.)



The Stillwater formation was dascribed by
Martin (1908, p. 30) as consisting of shale
and sandatone without known characteristic
bads. The Lase of the formation was not
recognized.

The Kushiaks formation, secording to
Martin (1908, p. 31): "# # * consiste predomi-
nantly of coarss vrkoae, although some sand-
stone and much sbale are proseni. It contains
s large but ynknewn pomber of coal beds.
Merine conditions are not known to he repre-
fentad.

WThe thicknass exceeds 2,000 feet, the
exact total not baing known.

A generalinedrwecton of the cosl-bearing
strate glven by Flsher (1910, p. 1077) han
s total thicknese of about 3, 500 feat.

In discuseing stretigraphic relstions
Maurtin (1908, p, 21) stated that:

The Kushtaka formaton overlics the Still-
woter formation, probably conformably, al-
though sa the ¢ontscis are in many places
faults the exact relations are none too well

' kngwn! In tha same report (p. 37) Martin

adrnits the possibility that the sandstone and
shale at the base of the Katalla formation

may be eguivalent to the Tokun formetion,
which would place the Katalla stratigraphical-
Jy above the Kushtake formation. Later work
in adjoining aress by D. J. Miller (Manu-
script in preparation) indicstes that the lower
part of the Kantalla formation is equivalent

to the upper part af the Tokun, Furthermore,
sccording to & personal communication from
D. J. Miller, re-examination of fownile col-
lacted by Martn from areas mapped as Still-
water has raised the poasnibility that the 5till-
water formation may represent » part of the
Katalla formation, in which case it also wauld
be rtratigraphically above the Kushtaka farma-
tion.

The Tokun formation was deacribed by
Martin (1908, pp. 35-36) aa follows:

"These beda overlie the Kushtaks forma-
tion conformably, the transition spparently
representing » change from fresh-water to
marine condiHeng. The formatian ip at least
2,500 feet thick, the lower 2, 000 faect con-
sisting chiefly of sandy ahnales ¢ % & The
shaleg * ¥ * ure overlain by s bed of sand-
stome aeveral hundred (possibly 300) feet
thick. This ssndstone is wall cxposed in the
hillu northeast of Liake Tokun mnd wost of
Lake Charlotte. The beds overlying this
sandetone cantaln some shale, bub are not
well expoged.”

IGNEOQDS ROCKS

According to Martin (1908, p. 41), small
basjc dikes and nille are very sbundant {n the
Tertlary rocks, north and east of Stiliwater
Creek. Most of themn are less then | or 2 feet
thick, and none could be traced more than n

ahort distance, Although hasalt is the predomi-
nant rock, ailla at three localities were do-
scribed ma diabase. These include: three »ills,
interlayored * with coke and ranging in thickness
from 2 to 8 feet, 8t the south end of Carbon
Mountain; a »ill of unapecified thickness at the
basc of the falls near the hesd of Clear Creek,
which has coked the upper 12 inchea of a 17-foot
coal bed; and a 4-foot aill underlying a 4-foot
coal bed op tha esat bank of Clegr Creek about 3
milea above ita mouth, Other basic diken nre
shown op Martin's gealogic map at several painta
on the esst slope of Carbon Mountain.

STAUCTURE

The structure of the rocks of the Bering Rivaer
coal field, particularly as reficcted in the physl-
cal condition of the coBl scams, is by far the
most important factor bearing on the potential
economic valus of the coal depoalts. Thickneen
mensyremanty and analyass of many samplaas
of coal {rom all parts of the flald leave no douht
that the ares contains a large amount of both an-
thracite and coking conl of excellent quality in
beds that arc at Jeant locally of minable thick-
ness. Tha sctunf value of theae deponits is da-
pendent on thelr being minabla (n sufficient
quantity and mt low encugh cast to warrant their
exploitation.

The principal structursl festures of the regien
were outlined by Mertin {1908, pp. 42-43) as
follows:

*The pre-Quabernary rocks of thia region have
a genernl northaust atrika; have gteep dips, which
are narthwesfward throughout the greater part
of the reglon; sand are fsultad. The northeast
strike and northwest dip mre the dominant atruc-
tural features of the Tegion. The sirike varles
from the northeast most mnrkedly between
Kushtaka Loke and Bexrg Lakes, where it }» enat
and west, snd st points in and north of the valley
of Burls Creek, where it is northweat.

"Maonoclinal northwest dip hoids throughout the
greater part of the region east of Kushtaka Glacinr
apd Kughlaks Lake. In the northeast part of this
region the structure is not as simple av the uni-
form strike and rononoclinal dip seem to indlcate.
The folds are in part overturncd, in places com-
plexly so, snd a complicated system of over-
thrust faults ® * * adds to tha complexity of the
structure, which gradually incressze$ from south-
werl to northeant. '

"The strycture between Kuyshieka Lake pnd
Shepherd Crock 8 aomewhst more simple than
in the enpiern district describad above, 1n the
greater part of this region the folds are open,
snd atrike northeast, and the dip northwent, al-
though acutheast dips occur in meveral areas and
there is considerable variation ln atrike along
the valley of Shepherd Craak, # # ® Af least four
faults travarsa this area., Ap overthrust near
the crest of the southern and of Kushtaka Ridge
has cut out the Hushtaks formation ard brought
the Tokun and Stlilwater formationa in contsct
with each other. Another fault of sornewhat un-
certain character extends along the weatern side
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of and abont half way down Kushtaks Ridge. Along
the eastern aide of the valley of Shepherd Creek,
from e point nfar the northern end of Lake
Charlotte to 15 miles below the Inke, two

faults bound azblock of southeastward-dipping
Kushtaks formation between northwestward-
dipping rocks of the Tokun formation. An anti-
cline hasa ita axias on Carbon Creek, and

another, which is probably a prong of the former,
on {Jueen Creek. Between these a synclinal maas
of the Tokun formation lies transveraely across
the crest of Kushtaka Ridge."

Martin measured s large number of coal ex-
posures in all parts of the field, for most of which
he gave the attitude of the bedding. Although dips
were recorded in all four quadrants, they were
prepounderantly to the northwest, at angles ranging
from 200 to 800 and saveraging about 40°. At only
one point, at elevation 1,450 feet on BarrettCreek
(see fig. 2), did he mention a {ault cutting the
coal. At two other points, on the east bank of
Canyon Creek 2 miles above its mouth, and in a
tunpel on the weat side of Kushtaka Lake, he
mentioned coal heda pinching out, but did not state
whether a8 a result of faulting or of atratigraphic
thinsing.

The foregoing description of the structure by
Martin agrees generally with the findings of latar
investigators, who confined their studies largely
to the baesins of Cleaxr, Trout, and Carbon Creeks,
where they found the structure ta be characterized
by moderate to ateep northwest dips, varied in a
few places by tight folds, generally of unknown
extent.

In addition to the four major faults shown on
Martin's map (1908, pl. 8), Fisher and Calvert
{1914, p. 34) reported: "® % * faults of lesaer
dimenaions are exceedingly numerous, some
representing a stratigraphic displacernent of
several hundred feet.

"Every tunnel of any consequence encounters
one or mora of these lesser breaks. In the north-
eastern part of the field the Davis mine has atruck
at lesst six of theae faults in 500 feet of entry.
The McDonald mine at the opposite end of the
field near Bering Lake discloses similar condi-
tiona, and the prospect tunnela in the interven-
ing area encountered the same difficulty."

They referred apecifically to two faults--one a
strike fault below the falls on the middle fork of
Barrett Creek, which they inferred to have
considerable displacement "“aa it appears to cut
practically the entire middle group of coals, *

and the other a transverse fault that trends up

the valley of Trout Creek. The Trout Creek fault
was inferred from the fuct, revealed during in-
tensive prospecting by the Navy expedition, that
scveral thick coal beds exposed on the weat aide
of the creek were not present on the projection of
their gtrikes eant of the creek. A discrepancy

in the sttitude of the strata--almost fiat strata

on the east side of the creek opposite steeply
dipping strata on the west side--also suggeated
major faulting. After examining many tunnels and
outcrops Fiasher and Calvert (1914, pp. 34-35)
concluded that "% ® # gvery part of the field, ex-
cept poaaibly the ridge lying between Trout Creek

and Kushtaka Glacier, is traveraed by an {ntri-
cate system of fault linea, making underground
development everywhere tedious and costly and

in many places almost, if not quite, impracticable,
except where the extraction of only a Hmited
amount of conl is contemplated. "

Storrs (1910, p. 2340) noted a zone of intensze

f;ulﬁn&un Barreti Creek and expressed the
belief that "+ * * the region to the northwest

- wasg raised very greatly relative to the region

to the southeast, and the lower coal seams in
the northwestern sections are, in my judgment,
the same amams as thoae to the aoutheast,'"
Fisher and Galvert (1914, p. 34), slao noted

a strike fault of conaiderable displacement on
Barrett Creek but concluded (p. 36) that no
duplication of coal beds had been produced by
feulting in this area.

Probably more important than the msjor fold-
ing and faulting, in effecting the quality of the
coal, have been the shearing, crushing, and
repeated small-scele faulting that characterize
most of the known coal exposures in the field.
Steep dips and fold axes may determine the
method of mining to be used, and major faults
may limit the extent of mining from a given
entry, but the small-acale features, such as
shearing and crushing, may so adversely af-
fect the quality of the coal and the cost of
mining as to preclude successful development.
Thesae features are discussed in detail under
"Proagpective mining conditiona".

COAL
Areal extent

The area underlain by the coal-bearing
Kushtaka formation was estimated by Martin
(1908, p. 65) to be about 50 aquare rmiles, of
which roughly the eastern half contained mainly
anthracite and the western half mainly semi-
bituminous coal. Martin also estirnated that an
additional 20 sguare miles may be underlain by
coal "at a greater or less depth' beneath the
overlapping Tokun formation. The principal
coal-bearing nreas lie in 'a belt extending north-
erstward from Bering Lake and include the ridge
culminating in Mt. Hamilton; the valley of Carbon
Creek and the east slope of Kushtaka Ridge: and
the upper drainage basina of Trout, Clear, and
Canyon Creeks; and Carbon Mountain. (See fig.

Stratigraphic position

According to Martin (1908, p. &6), the coal
beds of the Bering River field are distributed
throughout the entire thickness of the Kushtaka
formation and are also reatrictad to it, the over-
lying Tokun and underlying (?) Stillwater forma-
tions being entirely barren. fisher (1910, pp.
1076, 1088-1089) on the other hand, found sev-
eral coal beds in areas supposedly underlain by
the Stillwater formation, and therefore comncluded
that at leaat the upper part of the Stillwater was
alao coal-bearing. It ia pasaible either that
Fisher found coal undetected by Martin within
the Stillwater formation, or that the formational
contact as mapped by Martin should be moved
farther south to include, within the Kushtaka
formation, the southernmost coal beds found by
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Fisher. ln a later report Fisher (Fleher and
Culvert, 1914, p. 32) expressed the opinion that
"probably only the Kushtaka is conl-besring,”

The following conclugions on the stratigraphic
positen of the coal beds in the basins of Troui
svd Clear Crecks were stated by Fisher and

Calvert (1914, p. 34);
"The coals Arc distributed throughout the en-

tive thickness of the Kushiaka, and possibly inta
the upper part of tha unferlying Stillwater for-
mations. It is balieved that more than 20 beds of
lecally workable coal occur within the Kushiaka,
but owing to the prevailing complexity of atruc-
ture that exists in this field it is possible that
aome of the beds believed to be distinet arc in
reality duplicationa. These beds arrmnge them-
sulves into three rather indefinlte groups--a
lower, & middle, and an upper.

"The evidence favoring the belisaf that these
groups are distinct within themaelves and not
duplications caused by rmajor strike fauliing
consiats in the wide variation in stradgrapbic
interval between individual beds in the respec-
tive groups, especially when the lowar is com-
pared with the middle or the upper: also in the
difference in the aggregate number of conl beds
present in each group. even when these groups
are examined at nearby places across the strike,
us on Barrett Creek, and further in the abaance
of indications of disturbance of streta euch aa
should be predent U sirike faulting sufficient to
cause group dupiication had taken placa.

"“The lower group containa eight beds of coal
which are modarately thick and generally 100 to
800 {feet apart; the middle group has nine beds
closely grouped within about 400 feet of strata,
and the upper group contains five beds of vari-
able dimensions and slightly more widely sep-
srated than those of the middle group,

A study of a generalized stratigraphic sac-
tion given by Flsher in an earlier report(1910D,
p. 1077} ahown that the grouping mentioned
sbove is indeed "rather indefinjte." Of the 22
con) beds 3 fest or more in thicknass, 14 ore
rather evenly distributed through about 900 feet
of strats near the top of the formation, and the
remaining 8 beds arc widely acattared, eithar
singly ar in pairs. through 2,700 fcet of under~

Aylng etrata.

Physical and chemical proportica

Martin (1908, pp. 81-92) found thst sl pn-
westhered samples of coal from the part of the
fiold east af Canyon Craek posseasscd the physi-
cal characterisiicas of anthracite, snd that foel
ratios based on proximate analyses of coal from
that part of the tlald confirmed ita clesaificetion
s anthracite,

The coal of the reat of the fiald, which Martin
clasaified on the basis of fuel ratios as semi-
anthracite in the middle dlatrict and as semi-
bituminouas in the western district {ese Hg. ),
‘'{g A1l of a frisablec netwure, the leawt cruvhed of
it somewhnt repembling part of the softer bliu-
minous coals of the Esstern Statea.’ Storras
(1910, p. 2330) noted that the coal of the middle

digtrict that had not baen crucshed had a con-
choidal fractore.

For analyses of coals of the Bering River
field the reader ik referred to UJ. 8. Bureen of
Mines Technical Bulletin 682, which coantsine
most of the previoualy published analyses as
well as muny previowsly unpublished snalyses of
coal from all parts of the fleld (Cooper, 1946,
pp. 60-68, 101-107)., Thesc analyses show the
coal of the fleld to range i{n heating value from
12,000 to 15,000 B.t.w , as received, and in
rank {rom anthracite in the oastern part, through
semiscthracite in the middla part, to low-vale-
tile bitwninous in the wastern part. The low-
volatila bllumincus cosl corresponds to the sami-
bitumineus coal described by Martin.

As a roault of field coking toats, Martin (1908,
p. 82) concluded that prectically all the coal of
the Geld claesed as aepaibitumivnous was of good
coling quall?'. Storrs (1910, p. 2329) and Fisher
and Calvert (1914, p. 38) concurred in this con-
clusion, However, the rosults of tasts reported
by Evans (1920, pp. 18-20) indicaic that the
Carbon Creek coal does not make & satisfactory
coke in a beehive oven or in byproduct ovens of
conventional type.

Tasis by the Navy Department (1914, pp. 62-
83) sbowed that the coal from Trout Creek, evan
after washlog to reduce ths ash content to &
compurahle figure, had a samewhat lower boiler
efficlancy than run-oi-minc Focahontas coal,
on which comparative tests wero made, Further-
mara, it formed a large amount of dense clinker
on the furnace grateg, which rmade it unsuitable
for Navy use.

In clesnling the Bering River aample the ssh
contant of the dry coal was reduced from 14. 06
percent xe received to 5. 42 porcent. This in-
volved » loss of 49 percant of ihe fuel ag mined.

Prospective mining conditiona

The following geologic factors were listed by
Martn (1908, pp. 92-93) as affecting the cost of
minlng in this region: topographic position, steep
dips and complicated structure, variability in
thicdness and poseible lack of persistence of
coal bods, occurrence of explosive gas and
large arnounts of underground water, and the
frisble character of the coal. His comments on
these factors, supplemented by observations of
Inter workers, are swunmarized in the following
paragriphe,

Topographic position of the coal

Mariia (1908, p. 92) pointed but that the region
ia one of considersbla relief, that many aof the
coal beds crop out in the boltornz of valleya., and
that sl) the beds, if peraistont for & sufficlent
distence, could be reached by tunnels at the.
level of the valley floors. He caoncluded that shaft
or slope mining would not be necessary for many
yeatrn, or unfil all the cosl above the general
drainage levei had been cxhausted.

In discussing proposed davelopments on Trout
and Clesr Creeks Storra (1910, pp. 2333-2334)
stated;
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"The ultimate developraent of the Cunningham
lands will undoubteadly call for several croascut
tunnels, such as proposed by Mr. W. L. Hawkins
in his report on this property and shown on plale
IV, {rom pear Stw. 9 on Clear Creesk; the others
probably being one on Trout Creeck, one to the
aouthecast from aome point on Clear Creek south
of §ia. 299, and two from the Clear Creek Valley,
one to the northwest aud vac to the scuthenst from
near Sta. 276, At the prea¢ut time [ November
193077 however, sufficient data ag to the field is
oot svailable to justify the commencement af any
of these tunnels with assurance of their belng at
the proper locations."

Storrs further recommended that tent slopes
be sunk from the out-cropa of certaln prominent
seams an the west side of Clear Creek valley
to prove the dip and continuity of the coal befare
the crosscut tunnels were atarted. Fisher and
Calvert {1914, pp. 40-41) atated that coal seama
of the upper group that crop out oo Moore and
Barrett Creeks could posaibly be reached by n
water-leve! tunnel from Clear Creak, but that
beds of the lower group, exposed on the lower
courses of Moore and Barratt Greeks and along
Clear Creck, dip 30 steeply that the greater
pars of their coal tonnage is below water level,

Astitude of the coal

The reclations of folding and faulting to miniag
operations were discussed to some exteul in this
report under the headiog of "Structure.” Martin
{1908, p. 93) stated that in certain mreas of the
field faulis and overturced folds would probably
prevent the successful mining of the coal, partic-
ularly in the structurally complex enstern part
of the field. Miasher and Calvert gave the fautted
and disturbed condition of the coal beds a8 one of
the objectionable features of the coal in {he Clear
Creek basin (1914, p, 41), mentioned complex
atructure sa advergely affcclting coal exposures
at two localities on the ennt aids of Trout Creek
(1914. P- 43), and concluded that the coal
examined In tha valleya of Carben Creek and its
tributaries, Ocean and Leceper Crecks, {8 in a
zone of too complex structnre to warrant devel.
opmeut on & large scale (1914, p, 45). They
also mentioned (1914, p. 45) two areas where
conditions seemed to warrant further prospect-
ing. One of theae doscribed as a poasibly
undisturbed area that lies in a fault block on the
east side of Kushtaka Ridge, aud the other as an
spparently unfaulted area on the northwest zide
aof Carbon Craek, which is underlain by the upper
part of the Kuahtaka formation and should there-
fore coontain coal, According to Evane {1920,
pp. G, 70), however, development work on the
north side of Carbon Creek was not toc eacourag-
ing, but work on the south side of Carbon Creek
ravenled at lanat dne coal bed that ghowed prom-
ise of being exceptionally persistent, and gave
recason for helieving that a emall mine could be
developed.

Conweiderable care should be taken in this region
{n interpreting the attitude of dedding from distant
views or aerial photograpba. Beds exposcd along
the sfrike may appear o have 8 uniform mono-
¢linal dip, but when exposed acroar the strike

may be found to be compressed into tight over-
turned folds.

Peralatence of the coal

Coal ¢xposures in the Bering River fleld consist
for the most part of isolated natural outcrops and
prospect openlags along the main skream courses,
the intervening areas are covered with soil, moss,
and other vegetation. Few coal beds have been
traced more then ghort distances, so that little
is known of the maximum extent of individuml coal
beds, Martio (1908, p. &8} mentioned oue anthra-
clte seam on the east side of Carban Mountain
that wes reportedly traced for 2 miles, A aeam
on the west side af Carbon Mountain, which he
degcribed an "appareantly very persistent,' was
measured at two painis about a third of & mile
apart and was tentatively correlated withthe above.
mentioned seam on the east side of the mountasn,
about balf a mile distant, Fisher and Calvert
(1914, p. 47) reporied that an 8-fcot seam on the
west aide of Tront Creek was traced for 600 faet
along the purfsce, within which distance it thinoned
to 16 inches nnd became dirty, A 30-foot bed
near the same locatity was slmilarly found to thin
to 18 feet and become softer "several hundred
feet' to the gouthwest, and at about 1, 000 {eet
from the origina)] proapect tunnel te counsist of
ouly 4 {eet of soft dirty coal, Several othaer coal
bedi in the field, particularly on Trout and Clear
Creeks, have been follnwed underground for
distances ranging from a few feet to 350 feet
Maost of the tunnels termioated whers the coal had,
Plnched out or had been cut off by faulting.

A review of available reports {ndicates that
change in thickness {8 a common feature af coal
veins in the Bering River Held, Not all the
descriptions indicate the cause of the thickness
change, but structural deformation, in the form
of pquessing and fsulting, and gtratigraphic thin-
ning are both represented, According to Fiaher
and Calvert {1914, p. 36) “ino some places there
is an actual thinning of the entire bed, and at
others {mpure coaly shale or horaebacks reduce
the thicknsss of the pure coal.”

Mariin (1908, pp. 6B-74) described several
examples of thickness change, The anthracite
seam that was traced for 2 miles on the east
side of Carbon Mosuatain was said to range ia
thickneas from 9 to 2% feet, and a seam 200
feet below, from 4 to 1l fcet. A coal bed on the
caxt bank of Canyan Creek 2 miles above its
mouth was described ag contaiming 2 teet 9 inchas
of coal at oue point but being very variable in
thickncus and pinching out higher in the btaff,
In 8 creek on the weat side of Carbon Mourntaln
opposite the mouth of Canyon Creek two coal
Zeama were reported, one rangipg in thickness
from 3 tn 21 loches and the other frem 14 to
24 inches, A third scam on the same creek
ranged from 8 to 22 {uches in thickness, A
coal bad at the base of the falls on Clear Creek
wad found to thicken within a few yarda fram 8
feet 2 lnches to abaut 16 feet, A 10-foot bed
near the west shore of Kushtaks Lake was
deseribed only arg "pinching out. "

Storras (1910, p, 2341) found & coal seam, bn
the crest of Cunninghem Ridge opposite the head
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of Trout Creek. contsining 32 feet of "'very soft
shelly coal**®w{th two large benches of coal and
slate mixture” that thinned to 4#4feet within a
digtance of 60 feet to the southwest, He implied
that this abnormal thickness change waa probably
related to a nearby faulted sone. Storrs (1910,
p. 2344) atao examined a 350-foot tunnel on the
wedt side of Trout Creek and measured a maxi-
mum thickness of more than 60 {est of coal,
which he helieved to be a "pocket" caused by
lﬂu.tﬁ“.gb

Figher and Calvert (1914, pp. 39-42) noted
several examples of abrupt thinning of coal aeams,
They described one bed, above the falls on Clear
Creek, as being more than 40 feet thick at one
point but "perceptibly thinned” a short distance to
the acuth by a chaly parting. Below the falls
and 300 feet ubove the creok on the west alde, a
coal seam 45 feet thick waa found, but less than .
100 feet to the south it decrensed to 25 feet
by the development of shaly members.' On
Trout Creek a coal bed opened by a 100-foot
tunnel waa found ¢0 have a "workable thicknesa''
at the portal but to thin to 18 inches at the tace,
A aecond coal bed exposed in a 175-foot tuune!
decreased ia thicknens {rom 5 {eet at the portal
to 3 feet at the face, !

Presedde of water and gas

Martin (1908, p. 94) predicted that underground
water would be encountered in large amounts in
any mine development "owing to the abundance of
surface water and the deep fracturing of the
rocks, " and noted that gas had been encountered
in several of the longer tunnels, In discusaing
foults Fisher and Calvert (1914, p. 34) pointed
out that "they sct as underground channeta for
the excessive amount of water that permeates
every part of the rock section.' Although Storra
mentioned encountering gas at only one locality
(1910, p. 2339), he stated in a discussion of
propoaed mine developments (1910, p, 2328)
that "large fans and systematic ventilation will
be required, lor considerable gas has already
been encountered very close to the outerops,
He also referred ¢ probable large qusntities of
water as one of the mining problema to be faced.
Wiltiama (1914, p. 25) noted that large quantities
of methane were found in the two longest Navy-
expedition tuonels.

Physical condition of the coal

Aglde from ita inherent physical properties,
much of the coal of the Bering River field bas
acquired additional characteristica through the
ahearing and crushing that accompauny structural
deformation. Martin (1908, p. 81) noted that
moet of the coal exposures in the eastern part of
the fleld ahow ''oniy a soft, weathered maas of
coal which gives iidtle indication of anthracite
character," (ts clageification ns such belng baged
on analyses abd numerous flocat apecimens of
bhard bright coal, Ag noune of the openings ln that
part of the fleld extended beyond the zoue of
weathering he was unable to determine whether the
aathracite became hard and unbroken at depth,

Ha described the coal of the reat of the region,
clagsed a8 semianthracite and semibitominous,

a5 a1l being of u friable nature, meany beds having
been severcly crushed snd sheared, Storra (1910,
P. 2330) also found that "'many of the seamas show
much crushing and shearing, and although the
couls are hard, they are guite frisble and have a
flat, siippy. fracture.'” Evans (1920, p. 17) noted
that the frimble character of the coal {rom most of
the beds on Carbon Creek would be a handieap
during ehipping, but added that the tendency to
break into small sizses would be offset to some
extent by the cokiug teudency of the coal which
would cause the amatler particles to agglomerate
into large masses instead of falling through the
grates,

In discuseing the character of the coal with
reepect to mining conditions Williama (1914, p,
24) atated:

"In mioing operations, Judging from conditions
thue far found, the loas of coa) will be high, It
is doubtful whether, under present mining methode,
a recovery of over 25 percent will be posaible
from a number of the most favorable beds, It is
believed that the coal of some beds will be found
s0 eoft and cruahed that the coal will "flow" or
‘'run'' under pressure induced by the mining opera-
tions, so that it would be difficult to malntain
pillars, It {x possible that sume modification of
exiating methods of mine packing could be applied
that would insure a high percentage of recovery;
but such a method would necaszitate the quarrying
of rock or the excavation of gravels on the surface
and delivery into the mine of the packing material
and would render the cost of mining high. "

Fisher and Calvert (1914, pp. 36-37) deseribed
the coals of the Cunningham claimse as followa:

“They are prevallingly soft and friable, with a
pronounced foliated structure and grapbitic luater.
In at least 90 percent of the beds the coal haa been
badly crushed and shearing planes are highly devel-
oped. A few beds appear to be moderately firm,
but such beds are generally closely sssociated
with faulting, where the pressure causing deforma-
tion has been released, The soft, friadble condi-
tion of the coal 1a not B surface as pect due to
weathering, as has generally been supposed, but
18 deep seated, In different parts of the fleld
where development work has been carried gn, the
coals that are aoft and friable at the surface do not
increasr perceptibly in hardness underground,

In commenting on the friability of the coa) Mar-
tin (1908, p, 94) noted that if this condition per-
sista at depth {8 would seriounaly affect the market
value of the anthracite becauge of the high propor~
tion of fine coal that would be produced in mining
that would result from crushing during tranasporta-
tHon, Both Martin and Storra (1910, p. 2330
exprensed the belief that the semibitnminous coals
would not be 80 serfousty affected by thia condi-
tion when used an steam or coking coals, However,
impairment of the combustion qualities would not
be the ounly eflect of the high propartion of glack
resulting from the c¢rushed, friable condlt{on of the
coal, Ju toading the pulverized coal at the mine
{ace more impuriiies from the roof and partings
would be vaavoidadly mixed with the cosal than
would happen in coarger material. Willlams (1914,
p. 25) noted that in each of the four tunnels {rom
which the Navylcoal sample wag taken the hanging
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wall consistcd of acft, slippery shele that grades
downward into the coal. He poinied out that such a
roof ia difficult to hold, cspecially in & reglou of
broken strsta, and expresaed the bellef (1914, p.
26) that the coal would require washing because of
{mpurities within the bads, the preveiling soft
neture of the coal, aud the probable admixture of
rodf materisl,

The efficlency of separation by wat cleaning of
coal begina to drop sharply below the Z-millirneter
size, and very little separation ls effected below
the 1-millimater size. Washing of the Bering River
cosl, consisting of a large propertion of slack,
would therafore probably involve excessive [uel
io88, excopt possibly by an expensive (lotationpro-
cess.

Another effgct of the bigh proportion of slick
would be the retention of much of the large smount
of extrantous moisture that would be expacted {n
raost of tha coal mined io the arean. This exceas
wster would be particularly troublesome in winter,
when it would require the installation either ot
expensive drying equipment at the mine, ar of
facilities for thawing or otherwise removing the
frozen coul ay the unlonding point,

A generel irnpression of the condition of the
coal in different parts of the {ield may be gained
Irom the following summary of doscriptions of
{ndividual exposures cxtracted from the reports
reviewed,

Clear Crepk, --Storrs (1010, pp. 2339-2340)
mentioned 10 conl exposures along Clear Creank,
but referrcd to the condition of ounly 5 of them.
Of these, three were described ax hard bright
corl, one showed the effect of crushing in the form
of & "flat, slippy fracture', and one was "so
faalted that no section could be taken. "' Fisher
sod Calvert (1914, pp. 38-39) described three
cosl outerops along Clear Creek, all of which
were badly broken or crushed, and twao contaipned
"canmon-ball'" nodules of hard fmpure coaly
material,

rre reek, --0Oun lower Barrett Creek Storrs
{1510, p. 2340 noted five coal outerops, which
he described ax "badly disturbed and fauited.
none of them mbowing in minable shape,” On a
woat fark, sbove the falls, bhe messured 13 beds,
ranging in thickness from 3 1o 17 fort, of which
ous was degcribed as '"shelly, " two ap faulted,
one a8 containing "aulfur kidneys,' and four as
“very Boft.!' Fisher and Calvert (1914, pp. 38-
319 ) examined what is probably the asme series of
beds, which they described as "bright and rela-
Hvely clean, but, without exception, badly crushed
ioto & molybdenitic structure. Shaly bodies,
tommonly known as ‘horasbacks’, are frequent io
the thicker beds.' On the headwaters of the east
branch of Barrett Cresk Storra (1910, pp, 2340-
2341) noted "very disturbed measures” in which
all the conl examined was “soft” or fuulted and
anminable, "

core k. --Alang the majn courae of Moovre
Creek, Storras (1910, pp. 2341-2342) examined
cight coal outcrops, Of the four he describad.

two were of hard bright coal, one wes a coal and
slaste mixture, and ope wos badly faulted. On tbe

esstern headwaters five seams were noted, of
which three were badly faulted and soft, and two
were hard and presumably vndisturbed. Om a
westarn hendwatex he found four coul seams--one
25 feet thick--that were all of soft coal or greaily
disturbed.

Of tour heds depcribed by Fisher and Calvert
(1914, p. 40) on Moore Creek, three were crushed
or sheared and one was roferred to only as "clexn
coal." In the saddle in the crest of Cunningham
Ridge at the head of Moore Creek they reported
two thick beds afisoft, crusbed coal.

Trout Creck. --Storrs (1910, p. 2343) examined
eight coal exposurea an tha headwaters of Trout
Creek. He doscribed a 32-foot bed a8 "soft ahelly
conl, " an 18-f{oot hed ag containiag slate and dirt
atreaks, and s third bed at »n Ydisturbed outerop. "'
No doacription waé given of the ather five beds.

In the main Trout Creek valley he made spacific
note of 25 conl exposures; of these 7 ware
described as foulted, 2 as aoft coal (prosumably
crushed), 3 28 part bard sod part soft {erushed?)
cosl, and 5 as bhard bright conl. The condition of
the other cight exposures was not given.

Of pine coal bods examined on Trout Creek by
Fisher and Calvert (1914, pp. 41-43, 46-48),
seven were described as bsdly crushed and
sbeared or soft. The other two beds were hard
and bright where first exsmined but where found
to thie and become soft and-dirty within short
distances.

Berr Creek. --Storra {1910, p. 2345) described
thrae coal beds on Bear Creek, of which one
consisted of hard bright coal and two were in part
hard and bright mod (o part aoft and dirty. Flahar
and Calvert (1914, p. 48) did not describe Individ-
ual sutcrops op Bear Creek but remarked that
copl hoda wherc found wore badly crushed.

Kushtaka Ridge.--Fisher sod Calvert (1514, p,
43) described oce conl bed, axposed in a tunnel
on the eaat slope of Kuahtaks Ridge, as soft and
crushed, mod two beds as being partly hard and
partly crushed., They also meantioned acelng
several other coml operningn in a2 disturbed xone.
in which the coul was gencrally soft and crushed,

nCr --On Carbon Creek snd ita tribu-
taries Fisher sud Calvert (1914, pp, 43-44)
devcribed four coal outcrops, of which all appeared
to be of good quality, but ona was saft and friabla
and another waa in a closely folded and faulted
20ne.

Bering Laks, --Fisher and Calvert {1914, p, 46)
reporﬁi that the McDanald mine, on the east
ahore of Bering Lake, was opened on & é-foot bed
of impure coal that was cut by severa) minor faulfs.
Tbe mine sutput was estimated to contsino more than
90 percent slack coal. Two beds opened south of
the mine were ssid to be soft and crushed.

Qaafgn Cregk. --The only available description
of coal on Canyon Creck is that given by Fisher
and Calvert (1914, pp., 45-46) of an 11-foot

bed exposed in a tunoel ou Canyon Creck about

2.7 miles abovc its mouth. The bed was soft and
friable and, excopt for the upper 3 or 4 fact, too
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dirty ta be minsble, Other coul outerops an
Canyon Creek were meapsutred by Martin but nat
described,

~-Nao detailed deacriptions of
coal cuterops on Carben Mountaln ara avallmhle,
but general statements by Maztin and others indi-
cate that the conl of the eaatern part of the flold
is characteristically crushed and friable,

CONCLUSIONS

Availuble information leaver litile doubt that
coal of high guatity, including both coking coul
and authracite, is present in great aggregate
atnount in the Bering River ficld. As the coal
beds are exposed only in scatiered short tunvels
and isclated ocutcrops, little is known of the(r
over-nll continnlty. Examipations of hundreds of
exposures, howover, and & few attempta at
treciog coal velns along the cuterop an well an
underground, bave revasled n tendency for the
coal to change thickness within comparatively
short distaucas, either by thinning of the bade
or by thickening af rock partings.

Prabably overabadowing iu impartance the
original extant and continuity of the various coal
beds i» the fact that in & laTga proportian of the
exposures sxaminsd the coal has been greatly
disturbed, elther by complex faulting or by
crushing and shearing resulting from structural
deformaton. Such condifions will, in many places,
complicate if nat preclude the succesaful mining
af the coal, particularly where shearing of the
coal has been accompanied by the introduction of
impurities from the euclosing atrata,

Io view of the abova conditions, which ssem
typical of all parts of the Held that have heon
studied, the prospects of proving a large roverve
tonnage of economically rminable coal in a single
block are not encouraging. Smaller blocks, pos-
2ibly ample to keap m small mine in operation for
severil years, may be present in several parts
of the field, pariicularly oo Carban, Trout, and
Clear Creeks. Any such block ahould be
theroughly tested by both surface and underground
prospecting before any lurge investroent in surface
plant iz mads.
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