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THE WISHBONE HILL DISTRICT, MATANUSKA COAL 
FIELD, ALASKA 

By Faaary, F. B a ~ w ~ s  and ! h m ~  Q. PA- 

lills Whhboge HiIl dlmtrbt, 46 miIea northesat of Bncborage En math-central 
dI.~ka, 1Im on the north slde of the Matanu~lra Valley near Ita lower end. The 
dtstrlct talres its name from t h ~  promfnent conglomeratwapped bill that oc- 
rmpiee Its central wrt. Coal waa %rut mined in the district In 1916 and produe- 
tion baa been continuona with one to four mines in operation at one time. In 
an eitort to stfmulate prductlon of coal to meet the Increased demanda resulting 
from World War 11, a core-drilllng progrnm and geologlcnl inPerrtigation of the 
WEsbbone Hill district, whlch Includes the only known workable d m l t a  of 
biturninow coal In the A l a s k ~  Hallroad belt, was undertaken In 1943 and 1944 
by AeId uaih of the Geological Surrey and B n m u  of Mines, cooperating agendss 
of the U. S. Department of the I~lterior. 

The coal-bearing rocka of the dfatrlct are Tertiarg In age and include all grada- 
tlons from coarse sandatone nnd conglomerate to cEayetone: they are mostly 
concealed by a mantle of Quaternary degoalta m by a capplng of younger Ter- 
tlnrg con~lomerate. On the hnaln of both regloaal and detnild geologic etudiea 
two algnjdcant cbangea in the strntigraphlc w t l o n  or the lower Matanuska 
Vatleg nre proposed, A ser ie~  cf arkosic shalea and conglomerates that are en- 
posed on the north Jde of the Matannplka Vnlley nnd have heretofore been con- 
sidered to be Tertiary in aue and a t  lennt In part equivalent to the coaI-bearing 
Chickaloon ionnation, are believed by the greaent writers to Iie at the base of the 
nnderlylng Matannska formation and to  be Late Cretaceous fa age. T b e  second 
change propoaed 161 the dlviaion of the Faha conglomerate, whlrh overlies the coal- 
bearing Chlcgaloon formation. Into an upper Tsadaka formation and a lower 
Wf~hbaae forrnntion on the basis of litholn~lc diEerence and the preaence of an 
nnconfamity between them. 

The dominant atrnctural feature of the diatrlct is tbe Wishbone Hill synctine, 
a canwhaped fold that extenda the full length of the dlatrict and is cnt into 
m e n t s  by several mafor tranaveme taulta Mlnlng has been restricted largeIg 
to the ends and to the moderately dlpping north limb of the fold, a8 the outcrop 
of the 6011th limb of the coal-barlog formation is deeply buried beneath slide 
sock and glacial demlts. 
The coal-bearlag Chlchloau farmatlon Icl at I& 8,000 feet thick, but the d 

bMa are con&ndl largely to the u m r  1,400 feet, where they m r  mdnly in ionr 
p n p e  of three or more Ms. whlcb have been named, In aescending order, tbe 
Jonemilla Premier, E~ka.  and Burning Bed coal maw. Principal prodncHon 
bo date has been fmm the Prernler m a p  In botb the eaatern and w m  park 
.of the dletrfct, and from the mka gronp tn the pastern part. 

I 



Tbe c d  beds ranee from a Sew incherr to 23 ieet In tbickneaa ; however, the - 
thlclrw beds include ao many partings that in no Instance bas mare than about F. 
12 feet of coal been mlned from a given bed. The coat of the dlatrtt la  high* 
roIstrle B bttaminoas in rank and ranges in lieatlng value, d t h  a few exceptlona, 
from about 10,500 to 13,000 Btn. on an as-received bash. 

Estimated remafnhg rerPerr6-a in advance of mlne workin@ ks of jrdU 1952, 
excluding relatively nnknown arena on the aonth llmb of the Wishbone HI11 .Y 

qncline and In section 10 at the extreme northeastern end of the distrl& aggre- 
gate nbout 102 m!lllon tom. of whlch 50 million tom is c M  as indicated re- 
serves and 6!2 million tans as inferred reserves. < 

INTRODUCTION 

PUBPOSE dXPD . m P E  OF THE EESOBT 
- 8 '  

The field work on which this report is Gased waa unrhertab m i p  
inally during World War I1 when an urgent need a m  far deteraxin- 
5ng where the I n r p t  amount of cwll could be developed in the 
shortest possible time for the use of the Army, the Alaska Rnilmd, 
and other ngencim vitally concerned with the mar effort. Mimev- 
grmplled reports on field work in 1043 and 1944 mere m l e d  iri 1945 
to make basic information quickly available to leaseholdem add others 
interested. 

The present m p r h  emhdies the complete results of this Larlier 
-work as well ns subsequent work in the nrea by the Geologiml Sumey, 
mpplemented by the results of diamond drilling by the Bumnu af 
Mines, nnd is intended to  bring up to date existing knowledge of 
the geology, con1 resourceq and mining activities of this important 
coal field, nhiclr in 3953 contained the only producing bituminous' 
wal mines in the Territory. 

LOCATIOH AND 03 THE D m I C T  

The Mntannsks coal field is in the Matanuska Valley of ma- 
~ t r n l  Alaska, near the hend of Cook Inlet and about 45 miles north- 
mst of A n c h o w  The field as here defined includes the Anthmite 
Ridge and C31ickslmn districts in the upper or eastern pnrt of the 
valley, the Wishbone Hill district in the lower part of the valley 
proper, nnd tka Little Susitna district, which lies along Ithe northern 
edge of the lowland area north of 1Cnik A m .  The Wi&bne Kill F 
district embrnces an area about 8 miles long .and 1% miles mid& that 
extends northeastward along the north side of the valley from a point 
about O miles north of Pnlmer, the business center af the Government- 
sponsored Mat annska Valley agricultural colony, The location of P 

the area mapped in the p-nt investigation is ~ h o m  in figure 1. 
Although the district, as determined by the h o r n  extent of coal- 

baring mks, exbnds from Moom Creek on the west to the head of 
Rnob Creek on the east, the p m t  report is limited to  the arm 
west of or in the immediate vicinity of Eska Creek Although MHLB 



M d  work was done on Rnob Creek in the early part of the present 
inmstiption, later extensive prospecting and mine development have 
indicated that the area west of Knob Creek is geologically so ebmplex 

:*that it waa decided to defer its discussion until it d d  be mapped 
and studied in more detail. 



4 WISEtBONE HILL DLBTRIm, dBbTANIJt5Kb COAL FIELDI MAKEA 

The first study of the ma1 in the Matanuska field was made in 1 k 5  
by Martin (1906), who took detailed measurements and sardpleg-of 
many con1 beds. In 1906 the Mntanuska Valley was mapped topo- 
grapl~ically and geologically on a reconnaissance =ale of 1 : 250,000, 3 

and an approximately complete section of the Mewzoic and Tertiary 
rocks ws described for the first time (Pnige and Jhopf, 1007). In 
1009 a topographic survey of the lower Matanuslca Valley was made 
by R. H. Sargent, and the resulting map, on a scab of 1: 82,500, was 
published in 1912. In 1910 a more detailed geologic survey, using 
Snrgentk map as a base, was made by Martin and Katz (19123, 
Pmgresp reports on mining developments in the Matanuska Valley 
were made in 1917 by M a r h  (1919) and in 1918 and 1919 by Chapin 
(1920, 1921). 2922, a diamond-drilling project, part of a Gov- 
ment program to stimulate the development of mineral resources 
in the Mnskn Railroad belt, was carried out in an attempt to locah 
minable ma1 beds west of M m s  Creek, at the extreme sl>utl~west 
end of the Wishbone Hill district (Waring, 1934), Five boles were 
drilled about 1% miles southmet of the b i e r  mine (pL 23, but 
no minabla coal beds were found. 

Ths most recent study prior to the present indigation was that 
of Tuck ( 19371, who in 1834 nnd 1035 mad0 a topographic and geolo@o 
survey af the eastern part of the district. 

The p-nt report is based on surface and underground mapping 
bg the Geological Survey, supplemented by data f ram diamoacl drill- 
ing and trenching by the Bureau of Mines, during the perid 1943- 
1951. In addition the senior author, as geologist for the Alaska 
Railroad from 1939 to 1M$ mapped the underground worltinga and 
p1ogy  of the Eska mine and did considerable surface prospecting 
on the Eska reserve in the eastern part of the district. 

~ W O B g B T ~ B ~ U O l ? ~  

In 1942 the B-u of Mines began a program of drilling and 
trenching along Mmm Creek to errtend the known area of minable 

* 
coal deposits and prove additional tonnage as a stimulus to nine 
development and coal production to meet the increased demands 
created by World War I1 (Apell, 1944). The drilling program on 
Moose C& was carried on from November 1942 to A u p t  1943 and * ' 
fmm June to Deoember 1944. %ring this time 11 holes were drilled 
and several trenches wem completed In 1945 operations were shifted 
to the mshn prtrt of the field, where 3 holes were drilled on the Eska 



9. mmme, in the NW'f/4 sec. 16, T. 19 N., R 8 E. (Barnes, 1051 ; Jolley, 
Toangw, and Turnbull, 1952, p. 618). No drilling wna done in 194% 
but in 1947 and 1948 the Bureau completed 9 holea in the extreme 
northeastern part of the district to test for additional: cot11 reserves 

I 
beyond the limits of the old Eska East mine working3 (Jolley, 
Toengq and Turnbull, 1952, p. X S Z ? ) .  In 1949 drilling opemtjons 
were shifted to the southern rnnrgin of the district mest of JonesvilI.a, 
where the problem was to test for minable coal beds to the mest nlong 
the strike from old mine workings. There the outcrop belt of the 
cod-bmring formation is compIetely buried by glacial depsitg talus, 
aad landslide debris. In 1950, 1951, nnd 19511 drilling wm extended 
to the north nnd west into arms where the coal-bearing formation 
is overlain by a thick cap of conglornernte that f o m  the c e n t 4  
part of Wishbone Hill. 

R- WORK BY GEOLOGICAL g P B m  

In 1943 the Geologjcnl Sumy undertook the completion of J a w  
sca3e mnpping and detailed study of the con1 d e y i t s  of the Wishbone 
Hill district, where drilling by the Bnrenu of Mines mas a h d y  in 
propem+ T. G. Pnyne, chief, D. M. EIopkins, Jacob Freedman, and 
E. R Lamon began mapping the northwest margin of the district 
between the Premier mine on Moom Creek and the west boundaly of 
the Evan Jones Pease (Anchorage 05476). In 1944 Payne and Hopkins 
completed the mapping of the western part of the district, and F. F. 
Barnes and P. M. Byem, Jr., completed the mnpping of the eastern 
part. Work in the eastern part of the district included the detailed 

P - tracing of ma1 beds in areas where isolated expures hnd been mapped 
by Tuck (193'1). In this work n mall posthole auFr was used to 
locate and trace coal beds and determine the character of bedrock 
under l~eveml feet of overburden. By this mems it was possible not 
only to expose coal sections at  critical localities with a minimum of 
twnehing, but also to trace quickly certain concealed can1 beds for 
considerable distanw where the amomt of time and lnbor involved 
in trenching would have keen prohibitive. 
Tn 1945 the district was visited by Bnmea at frequent intemls  be- - heen June 7 and October 17 far the purpose of checking on mining 

developments, collecting additional field d a b  and furni~hing gee- 
logical pidrtnee for the diamond-drilling project of the I3urea11 of 
Mines on the Eska m m e .  In 1946 no field mork mm dona, and in 

1 
1947 and I948 only a few days were spent in the district eat11 -son 
by Barnes to.chwk the results of diamond drilling east of Eska Cmk 
by the nureau of Mines and to assist in the correlntion of coal beds. 
In 1949 Payne spent a month in t h e  district studying the complicnted 
dmcture indicated bg drill records in the area west of Jonesvilla 



Jn 1950 Barnes, assisted by D. M. Ford, qmt the m n  furnishing e - 
geological d s t m c e  for the drilling project and colleting additions1 
geologic &ha in various parts of the district; in 1951 the same work 
was continued by Ford. 

OEci Js of all the operating mines in the didriet, which included st 
d o u s  times the Bnffalo and b i e r  mines on Moose Creek and the 
Evan Jon-, Eska, and Knob Creek mines in the eastern part of the 
district, mpermtd fully in furnishing mine maps and ather dlttq in 
permitting access to underground workings, and in extending avery 
courtesy and hospitality to the field personnel. G. 0. Gates, under 
whose general supervision most of the field work was done, has given 
many hdpful suggestions both in the field and in the office. 

A prominent topographic feature of the lower Mabnuska Valley ia 
w s h h e  Rill, a conglomerate-capped syncIinal ridge that extenda 
from the Premier mine on Moow Creek northeastward about 6 miles to 
Esks Creek, occupying the greater part of the a r q  described in this 
mprt (pls. 1, 2). Tbe main ridge rises gradually northenstwnrd, 
from an altitude of 900 feet near the Premier mine to 2,333 feet at  ita 
highest point northwest of Joneaville. Bold conglomerate cliffs cap 
the northern and southenstern slop- of Wishbone Hill, converging 
to the northeast around the m i  t peak to  form the 'cwipbbone'' pat- 
tern f m  which the hill takes its name (Tuck, 103?, p. 198). The 
cliffs an the southeast ham a sheer drop of more than 300 feet, forming 
a prominent landmark that can be seen for many miles up and down 
the Matmuska Valley. Within these outer cliff3 sevewl wncentrio 
lines 02 hogback ridges, Iedfies, and dip slopes clearly reflect t h e  muth- 
westward-plunging synclinal stru~ture of the mstem part of Wish- 
b n a  Hill. 
. On the north Wi~hbne Hill is separated from the rugged Tahtna 
Mountains by a bmad valley drained by tributaries of Eslm and Mcm~ - 
Creeks ; an the enst and west it terminates at the sharply incised val- 
leys of E h  and Moose Creeks, respectively; and on the south it is 
flanked by a b d  relatively flat mface with a general altitude of 
nbut 800 feet that is broken by many deep h @ a r  depreggions, some P - 
containing lakeg. This surfwe, which exten& rnuthwad 1% to 2 
miles to the M a t a n d  River, is underlain by a mixture of t e r n  
p v e h  and glncid depxita, mch ss cover the greabr part of the lower 
M a t a n d  Valley. 



M& of the north sfope of Wishbone Hill and tha basin -pied 
by Wishbone I d r e  t h i n  sauthwestward i n b  M m e  Creek. All the 
dietrict east of Jonesville drains into Eska Creek. Most of the south- - 1 dope of Wishbone Hill is drained by several small streams that 
an* morainic swamps and lakes with no surface outlet. 

Both EBka and Moose Creeks head in the rugged Talkeetna Mound 
Cains, whose wuthern front is about a mile north of Wishbone Rib 
and flaw southward to join the Mntanuaka River. The character of 
Eska Creek was dmcribed by Tuck (1937, p. 187) as follows : 

The headwarn of the creek, although nmall in area, are otten to 
torrential raInialb, whose deatructlve influence lec mually moat severe in thb 
portlon of Eska Creek * [adjacent to Wishbone HIEL]. Here tbe ff ood plaf n 
of Eska Cree& in  only about 200 feet wlde, with steep walle on h t h  gides. Dnrbg 
early mining operations rrome o t  the camp and mine bulldlng8 were mnatructed 
on t M s  flood plain, but high water has d&myed moat of t h o ~ e  so situated. The 
greater gart of the blgh water comes from the Weat fork of Eaka Creek [alnce 
named Glorytiole Greek], which drains a part at the Rrea on tbe north Bide .of 
Wishbone 3Ul but bas Ita sonrce la a large mpring on the mnth side of the 
Tallreetna Mountaim. Generally, August la the period of hlgh water, altboyh 
destrueti~e floods n~na11~ occur ow every 3 or 4 yearn. 

Severe dnmege to  the old Esh mine surface plant by a diml in 1 9 s  
prompted the abandonment of the old mine opening and the e P i n g  
of a new tunnel farther west and well above meek level. 

Mmse CreeEt a h  h a  had a histmy marked by disastrous dbods hi 
which the chief dsmage has been to the railroad spur m a g  the coal 

t mina that have o p e m t d  at various times along its course. In 1941, 
aftsr sevmI yeam of inactivity, a rePival of interest in mining on 
Moose Creek led the Alsska Railmad to reh~biIitate the track to t h i  
Premier mine. The following year a particularly violent f l ad  so 
sseverely d a m e  the track and road bed that all plans for keeping 
the Line in operation were abandoned. 

I .  

fii Matannsks Valley, although adjaeent ta tidewatar, lies so &r 
S h m  the open oce4ln that its climah is more like that of the inhior 

than tha t  of the ma&. TIie summers are mild, and the winters are 
severe, low temperatures ofhn being acmmpanied by strong down- 
valley wind& The temperature may rise &I above 80° F in aummar 

= bn$ drop M o w  -30" F in winter, but these extreme temperaturn 
am exceptional. In the following table temperature and precipib 
tion data are given for the Weather Bureau station with the longest 
m r d  in the Matmuska Valley, situated near the village of Mabnuska 
abnt 10 miea muthwtwt of the Wishbone FEU district, Although 



this station is a few hundred feet lower and geveral miles closer h the - 
w 

amst than the Wishbone Hi11 district, the climatic conditions probably 
are not very different. 

Althong11 the nvemge annual precipitntion ia less than I6 inches, thei 
density and rnpid gromtl~ of vegetntion is compnrnble with arew with 
madl Illenvier rninfall in t l~c  United Stntes. Factors which contribute 
to the humid aspect of the lower Mntnnuskn Valley probably iriclade 
the cumpnwti~ely low mean temperatures of the summer months wit,h 
consequent small loss of moisture through evnporntion, long hours of 
gunlight m ~ l t i n g  in occelernted plant growth, and the concentmtion 
of henvie~t~precjpihtion in the summer mantla 

Timberline in the Cmk Inlet region is at a general elevntion of 
2&Khl to 2,500 feet; consequently nll tlie nrea of tllis report except the 
highest pnrt of Wish bone Hill is theoretically belo~v timberline. 
IIowerer, althougl~ n few scattered patches of timber nre present on 
the lower slopes of Wisl~bane Hill, the p n t e r  part of the district is 
de~oid of ~ l l  except scnttered t r m  and smalIer growth, either as a 
m ~ l t  of fires or k n u m  of nnf~vornble soil conditions. The trees 
include spruce, birch, and cotton~~md. Few of the spruce tms e x 4  
1 foot in diameter, but cottonmod trees 3 or 4 feet in dinmeter are not 
uncommon. Very little mine timber is obtnined locally, most of that y 
used beingsl~ipped in from other pnrts of the vnlley, pnrticulnrly from 
flre agricultun~l area around Pnlrner where it is a byprodact of Innd- 
&learing opmtions. Smaller growth includes alder nnd red birch, 
,generally occurhg in dense thickets, high-bus11 cmnberrgr, wild rnsp- r' 

&wry, blueberry, wild mse, nnd devilsclub. Otherwis b ~ m  nrens nm 
 cove^-ed with a dense growth of nntive gmse and firewed, wItich 
by midsummer lmUy attains a height of 6 feet or mom. 



dcmzwmm 
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The lower Matmush Valley is served by the Alaska Railroad, a 
branch of which extends 22 miles from Matanush station through 
Palmer to Eskn and Joneslrille, in the endern part of the Wishbone Hill 

w district (pb 1). A spur line formerly mrl-ecl mines dong Moose 
Creek, at the mest end of the district, but was abnndoned in 1942 be- 
muse of recurring destructipe flowis. Tile Glenn IIjgl~way, a yerrr- 
mnnd hard-surfaced road connecting the Anchornge-Palmer I3igl lw~ y 
with the Richardson Highway nnd the interior of Naska, psses nbout 
2 miles south of Wishbone HIIF. Bmnch roads connect I<skn, Jones- 
TUB, and tha Premier and iauflalo mines on M m  Creek wit11 the 
main highway. After nbnndonment of the M m  C m k  spur, con1 
from the Premier and Buffalo mines was hauled by truck, either 
dirmtly t~ markets in Palmer md hchornge or to n loading dmte at 
the month of Moose C d  where it mas t r a n s f e d  to milmnd cam 
on the branch line. 

QEOmOY 

The Wishbone Rill district lies in an area of mderately deformed 
cW5c rocks of Tertia~ age, mngj ng  from cI aystone to oonglomerata, 
which, topther with the surrounding and presumably underlying 

* Dppr .Cretamns rocks, h n ~ e  been deprwed between pnmllel zon- 
of major faulting that border the Mnhnuska Valley and sepnrnte the 

, Cretamns and Tertiary rocks from the older and more higllly de- 

d 
formed metamorphic and intrusive rocks of the mountains on either 
side: The gseat fault thnt extends far many miles dong the north 

, side of the valley Iias been k t  described north of Castle Mountnin, 
in the upper-5latanuska Valley (Martin rind Katz, 1032, p. 72-73], 
and is herein namd the Castle Mountain fault. The Talkeetnn hlonn- 
tains to tlm north are composed of gmnitic and gneissic rocks, in- 
cluding granite, quartz diorite, and quartz monzonite; the Clrugnch 
Mountains to the south consist of greenstone, diorite, and interbedded 
alate and p p a c k e ,  To the east of the Wisllbsne Hill district the 
Cretaceous and Tertiary rocla of tha Matanuska Vnlley have been 

* 
7 extensively intruded by mosses of diorite porphyry, nndesite, gnbbra, 

and diabase. The only h o r n  igneous rocks within the TVishbons 
Hill district are e few small basic dikes. To the west of the district 
a mantle of glacial deposits covers nll but a few smnll mattered rtreas 

-- w of Tertiary. rwh. Within the district bdrock is largely concealed by 
Quaternary glacial and alluvinl deposits, which cover nll but the 
steeper dopes. me lower s l o p  of Wisllhna Rill are covered wit11 
s m a n t l ~  of loom debris, mainly conglomerate bl&, that has either 



~ d a ~  aa talus or, as in the area arcinnd Qmde,  rasnlted from 
extensive l d d i d e a  

The general succeesion of roeh in the Wishbne Hill district is 
given in the following chart : 

STEATl(3-lUPE?Z 

ORafACEOBB S Y B T E M  

bammE RmOE r o m T I D H  

.b asmblaga of ark-, conglomerate, and shale more than 4000 
feet thick liea in a belt extending along the northern border of the 
Mntmuska Valley west of the Chickaloon River. In the vicinity of 
Mmm Creek the formation is somewhat more than 1,500 feet thie$k.: 
These rock were described by Martin and Katz (1912, p. 3940) as 
follows : 

The a r b s &  conglomerate. and ahale are highly indurated, in thia mpect, m 
In other lithologic characterlath, dlEering from the other Tertiary m k s  .* *. 

The roc& exposed on the ridge north e l  Mmse Creek are principally arkom 
ivith a few beds of shale. The arkose is fine gralned and conglomeratic in 
placa, but the conglomeratic feature nowhere pre8omlnatetl. The rocks have a 
dark-brown to gray color and contain all the maential eon&taentn OF @%nib. 
Qua* idaspar, hornblade, blotite, and chlorite can be Msllg recombed. 
h a l l y  the feldmr i~ much leaollnfzed. The chtorite give@ the whole sack Ln 
places a greenlsh ttnge. Xnch of the arkme ~ m e w b n t  resembles an Igneous' 
rock. &me of it ia so much llke granite in appearance that it8 sedimentary 
character is rmgntmble only by s few ruundvd pebbles and carbonlaed plant 
remaina. On the other hand, the arkom gradea into conglomerate so thst no 
deflnite line can be drawn between them. 

ih thew Pocks are distinct from all other mcka in the region and are 
typically e x p o d  on Arkme Ridge, northwest of Wishbone Hill, they 
are considered as R separate unit ~ n d  here named the Arkose Rid*' 
formstion* 
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On the north side of Arkom Ridge the A r k  Ridge fomation is 5 believed to rest with sedimmtary contact on an evem surface of granite 
of the Trhetns batholith. The evidence for th is  conclusion, as g i v a  
by Martin and Ratz (1912, p. 41) includes the uniform pnralIelism of 
the contact with the bedding in the arkose and the lack of m y  indica- - t tion that the granite was intruded into the arkose. On the south side 
of Arkose Ridge the forma tion is in fault contact with the Chickaloon 
formation of Tertiary nge and tbe Matanusks formation of Late 
Cretaceous age. On the bnsis of a few plant fossils in two collections 
examined by Knowlton and Rollick, the arkosic mcka wemdatwmind 
to be probably Eocene in nga (Martin and Katz, 1812, p. 42) . Martin 
and Katz, and later Capps (1927, p. 401, expressed the belief that 
t h m  r& include the basal beds of tha Tertiary s~rstem and am w t  
l w t  in part equivalent to the Chickaloan formation and pmibly 
the Eska conglomerate of the Wishbone Hill &rick 

After making detailed studies of the Chickaloon and averlying 
formations and comparing &ern with the arkmic r&, the present 
writem are inclined to question any equivalence in age, particularly 
in view of the fact that Roland W. Brown of the GeoIogical S u k y  
has remntly reexamined the fossil collections and concluded that they 
could be either Cretceous or Tertiary in w. Consequently there ia 
no campelling reason for considering the A r h  Ridge formation to 
be Tortierg in age. In fact, the following several lines af evidence, 

A in the opinion. of the writers, point to its being not only older than 
the Chickalaon formation but possibly, at least in part, older than 
the Matrtnuska formation. 

I - 1. The mclm of the Arkose Ridge formation are much more highly 
Murated than those! of the Chickdoon formation. As the arkosic 
rocks are not strongly deformed or othemim metamorphosed, the 
greater degree of induration strongly auggwts greater age. 

2. In gross lithologic characteristics the Arkase Ridga formation 
differs greatly from the Chickalbon formntion. As the two formations 
am in juxtspition along the Castle Mountain fault'it is difficult 
to Mime that the differences rspmnt a lithic facies changa. It 
seems more likely that they repreflent different perioda of sediments- 

C 
tion. 

I 8. On the north ~ i d e  of Arkow Ridge the Ark- Ridge formation 
is in sedimentary contact with granite of the Talkeetna batholith, 
which was intruded probably in Middla and early Lata Juramic time. 
The Matanuska formation therefore must either be younger than .* the arkosic rocks, or have been eroded from the area before deposition 
of the arkose. In view of the f a d  that k h ~  Matanuska formation is 
present in great thickness only a few miles R W R ~  in the Matnnuska 
Valley, the first interpretation seams more plausible. 

MS#r-B 



4. During infestigations in 1952 in the northeastern headwaters of - 
the Matanuska JCiver and adjoining parts of the Nelcfha area, Arthur T 

Gtmtz of the Geological Survey mapped a IakraIly prsistent unit 
consisting of 50 to 650 feet of arkosir: snndstone, conglomerate, tuld 
dale .  This unit yas found to underlis or form the basnl part of 
the bbtanuska formation, and to lie on an emion surface tlint tmn- - 
mtes formations ranging from Early Cretawous to Early Jurassic 
in age. The similarity of this unconformity to &-ha one at the base 
of the Arkose Ridge formation on Arkme Ridge? as to character, 
am of the uiiderlying rccks, and lithology of the overlying m d q  
strongly sngpts that tlie erosion surfaces in the two nreas are the 
game and tlmt the Ark- Ridge formation is correlative with the 
arkmic unit of the Nelehina aren, which is of undoubted h t a  
Cretaceous nge. 

6. Along the suuthern boundary of the Wishbone Kill district, 
both in the Eska m e n  and in the north bluff of the Mntanuska River 
below Moose Creek, the Chichloon formation nppears to rest directly 
on the Mahnuska fomntlon. The nature of the contact is not known, 
ns it is not e x p d ,  but the presence of outcrops of the two forma- 
tiom d t h i n  sllort distances of each other indicates that the Arkose 
Ridge formation Is either a k n t  in this area or underlies nt Ieust 
the upper pnrt af the Matanuska formation. As its absence wouId 
requi1.e the presence of n fault of considerable magnitude or a mnjor 
uaconformity, far either of which evidence is completely lackingT it 
seems logimI to conclude that the Arkme Ridge formation lies lower 
in the gection. 
In view of them interpretations which, nlthough not concluwve, seem 

best to nccord wit11 nvnilable information, the Arkme Ridge forma- 
tion is tentatively agsumed by the \witem to underlie the Matanuska 
formation md to be Lute Cretaceous in n g a  

An Upper Cretaceons unit of shale and sandstoria, named the 
Mntmuslca formotion by Martin (1228, p. 3171, is widely distributed! 
in tile Mutanuska Vnlley. Rocks of this formation nre expclsed to 
ille south, east, and probably to the north of the Wishbane I1111 dis- - 
trict and presumnbly underlie the entire area of the Telltiary coal- 
bearing mb. Tl~a contact betqeen the Cretneeous and Tertinry 
rocks hm not been observed in this district, but its approxjmnte posi- 
tion has bee11 determined within fairly narrow limits from scattered z 
outmps and is s l l o m  on plate 1. 

.The most completa section of the Mahnuska formation is exposed 
in the g o r g  of Granits Creek about 2 miles east of Eska, where it 
has an a g m t e  thichem of at least 4,000 feet (Martin and Krttz, 



We, p. 24). The lower lialf is practically all shale and the npper 
half is interbedded smdstone nnd shale, the sandstone predominating 
A fm thin conglomerate beds are included. 

The Late Cretaceous age and marine origin of the Bfntanuska for- 
inntion has been estnblisIled fmm fossils, among which I w e r a m t a  
is the most \ridespread and nbundant geilus. The U p p r  Crehceous 
rocks diffe~ lithologically from the Tertiary mcks: the sl~nles of the 
Mntnnuskn formation nre rendily distinguisl~ed by tlteir dlrrker color, 
greater hardness, n~ld  p1nty fracture, nnd the Upper C~etrrceous snnd- 
stones rtre in genernl dnrker, hnrder, and more evenly bedded; never- 
itheless p a t  care must be taken in field mapping to distinguish certain 
isolated outcrops of exceptionally bard Tertiary sandstone from tllose 
of Cretaceous age. Otlser criteria for distinguihing the Upper Cre- 
taceous rocks are the n k n c e  of coal and tho presence of marine 
fossils. 

%TERTIARY BYSTEM 

The Tertiary m'$s of the lower 1Clntnnuska Valley mere described 
by MWin and XCata (1012, p. 3 M )  as including thm nonmnrine 
sedimentary formntions--an unnnmed nssemblnge of ark=, con- 
glomernta, nnd shale; the Chickalmn Pmation;  and the Eslra con- 
glomemte. The arkosic sequence, nanied the Arkose Ridge folmation 
and believed by the present miters to be Cretaceous in age, Irns bwn 
dmrihd in the preceding section 
The Chickaloon formation in the Wishbone E l l  district comprises 

at Feast 3,000 feet, and possibly as mucll ns 5,000 feet, of intwb~ddrd 
clnystone, siltstone, nnd snndsto~~e and includes several groups of 
valun ble cwl beds in its upper pnrt. 

The F&a conglomerate of Martin and Rntz has h e n  found in the 
p m n t  in~~estigation to be divisible, at Feast in the IVisl~bone Rill 
dishict, into two formations. The division is based on lithologic d i s  
similurity and evidence of a distinct angular unconformity. To t h ~  
lo~rer unit, rrhich is well consolidnted nnd consists of nbout 1,850 feet 
of pebble conglomerate with mnny beds and lenses of anndslone and 
finer clastica, the nome Wisl~bone farmation is lwrs applied. The less 
incfl~raterl upper unit, of undetermined tl~icImess but including several 
hundred feet of boulder-cobble conglomemte, sandstone, and siltstone, 
is best exposed in Tsndakn Canyon on lower Moose Creek, and is 
herein named the Tsadnkn formation. 

TIre Chickdoon nnd TVisl~bone formations probably are Paleocene, 
or p~ssibly early Eocena in nge, nnd the Tsndalr~ formation, Fmne 
or younger. T h e  older formations have undergone essentinlly the 
mme defomatjon -as the underlying Cretaceous r o c h  W ~ ~ I X ~ S  the 
T ~ a d a h  formation is only mildly folded., The moonfomity at the 



bm af the Tdaka formation ia believed to represemt the Laramide 
t 

oropny. 
It has been generally assumed by earlier writem that the heel- 

betrring rocks throughout the Cook XdetrSusitna lowland lare all of 
egsentially the same age, the diffemnce in rank of the included ooal 
being related to d m  of defomatiw. For example, the relta- I 

tively flat lying coals of the Little Sw~itna and Homer districts are 
aubbituminous, whereas the more highly deformed beds in the Wish- 
bone Rill and Chickaloon districts are bituminous or higher in rank. 
Recent studies, however, b y e  sug@ed tha pcmibility that the dif- 
ference in rank may be due to a differenca in age rather than d~grea 
of deformation. Wailed Btudies of keds in aP1 parts of the Wish- 
h a  Hill district have revealed no significant difference in rank beY 
twwn highly folded and fadW mE beds and &OM that hrrve been 
only moderately folded. Furthermore, although present evidence is 
not conclusive, the ~tructure of b d a  exposed at  the east end of the 
Little Susitna didrict suggests that the subbituminous ml-bearing 
beds of that area overlie a thick conglomerate series that  appears to 
be identical with the Wishbone fomakion of the Wishbone Hill di& 
trict, which in turn overliea the bituminous cud-bearing Chickaloon 
formation. T h e  possibility is therefore suggested that coal series of 
two different ages, the younpr possibly correlative with the Tsadstka 
formntion, are present in the Cook InEet-Susitna lowland, and that 
higher-rmk coal, correlative with t h e  Chickaloon, may uderlia the 
su bbituminous coal-heering beds of the Little Susitna, Homer, and 
other district& 

earc~cio'oa -rn 

The Chickaloon formation in the Wishhne FIX district m p -  
between 3,000 md 6,000 feet of claptong siltstone, mndstone, a few 
thin Ix& of fine-gained conglomerate, and many beds of coal, Th6 
formrttiori is of continental origin and contains an abundant flora that 
may be sither Paleocene or Eoeene in age. Although the Chickdoon 
formation probably underlies the entire district, it crop out mainly 
in peripheral areas around the great W B  of mnglomerafa tbat W V B ~  

the central part of Wishbone Hill, It is also expo& at s c a t t e d  
points along Moose Creek and,some of ib tributaries from the north- - 
weah md along Eske, Glovhole, and Knob Creek 

Minable coal beds are mnhed largely to the upper 2,443) feet of 
the formation, where they occur in =vend more or I~SB well-defined 
groups separated by mrnpmtivdy thick sections of dmta containing s 
little or no .coal. A few scattered thin wal kh am present in the 

'-w, Ft F w  1988. R t t h n i ~  W On tb. Lltth 8UHW &W&" -t.mmb 
oollneleld.ak.*r: V . $ . Q - L B a n s r ~ - m l i s p w t , p , C a  



j: lower psrt of the formation. Concretionary iron wbo~ate, or iron- 
h a ,  in thin layers and nodules or irregularly distributed an- 
ranging from a few inches to%weml feet in diameter, is widesprad 
in all the strata, including the wal. Petrified wood occurs locally, 

I 
prkicularly near the Eska and Chapin ma1 beda. Impressions of 
fossil Ieaves are especially abundant in the roof rock of t h e  ma1 seam. 

The lower part of the Chickalm formation, 'below the coal-bearhg 
' d o n ,  is exposed north of Wishbone Hill, dong Eska and Glorghole 

' b k s .  Scarcity of outcrops and complex structure p ~ v m a  ac- 
curate determination of thickness; however, unless faulting nnd fold- 
ing have caused a large amount of duplication, a t  least 3,000 feet of 
strata are represented by outcrops along Gloryhole Creek. There the 
formation consists of dark purplish-gray claystme and silty claystone, 
with minor interbedded siltstone and sandstone. Locally the sand- 
&om grades into fine congIornerate. 
In the western part of the district the lower part of the Chickaloon 

formation is exposed along M m  Creek between the Castle Monntain 
fault and Wishbone Hill, along Premier Creek, and along ot1m creeks 
between Moose and Premier Creeks. In this a m  the minimum thick- 
a m  of Chickaloon strata below the coal-bearing mtion is about 3,500 

A feet, and the rocks are conmr grained in gms aspect than t h  ex- 
posed along Eska and Gloryhole Creeks. Sandstone and conglomerate 
constitute more than half of the exposed section, A caaly unit about 

1 20 feet thick, consisting of coaly claystone, bone, and thin beds of conl, 
lies at the base of the exposed m t i o n  just south of the Castle Moun- 
tain fault. The coal-bearing part of the Chickalwn formation ap- 
.pamntly has h a  entirely eroded f-rm the area northwest of Mmse 
CmlL 

WIerXBONm J n u  dEed 

T h e  upper, or mI-bearing, part of the Chickaloon formation, abut  
1,000 feet in mjnimnm thichess, is exposed on the flanks of Wishbone 
Rill. It consists in general of poorly shtjfied clnystone, silktang 

f fight-gray to buff sandstone including Jocnl lenses of conglomerate 
and mnglomerntic snndstone, and conl. Tho elastic rocks intergrade 
both laternlly and across the bedding. The clagstane of the upper 
part of the formation is generally lighter in color than that of 

- * the lower part and commonly contains scattered thin coal stresks 
and irregalar fragments of carbonaceous matter. h m l l y ,  by in- 
c m m  in maly mttterial, clagstane grades progressively into eoaly 
da+ne, bone, and m l .  The sandstone in general: is feldspathia 
and poorly indnraq but locally contains larga mistant masses m- 
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mented by ~ O T I  and calcium carbonates. T h e  conglome~ate lenses c01l.i j. 

sist of a sandy matrix in which are embedded cobbles, pebbles, nnd 
granules of vein qunrtz, chert, volcmic and metamorphic mka, and 
fragments of clay mks of local origin. 

Individual beds in the Cllickaloon formation, including the -1, 
are not notably persistent, tending to  thin or intargrad8 within rela- I 

tively short distances. Far example, the Eskrt bed, one of the princi- 
pal coal beds in the Eska mine (pl. 3 ) ,  is locally as much as 6 feet thick 
in the south-limb workings hut thins to about 2 feet at the west end of 
the north-limb workings. The Eska sanddone, a medium- to canme- 
grained feldspathic sandstone that overlies the Eske seam, ia 75 feet 
thick near the portal of the old Eska West mine workingz an E s h  
Creek, newly 90 feet thick in the Eska crosscut tunnel, but is lacking 
in the Evan Jones tunnel (pl. 4), where the corresponding strnti- 
graphic psition is occupied by fine siltstone. 

Marked changes in thickness are not confined to individunl beds 
but chamcterim larger stratigraphic lmits as well. For example, the 
total thickness of the coal-bearing part af the Chickrtlmn formation, 
measured upward from the base of the Eska coal group, decmses TC& 

ward from about 1,000 feet at  the Eska mine to 600 feet at the t o m -  
ship line on the north side of 7Vishbone Hill, 2 miles to the west (pl, 5). 
The thinning is most prononr~ced in the interval between b d s  5 and 8 
of the Evan Jones mine, mhich deereases from 250 feet at the m& 
cmscut tunnel to less than 100 feet aitlmlity 17, less than a mile to 
the west (pl. 4). 

Although individual ma1 MR, including most of those wiUli the 
well-defined coal goups, tend to thin or gmde 11tsm1ly into clastia 
sediments within relatively s h o r t d i a t q  thermal groups themselves 
are much more pmjstent. The npper (Jon&&) group h been 
traced intermittently from the south-limb workings of the Evan Jones 
mine nenr Esk~ Creek to the Premier mine on Moom Creek (pls. 1, 
a, b ) ,  The middle (Premier) p u p  has been identified a t  =vend 
points between th0 Premier mine and the esst side of Eska Cmk 
above Eska. The lower (Eska) group has been, identified in mine 
working3 and drill holm east of Eska Creek and traced mestward 
through the Eska and Evan Jones mines. West of the Evan Jonea - 
cmswz~t tunnel the coal beds of this p u p  were trnced in d w i n g  
thickness to locality 16, but rre either absent or nnexposed between 
localities 11 and IS (pl. 6). West of locality 11, ma1 beds found at a 
corresponding stratipphie position in outcraps, mine tunnels, and 2 
drill holes at  several points along Moose Creek mny represent a 
westerly mthuation of the Eska group. A still lower but em- 
nornically mimprtant coal group wras traced from the M a  mim 
westwsrd to  locality 20. These bedEs appear to be at the snme strati- 



r graphic position as, and are themfore d a t e d  with, the Burning 
J3ed coal group on MOOSB Creek Coal beds were also found at a 
w v o n d j n g  stratigraphic position in everal drill holes east of 
Eskn Creek. 

Certain thin layers of day or claystone in the Chickaloon formation 
I 

ara exceptionally persistent over considerable areas and have proved 
of vnEue in the ca~rel~tion of cml beds, One of the best known and 
most persistent of these so-called marker beds is the "Eskn marker", 
which appnrs just below the roof of the Eslm coal bed. This marker 
consists of at lend one, and in many places two, thin light-colored 
hard clny bands, generally less than an inch thick, that eontrnst 
sharply with the enclosing ma1 and roof rock. The &ka marker ia 
present throughout both the old and new  working^ of  the Eska mine 
and was noted in outcrops ns far west as l d i t y  22; it thus has a 
known extent of nearly 1% miles. 

A m n d  distinctive cl~ystme marker was t d  betwen localitim 
15 and 21, along the north slope of Wishbone Rill, for a total distnnce 
of 8,000 feet. Although this lnyer wns not seen in an unweathered 
state, it appamntly C O ~ S E S ~ S  of a few inches of light-colored clnpstone 
that weathers and swells to a foot or more of orange-yellow plastic 
clay. This clay was found at sevem2 localities a few inches above one 
of the lower ma2 beds of the Premier group and mas helpful in cor- 

# relating sections at the different localities. The clay in this and several 
other similar layers exposed in the Eska and Evnn Jones mines hrra 
some of the propertiw of bsntonite and may represent a decampwed 
volcanic ash. It swells m t l y  on exposure to air and moisture and 

t becomes esft and plastic, which causes it to ooze out of the enclosing 
etntta in tunnel walls. Other less per~istent claystone partings in coal 
beds aided in correlation over short distance& 

TBAIMM O M T O X  M D  YIATANUBKA BL.lfBBB 

Chicknloon strata are e x p a d  in the lower part of Tsadnh Crrnym 
and in the bluffs on the north side of the Matanuska  rive^ (p1, 2). 
They consist of daystone, siltstone, mndstone, and a few maly beds 
cornpad mostly of bony coal, h e ,  and conly daystone. Only a few 

a - crwl b d s  8 feet or mom thick ttre p m n L  A geneml id  composib 
emtion of the part of the Chickalow formation exposed in this aren, 
totaling about 1,500 feet in thickness, is shown in plate 6. 

In the Matunuske, River bluffs b l o w  the month of Moose Cmk a 

P 
covered interval of 6,700 feet, rnemred along the railroad h c k ,  @pa- 
rates the lowest exposure of Chickdoon formation from the nearest 
exposure of Matanuska formation, about 2 miIes below the mouth of 
Maea Creek. The Matanuska stmta, in the river bluffs both above 
and below M m a  Creek, have approximittely the same attitude as the 



Tertiary &&a, both lying oh the muth limb of tbe Glenn sgneha 9 

(pL 2). Assuming an absence of large fanltg, the c a v e d  internal Ea 
aeetimated to r e p m t  about 1,600 feet of gection, Bscanse the Mah- 
nnska formation is mare higldy indurated and tends to form promi- 
nent clifls along the river, it  i$eems most likely that the cove& section . 
mmista of Chickaloon fomstioa I f  this is correct, the totsl thick- 
ness of the Chickaloon in this area ia at least 3,000 feet, including 
1,500 feet of measured and 1,500 feet of inferred section. The top of 
the Cbiekaloon formation is not exposed in this are& 

The stratigraphic relationship of the Chickalmn gtrsta near the 
month of Moose Cregk to thase in the Wishbone Hill area has not 'been 
definitely established. The beds e x p o d  in Tsadaka Canyon probably 
anderlie the coal-bearing part of the Chickdoon formation exposed 
around Wishbone E l l  and thua are equivalent to beds exposed between 
Wishbone Hill and &hose Ridge, It is possible, however, that the 
upper part of the Wdaka Canyon mtion, including several thin coal 
beds, is equivalent to the lower pnrt of the Wishbone Hill mction, in- 
cluding the Burning Bed and possibly the Eska coal groups. 

The Wishbone formation, here named for exposores on Wishbone 
Hill, is considered to be probably Paleocene, or possibly early Eocene 
in age. The upper contact of the Wishbone formatian was seen at 
only one pint  on the southwest side of Wishbone Hi11 where it is 
overlain with distinct angular unconf o m i t  y by the Tmdaka 
formation. 
No shnrp boundary separates the Wishbone formation from the 

underlying Chickaloon formntion, the contact being gmdati'wsl 
through several feet, in which them is a p d u a l  increase upward in 
the proportion of conglomer~te rtnd sandstone. Because the contact 
is so indefinite, for convenie~ce in mapping, the base of the Wishbone 
formation was nrbitraril y taken as the top of coal bed no, 4, the upper- 
in& coal in the Chickaloan formation. 
The Wishbone formation consista predominantly d conglomerate 

composed of pebbles, cobbles, and a few boulders in a sandy matrix, 
but it also indudes numerous lenticular beds of sandstone, generally a 

cmssbedded and ranging in thickness from a few inches to 40 feet, nnd 
a few mall lenses of silty claystone, The her sediments are more 
abundant in the Iower part 03: the formation, which in fact p d e s  
impemp tibly into the underlying Chickaloon formation. Tha s2 - 
coarser constitumta are camposed predominantly of he-grained ig- 
neous and metamorphic rocks, chert, vein quartz, anit jasper; peb$lea 
and boulders of granitic rocks are relatively s c a m  The formation 
as a whole is well indurated, but the congIomeratic layers are mom 



f &stant tb emion than the smdy md siltg layem and tend to stand 
mat as a series of concentric hogback ridges and ledges reflecting the 
qnelinal Btructure of Wishbone Hill. 

The outcrop area of the Wishbone formation i n c l n d ~  most of Wish- 
b n s  Hill between Jonesville and the Premier nine, except for a belt 

i about three quartera of a mile wide extending southwestward from 
Wisllhne Lake (pls. 1,2). The maximum thickness of the Wishbone 
formation, ss determined from outcrops and drill hoIes, is st least 
1 p o  feet. 

TSDAXA TOBYULTIO% 

The uppermost of the mnglamerntic beds on Wishbone E l l ,  mappad 
g~ B k a  conglomerate by Martin and Ratz (1912, pl. 51, consists of 
p r l y  indurnted coarse conglomernt~ characterid by boulders and 
cobbles of granite and diorite in a rnntrix of pnit ic  debris. As 
these beds nre not only lithollogically distinct from the underlying 
conglumernte unit but rest unconformnbly upon it, they Elaye been 
mapped separately as the Tsadakn formation. T h e  Tstldakrtr is con- 
~idered to be Eocene or younger in age. I3ecaum of its soft, friable 
mntrix it is poorly expased on Wishbone Hill, but its general distri- 
bution *as determined from many pakhes of disagpgatd c o b b l ~  
and boulders, supplemented by severnl shallow test pits. 

Although a lack of good outcropa prevented the direct deterdna- 
.cc tion of the attitude of the Tsndnka formntion on Wishbone Hill, its 

distribution and surface expression indicate that it dips gently south- 
w.esfnrd, truncating strata of the XTishbone formation that lmve 
been folded inlto the Widlbone Rill syncline and disappearing to the 

1 
southmest h e a t h  glacinl deposits. The Tsadaka formation reap  
pea= in Tsadakn Canyon on Moose Cmlr below the Premier mine 
(pl. 2), where it consists of at least 700 feet of interbedded silty m d -  
stone, siltstone, pbbly sandstone, and fine to c o m e  conglomernta 
The sandstone beds nre arkosic; some of the conglomerate beds con- 
&st largely of granite and diorite, others contain mostly volcanic and 
metamol-phic rock debris, and still others contain both types of mate- 
rid These beds hrrve been only slightly folded, showing low d i p  
m vnrious directions but prevailingly to the aoutl~west, 

5 About a mile west of the head of Tsadaka Canyon am five diamond- 
drill holes that were drilled by the Geologicnl Survey in 1932 (PI. 
2). The results of the drilling mere reported by Wnring (10&), 
who assumed that the approximately 1,000 feet of beds penetrnted were 

1 correlative with the Chickaloon formation, The present writers be- 
lieve that the section penetrated is in the Tadaka formation, for the 
following masons: the cores showed nearly horizontal bedding; the 
beds penetrated, including the sandstone, were poorly conmlidated; 
m e n 1  IX&J of conglomeratic g a n h n e  were found, which are more 



typicid of the -aka fornation than of the Chickdoon formation; 
C 

no coal beds were found, only scattered c o d  lmsa and beds of car- 
bonaceous shale; and projection of Td&a gtrata a ahort distanw 
w-ard down the gentle dip measured in tbe canyon would cafry 
them into th0 ntnge of the drill holm 

The Tsadaka formation is the young& bedrock formation in the L 

Wishbone Hill district. It is overlain by a relatively thin veneer of 
unconsolidated material in the area immediately south of Wishbone 
Lake, but to the sauthwest it is believed to extend beneath a deep 
mantle of moraine deposits that extends along the south base of Wish- 
bone HilL In Tsndaka Canyon mol'aine and temce deposits lie 
directly an an even surfem of gently dipping conglomeratic bgdgl of 
the Tsndaka formation. 
The base of the Tsadaka formation was o h w e d  at two pointa 

About 1,000 feet m t h  of the northwest corner of sec, 84 T. 18 N, 
R 2 E, coarse granitic bulder conglomerate overlies typical Wish- 
bone pebbls conglomerat~ with distinct angular unconf ormity. N- 
though the coarse conglomerate was not visibly bedded, its basa aa 
exposed in the outcrop has an nppnrent dip of 1 8 O  W., truncating the 
gently northward-dipping bedding of the underlying pebbls con- 
glomerak The second basal exposure is on the east wnll of Tsndah 
Canyon, 1$QO feet north of the south quarter c o r n  of sec. 34, T. 
19 N., R. 2 E. At this point nearly f l  nt beds of granite cobble con- 
glomemta rest unconformably on defomed beds of &B Chickalma 
forma tion. 
The relations of the Tssdaka formation to the underlying mlm show 

that its deposition followed the greater part of the deformation that 
has affected the alder Tertiary mks, and pmbnbly J s o  the erosion of 
the Wishbone formation from the a m  traverd by lower Mome 
Creek. 

QOATERWaRa SYBTEM 

The Quaternary deposits of the Wishbone Hill district include . 
glacial d e p i t q  t e m e  gravel, talus trnd landslide debris referred 
to mcollwtioely aa slide rock7 and the alluvial deposib on the present 
f l d  plains. These deposits cover most of the surf am of the district, 
acept  cliffs, the steeper valley sides, and the higher parts of Wishbone a 

Hill. They are repmnted on the geologic maps only where they am 
vory thick or conceal the underlying bedrock over Ierge arens. 

cum DEpoame 
t 

Glncid deposits of various types and thicknmes mve~ nearly the 
entire district. At most points on Wishbone Hill b h k  is concealed 
by a mantle, ranging fram a few inches to 10 f ~ t  OF mom in thickn- 
consisting of a poorly so&d mixima of clay, sand, gravel, and 



.I b a l k  Along much of the ridge c& east of the highest point of 
Wishbona X i  the d a c e  is underlain by m v e d  f e t  of silty clay 
th& clmly resembles weathered Chickdoan be&& except for the 
fact that it contains scattered weH-rounded pebbles of granitic rock 
This matsrial, fonnd in many auger holas, is b e l i e d  to be a glacial 

i depit ,  derived mainly from the Chickaloon formation md tram- 
ported only a short distance. 
Thick morainic deposits are present along the muth base of Wish- 

bone Rill, where some of the depressions in the typical knob-and- 
kettle topography are more than 150 feet deep. Expmms in road 
cuts show t hnt much of sthe material in this area consists mainly of 
wry coarse gra~el  and bonldem 

Tram+gravel deposits are p m t  at many plates along the Mat= 
nu& River and its tributaries, including a few plttcee in the FVi~hbone 
Hi11 district (pls. 1,2). Martin and Katz (1912, p. 69) observed six 
gravel termcm in the wrlIey of Moose Cseek at altitudes ranging from 
400 to  1,000 feet. T?iey also noted well-developed benches on Eska 
Creak at aititndes of about 940 and 1,000 feet, and reeorded wven 
benches between E ~ k a  and Granite Creeks at ~ltitudes ranging from 
660 to 1,150 feat. The temnces along Eska and Moose Creeks am 

P. pmsewed only as isdated remnants of small extent, The ~tlrious ter- 
ram mark successive stages in the downcutting of the Mahnska 
Riwr to its g-nt level in postglacial time. 

Tlalus slides resulting from normal weathering of the conglomemte 
elifis of Wishbone Hill and accmnlations of a somewhat different 
ch~rachr that have resulted from landslides are included under this 
hending. In places the two tylpes of deposits ntw intermingled or super- 
p o d ,  and no attempt has been made to map them separately, although 
the tom of the larger landsfides are shown on the maw by n diskinctive 
sgmbol (pls. 1,2). 

The largest landslide mass in t;he district lies just wegt of Jonesville, 
e where i t  appeara as a prominent lob  of chaotic materinl, with steep 

sides and a generally flat but hnmmmky upper surface that stands 
out from the south flsnk of the highest part of Wishbone Hill, This 
slide is composed in large part of huge blocks of conglomer~rtq some 

I -138wl tens of feet in largest dimension and many projecting above 
'its generally soil-covered surface. Above this l o b  the face of the 
hill is indented by a large pmket or amphitheater, flanked on the west 
hy a sheer conglomerata cliff more than 300 feet high, which evidently 
'wars the so- of the landslide. The ttwce of the Jonsville fault, one 
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af the principal faults of the district, extends aimm the slope dlkwtly e 

below the landslide pocket, and the zone of weakness along this fnult 
may have caused the landslide, 

T o  the northeast and alrnast continpous with the landslide just 
described is another axea that ia believed to have undergone P n p  
scale alulriping. On the extreme west side of the Eska reserve the i. 

area betwm the railroad and the 1,900-foot contour is chchnmcterized 
by hummocky topography, marked by many imgular r i d p  and 
depwssiom and many large blocks of conglomerate. Above the 
2,440-foot contour is a mughlg conical hill, consisting of n tilted 
wedge of mnglomerate dipping 30° S., whose south ffaoe is  a dip slap 
m d  whose north fnca drops 0% nbruptly to n lorn saddle gepnrating 
it from tle main ridge to the north. Although a close amrdnnce in 
attitude of this conglomerate block with the rnnin mns forming the 
peak of Wishbone ?Iill snggeats a normal relntionship, other evidence 
indicates that the mnaller block hns slid ~outhwnrd down the dip of 
the bedding. The irregular topogaphy down the slope from this block 
is typical of either glacial deposition or landslides, but as the material 
consists mainly of mnglomerate bl& and incIudas no glncial grnvel 
or erratic bonlders the evidence for lnndsljda origin seems conclusiva 
Furthermore, several large gnping f r e t u r n  across the dipslope 
surfs* itself are unmisbknble evidence of mnss movement 

It is w u l n t e d  thPt the south dope of Wishbone Hill b m e  opep 
-pen& by glacial chon in PIeistocene time, and thnt mass mmw 
ment of the mall conglomerate-cnppd bloek wns favored by mnee 
of wmkness along faults-pnrticulnrly the Jonesville fault on the 
northmest, and possibly the Eska fnult zone to the wntheast and by 
the southerly dip of tho bedding* This movement involved the con- 
glomerate, and possibly the upper pnrt of the underlying Chickalmn 
formation. The remrds of dinmond-drill holes 14 and 15, just,enst 
of the conglomerate bImk, revenled that tha entim Jonemille coal 
group is missing in this locnlity, its stratigraphic position being marked 
'by Iligllly sheared and contorted rocks containing many ma1 fragments 
{Barnes, 1951, p. 198-200). Whether this disturbance of the Chieka- 
loon strata ~esulted from the landsliding or from earlier faulting is 
not wrtnin; in either case, shearing along plan- 3 mnll nnglea to - 
the bedding destroyed the identity of the ma1 beds of the Jonesville 
group. Observations at many points in the mines of the district have 
~ h o w n  that R surprisingly mall amount of movement along a fnult 
cl~s~ly paralleling the bedding is required to reduce a mnI bed several Z .  
feet thick to a: mass of sheared rock aontahhg only .yaktern13 lenses 
of coal. 

A arnaller landslide lies r little farther northe&, in ths ESNWS 
6 1 1 Thare the abrupt h d a t i o n  of &me aandstons 



*+ ti- which m g p W  to Tuck (1937, p 198) a posaib1e fanlt, is 
due to the slumping of a mass of Chickdoon strnta that now forms 
a bumm* bench on the slope below. 

Another extensive IandsIide was f o d  about 2 miles west of Jones- 

. - - PilIe, in the NEV! sec, 24, T. 19 N., TL 2 E. (PI. 1,2). Thjs slide orig- 
innted n short dishnca soutlleast of Wishbone Lake, moqed muthward 
nenrly llnlf a mile, partly filling the valley khind a prominent hog- 
back ridge and forming the smnll lake near the center of section 2% 
This slide, which is more apparent on aerial photopphs than in the 
Seld, is recognized chiefly from the semicircular amphitheater filled 
with irwgulslr knolls and depressions at its head, and from the hnm- 
mwky surf ace and lobnte dlnracter of its lower part. The huge blob 
of co~lglomernte that cllnracterize the slides near JonesviIle are notably 
locking, pmbnbly bcause thh slide involved mainly the poorly 
Murated Tsndnka famntiou. 

AIIuviol deposite in the Wisl~bone Hi11 district are confined larply 
to the flood plains of M o m  and Eska Creeks. Both of t h w  streams 
have steep gradients and are subject to violent floods, so that the 
f ld -p la in  deposits consist mainly of conme gravel nnd boulders. 
Flood plains are narrow or lacking on both strenrns except near their 

C 
moutbg \\-hem Uls valleys widen to seven1 hundred feet, and in the 
vicinity of trre Premier mine, where ithe valley of M o m  Cmdt widens 
to m o r a h  1,500 feet for a short distnnm. 

AIthoqh intrnsim mks of w~eera2 type- am of widespread ocmr- 
mce farther east in the Matanuska Valley, the only igneous mId9 
known in the Wishbone Hill distlmict nre thm srnnlI basic dikes. At 
lmlity 16, on the north side of Wishbone Rill n 20-foot diabnse dike 
was traced for several hundred feet acrcm coal-bearing strata (pl 1). 
It has a strike of about N. 45' 77. and n vertical dip. The intrusion 
of t l ~ i a  dike apparently had little effect on the enclming strata, as .cod 
within a few inches of the dike walls showed verg little change in * character. A d i e  of similar cornpition, thicknes, and trend mns 
found in the bed 3 workings of the Evnn Jones mins, nbout 4,000 feet 
west of the main cmscut tunnel. Where sxnmined by the writers the 
only effect of the intrusion appears to have been n hardening and in- 

'- Y cipient mEri of the ml for a few inches from the dike walk The 
p i t i o n  and trend of this dike indicate that it is the gnme as the one nt  
lwality 16. According to mine offidalg later mine development haa 
re~eaM more dikes and a sill that has rim highly "coked5' a large bled ." 

a ;ofl coal in bed 3 that the con1 had to be diwardd. 



Ir~dEmtions of mother basic dike were found on the ridge south of c 

the mall pond east of Wishbone Lake (pL 2). Fine-grained baeic 
ipmus rock was found essentially in place in two small flus11 outmrrp 
a h t  300 feet apart, on a Iine trending N. 30" E. Float of similar rock 
was found on the mme general trend about half a mile to the south- 
west Although no contach of the igneous rock with the enclasing 

I 

conglomerate are exposed, the three points are probably on the same 
aort heastwnrd-trending diko. 

A third small basio .dik% with a strikof N. 30" W. and a steep 
northeast dip,'cuts rn~ssive sandstone of the ~ i ~ l o o n  formation on 
the west side of ICnob C r e ~ k  northeast of the Knob C m B  mine, jn the 
SEX eec. 10, T. IQ N., R. 3 E. {pl. 1). 

The structure of the Wishbone Hill district is dominated by the 
Wishbone Ell syncline, northeastwad-trending canoe-shaped fold, 
which has nn expo& l w h  af ?-miles between the Premier mipe,on 
Moose Creek and the Eska mine on Eska C r d  (pls. 1,2,7). The 
syncline is cut into segments by several major transverse faults. It is 
further modified locally by many smaller faults nnd complex ~ u b -  
sidiary folds in the relatively incompetent Chickaloon formation. 
Few of the smaller faults and none of the tight subsidiary folds extend 
into the massive conglomerate of the overlying Wishbone forma tion. 
A few mall e-res of horizontal to gently northwestward-dipping 
mnglomerate on tha north side of Wishbne b k e  indicate the presence 
of R shallow syncline Or structuml terrace on the north limb of the 
Wishbone Hill syncline (pl. 2). 

Folding and faulting in the Wishhne E l l  district appear to have 
progressed simultaneously, probably in response to tha same compma- 
sional stresses, which evidently included a large element of shearing, 
Some evidence was found to indicate that at I& part of the folding 
was later than the mnjor faulting, although offsets of the gynclinrtl 
axis at  the f aulta show that a considerable part of the folding p d e d  
the major faulting, 

I RIB structure of the Wishbone Hill district has had a strong h- 
Auence on mining operations, As the most readily avaflabls ma1 is on . 
the moderately dipping limbs of the syncline, practically all mining 
to  date has bwn done by "pitch-mining" methads, in which coal broken 
from the working faces movea by gmvitg. down sheebmetd-hthmed P 

c h u k  km the haulapwrtys. Major faults have greatly aflected the 
diredt;ion and extent of mining, as may be; wted fmm tha relation of 
gangway faces to principal faults. (See pls. 3, 4, 8.) Thw faults 
have not aIways proved Its be impassable barriers to. further mining, 



however, as shown by the fact that the Northeast fault waa success- 
fully crossed in the old Eska East workings, the Eska fault zone was 
c d  twice on the north limb in the Esks mine, and the Jonewille 
fault was crossed twiw in the Evan Jones mine. The minor faults 
and shear zones in genwaI do not prevent mining of the coal, but they 
do greatly increase the labor and cost of mining and impair tha quality 
of the praduct. 

ARBA #OR- OF WLBHBONBI HILL 

Wishbone Rill is separated from the Talkeetna Mountains to the 
north by s mile-wide open trough drained by tributaries of Eska and 
Moosre Cmks, This trough is underlain by Terkiary rocks, which are 
exposed at intervals along the main streams and some of the 
tributaries. 

m,RIC Aim Q L O n ~ P P o L ~  OEmERn 

Acmrding to Martin (18 19, p. 269-'270) the north side of the Wish- 
bone Rill syncline on Eslta Creek 
Um ornth of and mergea Into or 1~ separntea by a fault from a belt oi fntcs~m~ly 
deform4 coal measures that probably Is practically barren of workable coal and 
that extends northward into the great cone of fanltlng on the aoutbern border of 
the high mountalm. 

Along Eska Creek the p m n t  writers found ody wattemd ontcmpa, 
but them indicatd that the entirs belt from Wishbone Hill to the 
mountnin front is underlain by Chickaloon strata with a general south 
to southeast dip of 30" to 60". Along Gloryl~ole Creek outcrops are 
more abundant and show the belt to bo underlain by the Chickdoon 
with a fairly uniform  trike of N. 50°-80" E. and a, southeast dip 
generally ranging from 5O0 ta 6s0. In a 500-foot zone near the moun- 
b i n  front the rocks hsve undergone more intense deformation, as 
shown by she~red and faulted beds and ahormall y steep dips. A 
&ion of nearly vertical strata in this zone includes n 5-foot bed of 
coal, the onIy coal of workable thichess o h e d  on Gloryhole C&. 
Tha more intense deformation of this mne may have resulted from 
part of the m e  stresses that culminated in the Castle Mountain f rrult, 
whidh mosm Gloryhole Creek abut  a mile to the north. 

In the southern half of the belt exposures along GIoqhole Creek 
are scarce. Outcrops at p i n t s  about half a mile and a quarter of a 
mile abwe the creak mouth show bsds that dip 70° S. to vertical but 
are not highly &eared or faulted. Further downstream a m a l l  moth- 
westwmb-rd plunging anticline, with limbs dipping about 60°, is well 
ex@ in the c m k  bank (pL 1). 

A gexlerat ides of the strn* of the area northwest of Wishbone 
RilI is obkind from scattered expmrss along Mmm Greek and its 
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larger tributaries that drain the swth sIop of A r b  Ridge. Abwei r 
the Castle Mountain fault, the mountain side is ewntially a dip dope ; 
the arkom beds strike about N. 70* E. and dip about 2 5 O  SE. The 
Castle Mountain fault is marked by a mushed zone nbont 1,000 feet 
wid6 in which rocks of t b  Arkose Ridge nnd Cl~ickaloon formntions 
have h e n  mylonitid.  U p h w  on the north side of the fault zone 3 

is indicated by the fact that g~nnite of Jurasic age and arkose, be- 
lieved by the present writem to be hsnl Upper Cretamug are in 
juxtaposition with Chicktlmn stmta of Tertiar~r age on tlie soutli side 
of t lw fault. Elsewhere in the Matanuska VnIley there is evidence 
that tle Cnstle Mountnin fault zone d i p  northward and rep-ts 
high-angle thrusting (Martin and ICatz, 1922, pk. IS, 16). Nortll of 
Wishbone Hill the verticnl displncement along the ffault probably is 
on the order of 4,000 feet, as the entire Maranuskn formntjon Elas 
apflnmtly been uplifted and eroded from the north side of the fnult. 

Between the Castle Mountain fnult and the a%is of the Wisl~bone 
Hill syncline the structure is dominated by southerly d i p  rnnging 
from 30' to 7 5 O  (pl. 8). Superimposed on this regional dip, I~owever, 
is at least one prominent reversal, which forms the northenst\rnrd- 
trending Walker syncline and the adjoining antidine. In the bluff9 
of Motuse Creek opposite the. Buflalo mine the dips on the kutl~east 
limb of the Walker syncline are 35" to 60" NW. 

WISIXBONE E m  

- O W  afLl BlXOX.flPE 

T h e  pnarnl outbe of tlm Wishbone Hill syncline is well s l ~ m  by 
the outcrops of the coal beds along the nortli side of Nisllhne Will 
(pls. 1, 2) and by tlie pattern of gangways driven dong coal bds in 
the mines of the district (pls, 3, 4, 8). The plunge of the synclinal 
axis at opposite ends of t l ~ e  field is clearly reflected by the curving 
gangways in the E h  and Premier mines. 

Dips of the ccol beds in the eastern part of the district as revealed 
both in outcrops and in mine workings rmge for the most part from 
30" to 40°, aftllongl~ dips ns low ns 12' near the synclinal axis in the 
Bh mine and ns high as 4 5 O  on the south limb in the mmp mica, were 
recorded. A p r o p e s i ~ e  ~ t m p i n g  of the dip to the west was noted m 
on both l i m b  in the lhka mine and on tlm north limb in the Evan 
Jones mine. On the south limb in the Evan Jones mine the dip 
decrenses westward from 30° enst of tlie main m u t  E m 1  t~ 18" 
west of the tunnel. The Ratter d i p  to the west may be in part the + d t  of drag along the Jon~vi l le  fault, but probably in larger pnrt 
reflect n mark4 broadening of the syncline we& of Evan Jones 
crosscut tunnel. . 
In the weatern part of the district d i p  in the Wishbona formatim 

mge from 20a to SO0 SE. Dips in tlm underlying Chickalwn forma- 



tion are much &&per, particddrlg in the vicinity of the B a d r  md 
Mat8nda Center mines, where thew bds have ken csomplexlg folded 
and faulted, 

The plwi@ of the synclinal a#ia ahem t d  bg the E&a mine 
wmkings is abnt 12" W. FaPth6-r west no direct evi&oe of the 

I 

alh0-t df plun@ is available, but the approairnhte pdelisrn of the 
wrt,h md g ~ t h  limb$ Mween the Eska and Evan Jones C ~ U E  tun- 
nel$ indiMW that the mclinal axid in t l d  are& i$ nearly flat. Tuek 
(1937, p. 196) inferred a plunge of as much as 26" SW. in this ma, a p  
ptsrefit1;p to m m t  for the relatively lower position &€ the coal-bring 
mqueriw in thd Evan Jones mine. Further study of the structure, 
b@d bn rlew data made available by suMquent undergmnnd develop 
meht, indidtm that the low'er position of beds in the Evan Jones mine 
ia due to domthmw d6ng the Eska fault zone, hot to plunge of the 
apeliml axih FOP at least 2 miles w e t  of the Evan Jon& mine a gen- 
eral muthwestward plungs of 6" to 10' is indicated by the successively 
higher mnm bf conglomerate that swing a c m  the axis. Ia th& west- 
ern h Jf of the district little evidence is availnbls on which to judge 
the amount or dimction of plunge of the synclinal axis. At the 
P m i e r  mine, which is at the southwwtern extremity of the exposed 
part of the Wishbone Hill syncline, undergmund workings indicate a 
~ ) r h a & w & r d  plunge of & least 20°. 

The Wishbone Rill syncline ia cut intd a serie~ of d i s p l d  gegments 
and o t h e h e  defamed by several major t r m w ' ~  faults, one major 

t thFuBt fault almg Moose Creek, m d  many minor faults and shear 
U H ~ W  ( p h  1-5). Mmt of the large tranwerse faults and many of the 
mmlier ones a m  tear faults, in which a large element of the displace- 
menb is horimntztl. The amount of horizontal displacement rangas 
from a few feet in the smaller faalts to possibly as much as 2,000 feet 
in mme of the larger onm. The principaI faults in the eastam part of 
the district are ea ti ally par~Ue1, trending about N. 25" E. Thosg in 
the t&m part strike northwestward at various angles, hnding to 
converge tothesoutheast (pl.2). At allthemajor faultseast of the - Buffalo mine, the west side was d i s p l d  to the sauth, whereas at two - 
major f a d b  between the Buflalo md Premier minm the dative dim- 
tion of movement W I ~ E ~  tbe ~ V B T S B ;  that is, the northaast side moved 
southeastward. 

4 
The easternmost major fault on Eska Creek, referred to by Tuck 

+ (1937, p. 198) as the ''northeast fault", differs from those to the west 
in that it appears to be a normal f auk, without recognizable horiaontaI 
displacement, in which the muthead side was downthrown at least 
400 feet. 

3433687- 



Mimy of the m d e r  faults, exposed for the most part in nnder- 1 

grontld wo~kinga~amord clmly both in and in relative direction. 
of displacement with neighboring me jar f ttuIts. A notable exception 
to this rule is found between the Eska snd Northeast faults, where 
moat of the minor f anlts found underpnnd strike n o d  to n q h w e s t .  
(pl. 3). A few of the d n o r  faults in the district appear to be reverse 

* 

faults, and a major thrust fault is believed to account formissing strata. 
and to have c a d  the extreme m p l u a g  and complex folding in aev- . 
era1 areas along Moose Creek (pp. 35,3T, 3P-41). 

The dip of the major bnwerse  faults is g m d p  dm to vertical - 
md is ramly less than 65'; that  of the Mwse Cmk thmt fault L 
about4Ua. Thesmdler faults ra-ngeindipfFom25° tovertical, butn 
steep dips predominate. Most of the fauIts found underground am 
characterized by abrupt ch- in both strike and dip, m that p a t  
care must be used in projecting the p s i  tion of a fault into unexplored 
ground. 

In the following sections the principal fadta are dmribed in order 
from east to west. 

R'OBTHEAEV FAULT 

The Northeast fault was discovered in the old Esklt East workiigs, 
where it has brought together con1 beds that are stratjpphieally 
about 350 feet apart. Offset of the outcrop of the Eaka bed on the 
muth limb of the Wishbone Hill syncline west of Rskn Creek (pl. 3) 
indicates that the southeast side of the fault was downthrown at Peast 
400 feet and pmibly as much as 600 feet. This ag~aes with the 
findings of earlier writers (Chapin, 1920, p. 162; Tuck, 1937, p. 198) 
who, without tbe benefit of mare recent development work, concluded 
that it mas ,s normal fault in which the southeast side had ken down- 
thrown 300 to 400 feet. Although the Nortl~east fault is clmly 
parallel to  the Eska and Jonesville tear faults, no evidence is known 
to indicate that it involvcd horizontal displacement. On the co&rarg, 
the fact that the outcrop of the Eska bed was offset in opposite direc- 
tions on the two limbs of the syncline shows that movement down the 
dip of the fault must have been dominant. Old mine maps of the Eska 
East workings show this faul t  striking nbout N. M0 E., and according 
to Tuck (1937, p. 198) the dip ir~ 72" SE. The probable smthwest I 

extension of this fault is exposed in the gully just east of the p r t a l  
of the new Eska crosscut tunnel, where it cuts off the outcrop of the 
Eska bed. 

ERKA FAULT EOm * 

T h e  term uEska fault zone" has been applied to a northeastward- 
tmnding belt of highly s h e a d  and otherwim distarbed strata 
bound4 on the sonthenst 'by the Eska fault and on the northwest by 
a seoond prominent fault that is hemin referred to as the Northwest. 

m 



rt fault (pl. a). The gtrata between the two major faults, as e x p d  in 
the Egka crosscut tunnel md on the south aide of Eska Creek vd1eyR 
nm cut, by many smaller faults and shear zones and def~rmed by 
mveral irreylar minor folds. 

- 
I 

The Eska fault i s  exposed on both sides of Eska Creek north of the 
mins, and was first discovered underground in the old E&a West 
workings. It was subsequently reached in the new Eska mine w d -  
ings at the 800 level on both limbs of the syncline, at the 950 lev& 
on the south limb, and was crossed near the axis of the ~yncline by 
the new Eska crmscut tunnel to the north-limb workings (pL 8). 
All but tho  southernmost of these exposures of the fault lie in a 
$ertictll plane striking about N. 28' E. The fault faces that terminate 
the south-limb workings all strib due north, md probably represent 
a branch of the main E s k ~  fault (pls. 2, 43. At all underground 
exposures in the new Eska mine the f a d t  surface is strongly marked 
with grooves and striations. These, markings are either essentially 
horizontal or dip koward the synclinal axis at an an& mnsidembly 
lw than the dip of the bedding. The attitude af the grooves and 
markings is interpreted ns indicating that movement along tha fault 
was emtia l ly  horizontal, but that some folding omurrd after the 
displacement, causing the groovm to dip toward the synclinal axis 
The Northwest fault mas mapped at the surfam by Tnck on the south 

r_ 
&de of Eska Creek and was crossed by both levels of the north-limb 
workings af the Eska mine, where it has a strike of about N. 40" E, 
and.& vertical dip. Slickenside grooves on the sides of this fault show 
that movement along it also was largely horizontal. This fault s t ~ i h  

! southwestward almost in line with the fault that cuts off the coal beds 
on the cast side of the old south-limb workings of the Evan Sopea 
mine (pls, 3, 4). Although little is known of this now-inaccessible 
fault except that it has a northwest strike and dips 6 5 O  SE., it seems 
probable that it  is tha sorithwest extension of the Northwed fanIt, 

Although little can be learned of the relative dir~ction and amount 
of displacement along each of the two major faults that bound the 
Esb fault zone, because of the gCructnral complexity and scarcity 
af exposures of the intervening strata, it is possib10 to draw mme 

= fairly definite conclusions regarding the relative displacement of the 
blocks on opposita sides of the fault zone. I t  is readily apparent, 
fTmn the relative position of coal beds on both limbs of the syncline, 
and of the synclinal axis on opposite sides of the fault zone, tht  the 
west block has been displaced southwestward. It can also be demon- - 

-+ &rated with reasonable certainty that the west block moved down- 
wltrd with respect to the east block. Although the amount of 
displacement can be determined with much less csrtrthty than its  
dimtion, it &ems probable that the horizontal component was at 
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bast 1,000 faet and psdbly M much as 1@Q % and the vertical 
mmpatlcn'e was n t . M  600 f a  

The JonesoiUe fad& which traverses the E m  Jsna mine, was 
described by Tuck (1927, p. lISW00) as folloms : 

The Janeavllle fault Is * * well expDsed in the cmmut tunnel ot the 
*an Jones mine about 150 fmt south o f  bed 5. Bere It alps 80' S. 609E. end 
has about 3 ieet of mge and crushd rock bemeen me walla The dmg of 
the ktls indicates that ilt thin loention tbe fault 1~ normal. Old mIne m a p  
nhow that bed8 5 and B. ah d the crasReut tnnnel. and be& 8 end 4, on the 
weat, were cut ofl by the ~arne fault; all thwe worklnga, h o w e v q  axe now 
abandoned and card. 

At the surface the SonemIIle fault la e r p m  by r weltdeflned valley In 
the NG%NElh sef. 17. On aceonnt of tbe nlide rmk, f i l c h  obeaam 1111 
t?xrmures, the fault haa no inrther anrime ezp&m to Che mathffeat. Ttle 
ridge to tlre northeast, b tbe muthern part of the NEsNEjb s~c. 17, doeo 
not shorn any t o ) ~ g ~ ~ ~ p b l c  erprpsslon of the fanlt mmpt en th m t b  me,  
where the connw of a small creek may be detemlned by It. * 

90 far as can be learnel, no records bnre been kept ceg&rdEng forma.tlon8 
encountered at tbe fault In the ertrenw Wpgt end of the gangwags of Wds 
S and 4. Reports that m~mnertt te m m  Wmt of the fault mtrld m m  to 
be true, to jodge from the projmtml pwltlm of the bnse of the cnnglomemle 
at the snciace In the northern part of aec. 20. I f  thla Is tme, the aonthpa~t  
efde of the  J o n d n e  favEt must have mmed wrthmshv~~td relatlve to the 
blwk on the northwest dde, so that the horizontal component wan moch graater 
than the vertical. 

The evidence cited by Tuck together wit11 later infomation obtained 
in a branch tunnel, driven in 194.6 from the main crosscut tunnel west- 
ward along the synclinal asis through ths Jonewille fault, lenves 
little doubt thnt the displacement mns mainly harizontsl. Ennt of 
the fault the branch tunnel passed through essentially horizontal 
stmta, indicating that it m s  on or near the axis, but west of ths 
fault it e n t e d  strata dipping 30D S., showing that the axis hnd been 
offget a mnsidernble distnnce to the muth. If the movement is 
assumed to hnve been entirely horizontal, the offset of con1 berla ex- 
posed on the nofth limb indicntes thnt it amounted to a b u t  400 feet. 
The a k n c e  of bd 3 in the Evan Jones crosscut tunnel north of the 
syncline asis sllotra tllnt it llns been offset nt least 500 feet (pl. 4). 
The drag of the beds thnt Tuck interpreted as indication of normal 
faulting could hnve been produced as well by horizontal movement, 
whereby the block t l~n t  moved in the direction of dip appears to be 
uptl~~omn. No positive evidence of verticnl movement dong the 
Jonesville fault is known, and if any m c u d  it probably was slight. 
Tuck inferred that the mnglomernte block east of the donesville fault 
had hen dropped 300 feet by faulting, but the results of later field 



wort and M i  etrongly suggest that the Iowe~ position of the m 
glome~ate block to the. east i~ due to landsliding rather than faulting, 

Where it is cmssed by the branch tunnel the Joner~ville fault mu- 
gists of several faults separated by sheared and broken rock in a zone 
about 50 feat thick (pl. 5) .  The position of the fault at this point 
with respect to its intersection with the main tunnel and to the linear 
vslley marking its barn at the surface shorn t b t  it StriIrw N, 30' E. 
and dips $teeply to the southmL (See p1.4.) 

PAULW SO- AND WMmm L A S E  

A fa& with a &ke of about N. 1 5 O  E. is visible at the d a c a  nnd 
on aerial photogrnphs in the m&em part of s e a  17 snd 90, T. 19 N,, 
It. a E. (pl. 1). Its trace is marked by prominent notches in the north 
sad south rims of the conglomerate capping of Wishbone Hill, and 
by a persistent Iow westward-fwing warprnent a c m  the b a d  slope 
htween. It may slso determine the mume of a mall gully on the 
low* pert of the north slope. In the high CIS forming the south 
rim the f d t  is ,visible as a sharp fracture dipping about 5 8 O  SE., but 
no indication of the clirectjon or amount of displacement is apparent 
.in the massive oonglomerate, This fault is probably r e p m n w  by 
one of the faults thnt cut beds 6 nnd 8 in the Evan Jones mine, the 
moet prominent of which strikes N. 1 5 O  E., d i p  709 SICy wd has 
d q l a o e d  bd 6 a b u t  100 feet horizontally fo the muth on the west 
side (pl. 4). 

A prominent transverse fault, with s general trend of a b u t  N. l B O  
E., is believed ta extend all tha way across Wishbone Rill in t l ~  W% 
m. 18 and 19, T. 19 N., R 3 E. (pl. 1) .  T w o  branches of the fault 
displace coal ;beds of the Premier and Jonemille p u p s  in two small 
gullies on the north slope of the hill near locality 14, mid offsat con- 
glwnerate ledges near the crest of the main ridge; from the crest the 
slain frtult extends southwestward d a m  an open valley te the wuth 
base of the hill, where it cuts acrm ever81 hogback ridges of con- 
glomerate, appamnt] y offsetting their western segments about 100 feet 
to the southwet. 

Altl~ough the horizontal and ~ e r t i d  components of the displq- 
men t dong this fault are unknown, dominantly horizontal movement 
is indicated by the fact that beds of opposite dip ware displsced in the 
m a  direction; that is, beds on both limbs west of the fault are offset 
to the southwest. 

Another prominent transverse fault has k e n  traced, with the aid 
of serial photagraphs, from the eastern part of see. 13, T, 19 N., R. 
'2 E., where it offsets beds of the Premier and Jon&lle ooaI grotlp~, 
southwestward along the eastern margin of the Tsadaka formation 
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Ca the south b w  of Wishbone Rill in see. 25, where it hnmtes at 
rh 

.least three prominent ridges of conglomemte of the Wishbone for- 
mation. (See PI. 2.) Along this fault a h  the dominant movement 
waa horimnbl, the west side moving south. 

The Buffalo Anlt (pl. 2) strikes N. 15 O W. and m i m e s  the Wishbonm 
Hill syncline; like the transverse faults in the eastern part of the disr 
trict, the west side has moved southward. The trace of the fault, 
quite npparent on aerial photopnphs, js indicated by the alinement of 
offsets of Ilogback r i d p  and bluffs nnd by the presence and trend of 
gullies. Horizontal slickemides were found on the west wall of a 
gully on the south limb of the Wishbone Hill syncline; here the dip 
of the fault is vertical, and offsets of conglomerate units indicate that 
'the west side hns moved southward 200 to 300 fmt. 

On the north limb of the Wishbone Hill syncline the Buffalo fault is 
not exposed. It evidently lies across Moosa Creek about 3,000 feet up- 
stream from ths Buffalo mine and trends into the mouth of tc gully on 
the north side of -Moose Cheek. Drag on the east side of the fault i8 
suggested by the analogous afAitude of beds of mnglomerate of the 
Wishbone formation exposed on Buffalo Greek just upstream from 
the fault. These beds strike N. 10" E.,wllich differsabout 35" from 
ths strike of similar beds of the Wishbone formation farther upstream 
on Buff a10 Creek and on tha hogback north of the creak. 

T h e  Bmter fault (pl. 2), which gtrikea about N. 45" W., is the 
cause of a major discontinuity in gnologic units along Meow Creek 
On the muthwest side of the fault, conglomerate of t l~e  Wisllbone 
formation overIies the coal-bearing part of the Chickdoon nnd form 
a bluff on the south side of Mame Creek. This bluff of conglomemb 
is krminated at the fault; judging from the trend of the Premier 
con1 group shown in the Buflalo mine and drill holes, the beda acrrws 
the fault from the conglomerate probably s m  in the lower pnrt of the 
Chkkalmn formation, far below the Premier ml p u p .  At the ter- 

C 

mination of the bluff the conglomerate strikes about N. 50" W., at right 
angles to the prevailing strike of the congIomerate a few hundred 
feet downstream. The disparity in strike is believed to reprem~t drag 
along the Baxter fault. 

The axis of the Wishbone Hill syncline is estimated to have been - 
'dispIaced on the order of 2,000 feet boriaontally by the Baxter fault, 
the northeast side moving solrtheastward. This digplacement is o p  
pmite to that along the B u ~ a l a  fault and other major transverse f a d h  
farther east, 



The major trrms~eme fault at the Prmier mine is almost vertical 
and strikes N. 70" W. At the aurf'nce the fault ia marked by s g o u p  
zone 9 feet wide on the southeast bnnk of Moose Greek and by the 

s termination ta the northeast of the bluff of conglomerate of the Wish- 
bone formation across M o m  Creek from the portal of the Premier 
mine. The Premier fault cuts off the Premier coal group at the north- 
eastern end of the Premier mine workings, The dmng of bed 3 on both 
limbs of the syncline (pl. 8) indicates that the Premier con1 group on 
the nortl~east side of tlie fault haa been displaced horizontally to the 
southmt. Thus the displacement is similnr in direction to that of the 
Baxbr fault and opposite to that of the Buffalo and other transwm 
faults i;o the east, 

A horizontal dip along the Premier fault of a t  least 250 k t  is 
indicated by R tunnel, driven southenstward along the f a d t  from bed 
3, that failed to intersect the Premier coal p u p  on the northenst 
side of the fault. Even greater displacement is indicated by the dif- 
femnce in age and skmcturnI complexity of the beds on either side of 
the Premier fault. T h e  strnta on the upstwarn side are considernblp 
lower in the Chickaloon formation and have been folded into a mries 
of tight ~nticlines and synclines (PI, 8). The stratigraphic and struc- 
tural discordance indicates a displacement of more t21m 1,000 feet, 

4 md presumably the doninant component of the movement wlts 
borizontd. 

MOOSE THBUBT WAULT 

t The southward-dipping fault designated the Moose Greok fault 
(pL 8) by the present writers was recognized by Martin and Hats 
(1912), as indicated by their cross section E-E', plate 15, and by the 
following quotation from their description of the Wishbane Hill 
syncline (p.5'5) : 
The west end fa 1lkew;ae Sy-Dcli~l,  but the noFth?rn l h b  of the ssnclille baa 
been cat by a fault in the wwt end of the h U  and in the vaIIeg of Moose 
creek * + *. 
Their section E-E' presumably the northern limb of the Wish- 

* bone Hill syncline at about the position of the Ramon mink It 
shows a sharp anticline in the Chichlootl formation in fadt contact 
with mntheastward-di pping conglomerate of the Wishbone format ion 
The fnult probably is not as steep as shown by Martin and Ratz. 
Above the mine the main faalt is covered by talus, but minor faults 

% in tha Wishbone farmntion, probably parallel and subsidiary to the 
main fault, dip 40°450 SE. 
The Moo58 Creek thmt f aal t is believed to extend from the vicinity 

uf the Premier mine northeastward along the southeast side of M o m  
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&I& to the Bartter fault, and from the Buffdo fault to  and beyond 
the t m r m  fault east of the Matanuska Center mine. The Moo98 ?' 

Creek fault apparently leaves the north glop  of Wishbone Rill in 
the npstheastern part of sx 13 and heads into toe swampy area to 
the north, as the ChichIoon strata farther east have not been dis- 
turbed from their normal relationship to the overlying Wishbone 2 

formation. The stmctuml complexity along Mmm C m k  is believed 
to be related genetically to the tlrrust fault. Just what I~appened to 
the Moose Creek fault between the BMer and Buffalo faults is not 
dear. No trace of it is apparent in the Bnflalo mine working or in 
s line of diamond-drill holes that extends about 1,500 feet southeast 
of a line connecting the segments of the fault on either side. Two 
possibilities exist: the block bounded by the Baxter and Buffala 
faults hm been offset horizontally more than 2,500 feet to the south- 
east, moving the thrust fnult beyond the mnge of the drill holes, or 
the thrust fadt was not developed in the Buff do block, the hori- 
zontal displacement tha t  it represents being taken up by lateral 
mmement along the Buffalo and Baxter faults. Amrding to the 
Erst interpretation, the thrust fault is older than, and consequently 
displaced by the transverse h r  faults; according to the =rid, the 
thsnst and bar faults would have been developed almost simuItw 
neously. In the light of p m t  evidence the writers favor the second 
interpdtion. 

The dip of the Moose Creek fault, averaging abuk 40° SE., is 
less than the prevniling dip of the strata, so that part of the ~trati- 
graphic section has been eliminated. At several places, dewribed 
on the following pqw, ml beds that normally owpr 300 to 400 feet 
below tb Wishbone formation are faulted against it in complex folds, 

Along moat of i ts  extent the fault constiturn the contact between 
ridge-forming conglomerata of the Wishbone formation tlmt d i p  
80"-60° SE. and strata of the Chickaloon formatian that have been 
compressed into tight mid locally overturned folds. The fault thw 
repments a boundary of structural dimrdance between mistant 
Wishbone and mIatively incompetent Chickaloon stratn. The part 
of the fault that a a p p r s  to have the greatest dieplacement borders 
an area of exceptionally tight folding and mrnp1e.x fwlt ing  in ths 
ChickaIoon f ormatian, which suggests that the f ~ l d i n g  and thrusting # 

were nt least in part concomitant. 
The Moose Creek fadt was found in the Ba*r mine, where 

marh the eastem limit of the workings (pl. 8). Aqrding to mine 
m r & ,  the f a ~ l t  dips 42" SE. and brings conglomerate of the Wish- 
bone formation in the h w n g  wall opposite beds of the Premier coal 
group in the footffdl. About 1,MO feet upstream frpm the Baxter 
mine the fault, dipping 40" SE., is exposed in the bluff. Here, M in 
the Baxter ming coal b d ~  of the Premier coal. p u p  lare faulted 



q p b M  tbngloaiemta of the Wishbne formation (pl. 9, d m  C-C") . 
Although d i d  evidence of the continuity of the M m e  fgd* 

throughout its inferred length is lacking because it is mostly cwcealed 
by slide rock from the overlying cong1omerat.e cliffs, the nssumption 
of continuity, at least within the segments sep~mted by the Buffdo 
block, offers the most reasonable explanation of various stratigraphic 
and structnral anomalies. 

In the western part of the district, information on the structure of 
the Chickaloon formation is limited to outcrops, mine workings, and 
drill holes along Moose Creak. There the Chickaloon has been corn- 
pressed into a series of folds, in which the horizontal distances from 
omst to trough average 800 to 400 feet. The southat limbs of the 
antidines are steeper than the northmest limbs and in places the beds 
hsve been overturned Thus the folds are asymmetric, with the axial 
planes dipping northwestward. Most of them h m  a steep north- 
wtward plunge. 

Faults having displacements ranging from a few inches to a hundred 
feet or more cut the Chicknloon formation wd are numerous and 
closely spaced in the tightly folded areas, especially at the axes of 
folds. They am of thrm types : norma9 faults of diverse attitudad ; 
both high- and lorn-angle thrust faults, which are approximately 
parallel to the shike of the beds and generally dip mutheastward; 
and steeply dipping horizontal-slip faults that cut abliquely ttcms 
tha and in part paralleI the major transversa or tear faults. 
T h e  stroctt~m of the Chickrtloon formntion along Mmse Creek can 

best be described by subdividing this pnrt of the district into grew 
gaparatad by the major transverse f rtrrlts. 

The Rawmn mine lies near the center of a structnrsllg: complex belt 
that extends from the ;U; S. Bumnu of Mines trenches east of the 
Matanuska Center mina southwestward to the Buffalo fault (pl. 8). 
The major &ructuml f e a t n r ~  of this area are the Rawson mtidhe, 
the Mattlnuska Center syncline, md the Moose Creek thrust fault. 
Although abandoned, the Rawson mina and the mall workings 300 
feet to the southwest were acc.~ssiible and were studid and mapped 
by the wribrs. The workings of the Wishbone Hill mine on the 
Rawson anticline were i n a d b l e ,  as were those of the Matanuska 
CRntar mine. Maps of thew two mines and a log of coal beds in the 
Matanuska Cenbr mine by J. J. Corey, former mining supervisor, 
were svailabIe to the writers. Chickaloon strata studied in t h s  mines, 
in surface exposures, and in cores from diamond-drill holes em badly 
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broken by many fauIts, only a few of which could be ~ h o m  on:the .*. 
mnp. 
In the Rawson and Wishbone Hill mines coal beds of the Premier 

ml p u p  were worked on both limbs of the Rnwsbn anticline, whose 
axis strikes approximately N. 80° E. and plunges 80" E. &ved 

1 

faults cut the anticline; one nearly pnrnllel to the axis brings bed 1 
in the north limb workings of the TVishbone Hill  mine almost into 
contact with the m e  bed on the south limb. 

Records of the attitude of the beds in the Mstanuska Center mine 
sra lacking, md the only evidence of the structure is the trend of gang- 
ways and airways shown on the mine mrrp. Outcrops and workings 
at the Wishbone Rill mine, a few hundred feet to the southwest, show 
northerly dips away from the axis of the Rawmn anticline; beds ex- 
posed in outcrops land trenches northeast of the %tanwka Cenhr 
mine and in part directly over the rock tunnel at the nsrtheast end 
of the workings show steep dips to ths mutheaat or, where overturned, 
to the northwest. Thasa dips suggest that a synclinal axis passes 
through the Matanuska Center mine. This inference is gupported by 
the two airways shown on the map (pl. 81, which, being driven for 
most of their length on coal nnd rising to the northwest and southeast, 
respectively, indicate that a narthaastwnrd-trending sgnclinnl axis 
passes between them. The axial plane probabIy intersects the cross 
cut tunnel immediately south of the gangway, as Corey's log of the 
beds in the crosscut tunnel snggsts repetition mutheast of this point, 
Thia synclinnl structure. is here termed the Matanusk~ Center syncline, 

The U. S. Bureau of Mines has done considerable trenching in three 
gvlIies on the slope northeast of the Matanuska Center mine (pl. 8). 
Although the coal b& exposed have been highly crushed, crumpled, 
and faulted, the gtrikes are fairly mnsistent in all the trenches. In 
the lower parts of the gullies the dips are 30°45" SE., but in the upper 
parts ths dips veer from steep southeast through vertical to steep 
northwest (overturned beds). 

The stmcture of the Chickalooe formation in the a m  between the 
Rawson mine and the Buffalo fault is problematical. In this a m  a 
large bedrock terrace, capped by glacial deposits, lies &tween Moose 
Creek and the conglomerate hogback to the southeast. The only di- 
rect evidence of the attitude of the b d s  was obtained from diamond- 
drill holes 10 and 11 and a buIldozer trench north of these holes (PI. 8)- 
In M h  drill holes and the trench the beds strike northeastward and 
are vertical. If the beds of the Premier coal group exposad under- - 
ground at loealitg 6 are assumed to extend southwestward on the a m 8  - 

- 
strike they would pass below the bottom of drill hole 10. The thick- 
n a  of beds penetrated by the drill, corrected for dip, ia abut  600 feet, 
Elsewhem in the district the Premier coal group is known to lie only 
a b u t  200 deet below the base of the Wishbone formation; therefore 



.* *kvatt i n k d  indicated by the drill hole is at least 400 feet too 

mt. me rrmst ~ n a b l e  explanation is that the Chicknloon strata 
wwdd by d d l  hole 10 are duplicated by isaclinal folding. Thin 
interpretation is supported by the log of the drill hole, which shows a 
=petition, in reverse order, of a sequenca including a single coal bed, 

C 
ar claystone and siltstone member, a p u p  of coal beds, a silt~hne 
member, and a sandstone memkr (pl. 9, section H - R ' ) .  Further- 
more, such tight folding i s  in hnrmany with conditions found at the 
nearby R a m n  and Matanu~ka Center minw. 

The p u p  of eoal beds thut nppears to be repeated in drill hole 10 
is believed to  be the Eska coal p u p ,  with which it n g n w  in thichess 
and sequence. In the lower part of the hole, part of the group prob 
ablykasbeencutoutby faulting~assuggestdby dmtteredeore. Ac- 
cepting the above correlntion, the single coal bed found near the top 
and also near the bottom of the hole probably is the Midmay bed, the 
only sizable ma1 bed known to occur apart from the coal groups. Such 
mmlntion would in turn menn that the isoclinal fold crossed by drill 
hole 10 ia an anticline, separatd from the Rawson anticline ta the 
northwest by a corresponding syncline (pl. 9, section H-LT'). This 
mticline probably plunges nartl~eastward, like the Rawson anticline, 
and the Premier coal group presumably has been removed by erosion 
between a point a b u t  opposite drill hole 10 and the Buffalo f a d t  to the 

a 
southmest (pl. 8). 

The.&mctural effects of the llm Creek fault am apparent in tbe 
e n i  ty of the Rawson mine, ml~ere southeastwarddipping mnglom- 
emts of the Wishbona formntion has been thrust aver tightly folded 

z Chickaloon strata, with elimination of about 700 feet of strata. Beds 
of the Premier coal group, normally nbout 200 feet stratipphieally 
below the base of the Wishbone formation, am present on the south- 
enst limb of the Rawson antidine only 300 feet below a distinctive bed 
of resistant conglomerate that farther east, away from the fault, lies 
a b u t  800 feet above the base of the Wishbone formation (pl, 9, aec- 
tions 1-I', L-L') . 

Similar elimination of strata is indiceted to the sontbwest at drill 
holes 10 and 11, where nearly vertical Chickdoon drat& lie jn the foot- 

= wall of the M m  Creek fault and conglomerate of the Wishbone for- 
mation lies in the hanging wall (pl. 9, section a-F). Here also 
mveral hundred feet of Chickaloon and Wishbone E3trata have been 
eliminated by the fault. Drill hole 11, directed southeastward at a 

- dip of Go, was in the ChicknIoon formation to a depth of a b u t  06 feet 
k and then entered a zone of gouge that extended to a depth of 140 feet. 

From that depth to the bottom of the hole, beds of conglomerate and 
m h - g r a y  sandstune and siltstone, characteristic of the Wisllbona 
formation, mere found. 'She p u g  zone represente either the Moose 
Creek fault or a subsidiaq pnrsllel fault 
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The Ba&k mw iebgded. on the nofie& by the BasfPdo h& 
and mi the sou&& by $ha Ba-xter faak Available infa- 
hdicatw that the 8tFtkctwe of thia  am^ is. mwh simpler,, and (36- 

quently much mow famable for mi&g operat+ than the djein- a 

ing Baxhr and Rawmn MYW. As Chickttloon strata; crop wt ah mly 
two pints in the wea, rnost of the structurd i n f o m ~ o n  hae besA ob- 
tained from mine workin@ and drill holm. B d s  e x p a d  mrthwe 
of MOOM C d  oppite  the Buffalo mine dip 350-60° NW.; those 
exposed in the s o u t h &  k l c  of the creek below the mim dip 85e4%0 
SE. (pl. &). If t h m  d i p  a m  representative a ~ r t h s t w a d t ~ ~ n d -  
ing anticline must undadie M m e  Creek vdky opposi4a the mim 
%utheastwmd dips ranging from 42' to 72" were rnam~ed k the 
mine wo~kings and h fe~red  in several heles. The p&thn: of 
ma1 beds in drill hole I, BGUL~M& of th mine worIzingsp i R d j W ~  tk& 
the strib swings gmduaH y td the norkh in thak djP~ction, hoke 
9, MG1, M G 2 ,  mid M W  wme put down to t& the wt4 M e  do- 
dip from* the BufPalo mino workings, and &m inte~p~eted se &&* 
that the m-erly dip continues beyond. drril4 ble MC-8. This 
interpretation isbased OB the comelation of t b w r  d lower gmap 
of -1 bds in &ill holes M e 3  and M G Z  as t h  Jon86vilh d 
Pwmier mal p u p s ,  respectively ( pl. 9, swtion F-F' ) . 

Thm~ Q-pes of -fawb of small d i q l m n t  hme bem -@zed 
in the Bmflah mine; A n o m l  fault, &striking M. 44O-50" E, d 
dipping 42"-60" Nm. was hamd through part of then&& work- 
ings above the 800 be1 ; the norkhw& side is downthmwn only n few 
feat. A tktmst fauk, &king about ptaraIIel to the beds and ranging 
in dip from a %IV d e p w  to 48" SB., cuts out the lower part of- B&do 
bed 2 for some dimhno8 along the northeast gangway at t l ~  800 b&, 
It a h  hebs displad the beds only n few feat. A horhntaEslip 
striking N. 40° E. and dipping 65 O NW., offwts bed 2 at the 1,000 level, 
where the northwest side was displaced southwwtward &bout 30 fmt, 
Evidence of faults was found in s e v d  of the dliamond-dFill h o b  in 
the &ma, A thkk shattered zone blow the Premier coal group in drill 
hole 3 probably repmnts a fault that cut out bed I. In drill hole 5 5: 
below the Eska, coal p u g ,  s h e t t e d  zones snd diahmbed strat3wtion 
indicate the presence of many f adts. 
, The Moms C& thrust fault probably does noE &and &GFO&S * 
BuB& area, unless it has been offset to the southenst beyond driM - - 
hole MCr.3 by the Buffalo and Bmtsr txanavem faults, which doest & 

4 

not seem likely. 
m a  

The structure of the Baxter area, which lies along the southeast aide 
of Moose Creek between the B-r and Premier faults, is very s i m i i  



.* b m-of the b - n  area, being characbrked by e swim of rather 
Wt n o d e d w d - p l u g @  fd&= Most of the folds have been weU 
e x p o d  in oukrops, mine workmgs, find drill bole, The principal 
structural features of the area are the Moose; Creek t h s t  fault, the 
Eater syncline, and the Burning Bad enticline. Two other synclines 

r. - md ap anticlh are inferred to lie north of and parpUel to the Burning 
W anticline. The general trend of the fold axes is N. 60" B. The 
dips .on ,the limbs are predominantly steep, ranging .&om 90' h 
~qii-1, with 1-1 overturning to the sonhast. 

'Ebs Baxter mine, which was opened on beds of tdse Premisr coal 
p u p y  ww inaccessibIe at the time of this surrey.) but reportsaf earlier 
&esigatm were available. The port& of both main tunnd and 
airway *are on the northw& limb of tho porlheBstmd-plunging 
L i n g  Bed antidine, but the main workings, on the eo-cslled "Big 
bed", prg on thepmthst limb. Mining extended southward to the 
mig of the Baxter p c l h e ,  where the coal was ,mt pff by a fault, 
Conditions in the B a e r  mine were described by Chapin (1920, p. 166) 
as foIlows : 
* P *  ebeWIscoqslderably brdrenand bmrmtoffm#mth~nortB&an& 
~ ~ p f h w &  b~ taalts. bgyQna wblcb it hns not been explored. The most pmmC 
p , e n t a U  84 wqmed at the soothwest end of the drut from the lower level. At 
this place It m e a  N. 40' E. and dips 42' BE, and has faulted black slate against 
masmive conglomerate. 

R Qttpin concluded that the prominent fault that cut 9ff the coal was a 
no& fault that had dropped overlying conglomerate to mine level. 

*tars beLieye a more plausible interpretation is that it is n thrust 
r, fault, probably the M m e  Creek fault, which has thrust conglomerate 

of  tha Wishbone formation northweshard o ~ e r  the tightly folded 
@atapf the Chickaloon formation. 
The Burning Bed anticline is well exposed at JocaTiQ 8, in the 

bluff southeast of Moose Creek, both in outcrops and in an old tPnne1 
that cuts beds of the Eska coal p u p  on both limbs (gl. 8). At this 
p i n t  the anticline plunges a b u t  30" KE. and tbe axial plane dips 
northwestward; the southeast limb i9 very &eep find ia locally 
overturned. 

Diarnond-drill hole 'I was inclined Go to the southeast with the 
+ -tation of inbmwting at depth the cod beds exposed nenr the 

crest of ths mticline. Not only did the hole f at1 to intersect the wd, 
but it revealed that stratification at depth is nearly parallel to the 
hole, which was taken to indicats a southeastward dip and the presence - 

b of a qnclinal tuds bekween the Bnrning Bed anticline and the collar 
of the drill hole (pl. 9, section B-B'). Changes in strike of beds 
w s e d  in the creek Muff agree with this interpretation. 

Faults are abnndant and closely spaced in the Barter area, especially 
near the axes of folds. Thrust faults are the common& type and 
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h d  to parallel the strike of the beds, causing both elimination and 
m'p'etition of strata. h the tunnel that cccisses the Burning Bd 
anticline complex faulting was evident at the axis. 

PBEMIEE ASah 

The dominant structural feature of the Premier area is a n o r t h 6  
ward-plunging segment of what is believed to be the Wjshbone Ell 
ayndine. Tl~e segment and tlm Premier mine workings are bounded 
on the.northaast by the transverse Pmrnier fault, so that the mine 
gangways are U-shaped in plan (pl, 8). The synclinal axis strikes 
N. 50' E. and plunges about ZSO NE. The  syncline itself is asym- 
metrical, with the northwest limb dipping aa much as 70" SE. md the 
mtheast limb averaging about 45" NW. At the time of this investi- 
gation only the mnin crosscut tunnel and the upper part of the slope 
workinga on the northwest limb were accessible, the lower workings, 
including all on the southeast limb, having been accidentally flooded 
in 1933. 

The Cl~ickalmn formation in the Premier area is cut by many hdta 
SevemI were seen by the writem in the mine workings on the northwest 
limb, nnd mine maps ghow four radiating faults near the synclinal 
axis, Another fault of considerable displacement dips 70" NW., on 
the muthead limb. On thn east side of Moose C m k  between lwlitiss 
1 and 2 a normal fault, with the west side downthrown, has displaced 
tha base of tho Wishbone formntion (pl. 83. In the small mine in the 
Jonesville coal group just south of driIl hole 6 what is probably the 
same fault marks the ertstern limit of the coal. Drill hole 6 probably 
p d  through several faults, judging fmm the abundanca of gouge 
md shattered rock in the cores. 

Attempts to prepare a structum seetion of the Premier a m  mveaIed 
l&wo anomalies. The ht is theahnee of the Premiercmlgrbup in 
drill hole 6, nlthough the hole was continued far below the maximum 
depth to which the beda could be projected from the southe&-limb 
mine workings, The second is the excessive internal between the 
Jonesville and Premier ma1 groups an the northwest limb of the 
syncline, which is about thm times the intarval betmeen the bed 3 
gangway on tlm southeast I imb and the probable position on .the %me a 

limb of the JonmiUa p u p  projechd across the i n f e d  sgnclinal 
axis from exposures in the Muff near drill hole 6. (See pl. 9, section 
A-A*.) 

The ahnca of the Premier md p u p  in drill ihoIe 6 prabably can - 
be best explained by faulting, for which them was abundmt evidence C 

in the core. The reason for the excessive interval between the two + 

.cud p u p s  on the northwest limb is 1- rappsrent Duplication of 
beds by undehdd folds or faults womld seem to b ruled ,out by the 
fact that no evidence of stmctures of su0icient magnitude appears 



'h nmby mine workings. However, in view of the absence of my 
other explanation, the possibility is sug- that one or mom hinge 
.faults, which die out southwestward before reaching the mine. work- 
ings, p a s  between the known positions of the JonesviIIe and Premier 
b& on the northwest limb and involved enough downthrow on the 
northwesf to produco the necessary thickening of the section. 
' 

The p u p  of coal beds penetrated near the bottom of drill hole 6 
is believed to be the Burning Bed coal goup ,  which in the Bax* 
and Buffalo rsms lies 350 to 400 feet stratigraphically below the 
Premier coal group. 

T B A D A U  CANPOW 

Two bedrock formations are exposed in the walls of Tsadaka Canyon 
(pl. 2). The Tsadaka fomation is preeent in the northern half of 
the canyon and rests with mmtbrked mgular mconformity on the Cllicka- 
loon formation, w lkh  -pies the southern half of the canyon and 
sdjoining bluffs along the &tmuska River. The unconfomity b 
tween thm two formations i s  well exposed in the middle part of the 
canyon, in the SE%SWl/a sec. 34, T. 19 N., R. 2 E. TEre two forma- 
tion~ differ mwkedly in degree of folding, but a prominent set of 
faults was found in both. These faults, found at various points 
thoughout the canyon, vary in h i k e  from N. 10" E. to N. 1 5 O  W. and 
are approximately vertical ; horizontal slickenside grooves were seen 
on several fault faces, bnut at two points the grooves plunged 45" S. 
and at mother point, 70" S. Other faults were found that cut only 
the Chickdoon formation; they strike approximately east and are 
either vertical or dip steeply southward. 

Dips in the Tsadaka formation r a n g  from 4 O  ta l2". A dip of 
42' S. was measured in s h a h  of uncertain age e x p a d  on the west 
side of Moose Creek at the entrance to the canyon below Premier. 
Them strata may b in the Chickaloon formation, in which case the 
Tsdaka-Chickafoon contact, and mnsequentl y the fault that was 
inferred as forming the contact at this ImaIity, should be moved muth 
of the 42' dip symbol on the geologic maps (pls. 2, 8). If, on the 
other hand, the strata are Tsadaka, their abnormally steep dip may 
represent drag along the inferred fault. Farther south the Tsadaka 
formation is folded into rr broad, gentle southwestward plunging 
,syncline, here termed the T s d a h  syncline ( pl. 2) , The underlying 
Chickaloun formation is mmh more strongly folded, with dips as high 
.as 55" and averaging 30°350 ; nevertheless its structure appears lo be 
simpler than that of the Baxter md Rawson areas. The limited 
extent of the several small mines opened in the lower part of the canyon 
seems to reflect more the poor quality of the coal than t h e  structural 
complexity that hindered development of m i n ~  farther upst-. 

TWO mttjor fold wes, both striking about N. 75" E. approximm~tely 
pamlleI to the Wjshbone I-Iill syncline, are present in the Chickaloon 
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Tuxedni, and Talkeetna formations of Jurasaic a g e  being Y. 

ahent. The absence of pra-Naknek m k a  may be nccounted 
for by the lower Upper Jurnssie unconformiQ mentioned 
above, or the entire hiatw may represent the Early Cretaceous 
unconfomity. 

(9) Deposition of the Upper Cretaceous ( P) Arkma Ridge forma- I - 
tion, the p i t i c  source of which was to the north in the hsart 
of the Talkeetna Mountains area. This formation, of' non- 
marine proximal facies nt its type locality on Arkose Ridge, 
probably was deposit4 within the area of the Matnnuska 
Valley, where it mny now underlie the Matanuska formation. 
As mentioned in the description of the Arkm Ridge forma- 
tion, a clstic unit exposed at the base of the Matanuska 
formation in the upper ~Matanuska Valley ia believed tu be 
equivalent ta the Arkose Ridge formation. 

(10) Deposition of the marine Matnnuska fomntion of Upper Cm- 
tamus age, which is s h u t  4,000 feet thick. Matanuska d- 
ments were derived from the Talkeetna Mountains area and 
probably were laid down in the southern part of this area as 
well as throughout the Matanuska Valley. 

(11) Regional amergence and withdrawal of the ma, with the pm- 
sibility of some folding ~t the close of Cretaceous tima Sedi- 
ments of the uppermost part of the Cretaceous system have 
not been recognized anywhere in Alaska 

(E) Deposition af the nonmarine Chickaloon formation of Palm 
mne(?) aga, about 4,000 feet thiclr in the district. It was laid 
down on the Matanuskn formation, which may hava undergone 
someminor folding and beveling by erosion. Chickalmn depo- 
sition mag hava h e n  p a t e &  in tlre present lowland areas but 
probably extended a fern miles north into the area of the 
present Tnlkeetna Mount~ins. The source of Chickaloon 
sediments is believed to have been farther to the north The 
climate was of a humid temperate type. Much of southern 
Alaska was a low Auvinl plain with coal-forming marshes 
Handing but slightly nbove sea level. 

(13) Dewsit ion of the Wishbone f orm~tion of Paleocene{ 1 )  age 
conf omably on t ha Chickdoon formation. The rather sudden 
coarsening rspresentd by ths wishbone d e c k  the beginhing 
of emergence of the Chngach Mountains area. The fine- 
p i n e d  ifleeus detritus that comprises half or more of the 
conglomerate probably was derivd mostly from a belt of 
Trtlkeetna fom~t ion  m d  intrusive rocks that was elevated 
along the south side of the Matanwka Valley. 

(14) Strong folding and faulting in the Matanuskn Valley at &e 



dose of 'PaI-C f )  time (Laramide) and intense deform* 
tion in the Chngach area. Most of the p m n t  structurs of 
the Wisbbcmne, L'hichloon, and Cretaceous formations origi- 
nated at this time, nnd the deformed strata, including the rmka 
in the Wiahbone Hill syncline, were beveled by erosion. The 
Chickalloon and Matanusks formations were eroded from the 
rising Talkeetna Mountains ares, where a b m d  erosion surface 
was developed that is repmsented today by flat-topped ridge 
crests on the west side of the Talkeetna Mountains and by the 
generally accordant summits, 

(16) Emergence of the Talkeetna area in Eocene time, the southern 
margin of the rising a m  being defined by movement along 
the Castle Mountain thrust f a d L  The Mntanuska Valley 
originated st this time es n structural trench between the rising 
Talkeetna and Chugah areas, Concurrently with this eleva- 
tion, allllvinl fans of coarse granitic debris were built out 
southward into the valley to form the warn conglomerate of 
the Tsadaka formation. T h e  conglomerate nnd interbedded 
arkosic sandstone and siltstone were deposited on the folded 
and eroded Chickafoon and Vishbone formationa The Tsa- 
daka formation probably is equivalent to the extensive con- 
glonmmk- and mndston~ unit north of Boulder and Chitna 
Creeks in the upper Mntanuska Valley, which rests on several 
different formstions including the Lower J u r ~ s i c  (Cnpps, 
1927, p. 4 H 6 ) .  It may also be equivalent to the coal-bearing 
formations in the Little Susitnrr and Homer districts. 

. (16) Further rim of the Talkeetna and Chugach areas in Iahr 
(post-Tmdaks) Tertiary time and change from a ternparate 
to  a relatively cold climate. Further deformation is indicated 
by gentle folding of the Tadaka formatian and by faulting, 
Faults observed in this formation in Tsadaka Cnnyon are 
transverse to the fold axes, as ere transpew faults that cut 
the Chickaloon and Wishbone formations in Wishbone HiU. 
Thus it seems that at least part of the movement a 3 0 q  the 
tranmerse faults is relatively late and postdates the folding 

(17) Erosional beveling of the folded Tsadaka and older forma- 
tions. 

(18) Extrusion in late Tertiary time of basaltic lavas, which are the 
youngest Tertiary rocks of the region. At the same time dikes 
and sills were intruded into Tertiary m d  older sedimentary 
formations. Three basaltic dikes are known in the Wishbone 
Hill district, but whether or not flows m m d  in this district 
is conjmtural. Basaltic lavas and tuffs are widely distributd 
throughout the eastern p& of the Talkeetna Mountains and 
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am £4 in isolated am&@ in the upper pwt of the Matanuska ,= 
V&ey. "rhe aeam~t mummee ia ~ r l .  nf M e  ,Mountain, 
whera lava b w a  unconfonn~~bl y ovwlie cpnglgn& believed 
t . ~  be equivalent to the tVi&hne formation. 

(19) Corttinuled erosion, with rernovitl of the levw from mtmt of the 
Uatsnuske Valley. Devebpent of the &em &wms, in- 

- 
* 

eluding Muose, F?.ka, and GraniteGreek. 
(m) Eztensive glaciation, which at its e y u n  B W  the lower 

M a h w k a  Valley with ice to a depth of miore Wan 8400 feet, 
and on -ion left all but tlae stespest 81- cowred with 
morainic depoaib ranging from e, few fwt to B few huadced 
feet in t hkhes  During or &ozrtIy f i r  the la& &ages of 
gleoi&ion ~~ gavels ware deposlited dong $be major 
stnertmq and mveraE landalih rxxurred on Wishbone HilI, 
prabnMy m dopes that bad 4wm overdeepenad by glacid 
sapping. 

(91) Pastg1acid &on, with mwtabIishrnent of drain*, includ- 
ing the cutting of T ~ & B  h y o n  by M~MXB h k .  

Th ma1 b& of the Wishbone Hjll district occur in four p a p s  
of three or mom 'beds, in addition to which them ie one excaptionally 
persistent bed that is not part of a p u p .  Theee ma1 units are sep- 
mttd by dativeIy thick seGtiona of b t a  containing only a few 
cual beds that are either too thin or h a  l a 1  in e&nt to he of a l u a  
The followingaames have been applid to the -1 mib, in order from 
old& to young& : Bnming Bed d group, G k a  colt1 p u p ,  M i d w y  
coal id, Pmmier coal group, aad Joneaville coal group. In addition, 
lmal group and hd names or nmbm ham been & at +h thevarious 
mines in &ha district. This intrestjgabtion establishad for the first time 
th.e faat thet the -1 beds &st ~ R C I  been mined for many yearn at 
ap@ta en& af -f d h k t  am in the game -1 p p u .  

Southwest of the Bastor mine on Mwse h k  a prominent cliff 
aflords gxc&ent exposum of the Chiekaloon formation. At a pint  
in the diE opposite drill hole 7 the Burning Bed cad p u p ,  the lowest 
coal unit in the Wishbane E l l  district, is mmpletely exposed on both 
limbs of the Burning Bed antiche. Both the anticline and the coal 
p u p  take their name from a coal bed that has bean burning in the 
fma of the cliff for many years. The ma1 p u p  consisfa of smeral 
relatively thin beds of coal scatbred through a coaly mtion abut  125 



-0 &Mi &id& Cod h e  h n  m h d  a& thtmis: l d i t y  in 4 po'mkinga 
sM*&plafte'8. 
TW maly &OR @n&r& near the b t b m  of drill hole 6 in. the 

&m& b believed to b q n i v a w t  ta the Burning Bed -1 
- h  jpnp. Ia the Bnff &lo w dpill hbles I, 2, and 6 pam h n g h  this 
t -1 @UP,. dW& is a h &  'IO f@& thick &t this place, o~ntains four 

k& of &horn thm 8 f d b h i a k ,  add li& about 900 feeb str~tigraph- 
iMIy b l b d  tbe' b&& of th@ Eska cba1 groap ( pl. 5). Bed 1 near the 
peM4 d th& M&tahu&a Center mine probablj is pa& of the Burning 
Bed p u p .  

fhe m&&n p& of tlie district a cad p u p  prob~bly not more 
&a 83 f& W m p i e s  s &mti@phic podtion Siredk~ to that of 
tb Burning B d  group and i - ~  correlabd with itc me group is ex- 
pd in.* E & b  oro'S$eut MnMI neaf the portal arid was &d along 
the a h  slope: of Wishbone HiZl w f a  & Zoeali$y 20 (pl. 6 ) .  
HMB of the ma1 kid8 of thd group rn mia&b I&& p m t  
&&io- 

SeKA &A= aROVP 

%e B k a  -1 group, 80 to 76 feet thick, includes &e Eska, S h ,  
and Martin beds, which have been mined on both sides of Eska  reek 
in the old Eska mine workings and on fie west side of fie creek in 
the more mmt workings Cp1s. 5, id ) .  Tkis group was traced westr 

P ward along the north slope of Wihbone El1 to locality IS. In the 
Eska mEne m a  the top of the p u p  is 270 feet below fie base of the 
YPWm d group. mis intern1 decmWs westwa~d to 150 feet at 

f: 3dcality 18. In the Evan d o n e ~ . c m u t  tunnel the Eska coal p u p  
inclad* bed 10 wtid adjacent udnurtlberad beds. In dutcM>ps on the 
abth slope of Wishbone Hill west of the Evan h e s  crosscut tunnel, 
the p p  w i s h  only of s cmbonaceons zone including several ood 
layers t40 thin to lw of economic importance. The p u p  was found 
in drill holw west of Jenawilb on the south limb md new the axis 
6f the Wishbone Hill qnclina 

&I the western part of the dicrtrict the Eska mhl group is q s & I  
hi mverd outmcips along M m  W k ,  was found irf dm holm 1, 

*. 
2, &id 4 in the Buffalo mine sraa, probably in drill hole 10, and fa 
q m d  in the c-nt twin91 of the Matannsks Center mine and the 
p w h r - h o w  tunnel at the Buffalo mine (pl. 8). In the Moaw Gmk 
arm the @oup is 45 to 60 feet thick, lies about 175 feet below the b m  
of the Premier c o d  p u p ,  and includes thm or more beds. No coal 

.d 

k h e  barn produod h m  this group on &foose M k .  

MIDWAY COAL BEI) 

At ~ v m a l  localities in the Moose Creek m a  an isolated m 1  bed 
of minable thidmm was found below the Premier coal group (pl. 5). 



ftg iixatigkaphic didnnae from the base of the group 6h-s cowid& 5- 

mbly from placa to place, probably due in part to faulting, but aver: 
ages a b u t  75 feet. In the mines on Moose Creek the bed is rep- 
eented by bed 6 at Premier, bed 1 at  Buffalo, and bed 2 at Matanuska 
Center. The bed was found in drill holes 1, 2, and 4 in the Buffalm 

1 

area, pmbably in drill hole 10, and wns mm in wtcmps near the 
Bagter mine and enst of the Mntanuska Wter mine. Bemum the bsd 
is locally of minable thickness md quality, and lies mghly midway 
between the Eska and Premier coal groups, it has been named the 
Midway bd. 
In the eastern part of the district bed 9 of the Evan Jon- mine 

and an equivalent bed in the Eska area omupy the same stratigraphic 
position ns the Midway M and am believed to ba comlativs with it. 
A bed at this position also wns found in drill holes on tlie 8011th Iimb 
of the Wishbone Hill sp~cline west of JonesviIle (pl, 10). The Mid- 
way coal bed is missing at only two of the localities where the section 
between the Premier nnd Eska coal p a p s  is exposed. One is the 
Eska crosscut tunnel, where it probably is cut out by faulting, and the 
other is the prominent bluff back of the Rawson mine on Moose Creek, 
where it Rppears to have been replaced by a sandstone lens. Thus this 
bed, although isolated stratippbically from the coal groups, appears 
to be one of the most persistent coal units of the district. 

The largest amount of minable cuaI in the westem p ~ t  of the dia- 
t;rict is in tha Premier coal group, which has been worked in the 
Premier, Bnxter, Buffalo, Rawson, Wishbone Hill, and Matanu~ka 
Center mines. In this area the group has a totrrl thickness of 90 to 
100 feet, nbout one third of which is coal. On the north slope of Wish- 
bone Rill the top of the Premier coal group is 170 to 220 feat strati- 
graphically below the bnsa of the Joneavills group. 

The Premier coal group extends with Iittle change in t h i c k  and 
charficter for a distance of about 5 miles, from the Premier mine on 
Motwe Creek to locality 15 an the north slope of Wishbone Hill (pl. 5). 
At locality 15 bed 8 of the Evan Jonea mine, which apparently in 
absent in the Moose Creek m a ,  appears at the base of the group and x 

is considered a part of it. The thickness of the Premier oosl group 
inc- eastward, from 100 feet at locality 16 to 280 feet in the 
Evan Jmes smssctrt tunnel, thereby more than doubling in thicbea 
in about 1% mi lm. The thickening is due to an increase in the amount - 
of siltstone and silty daystone rather than coal, so thst the unit 

- 
changw from a compact p u p  of closely spaced coal beds in the west- 
ers part of the district to an aggregation of rather widely a p a d  beds 
in the eastern part. 
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? The original depositional thickness of the Premier coal group prob- 
ably was abut the same in the two psrts of the di~trict, the present 
dmtigraphic difference being due large1 y to diff erentid compaction. 
This possibility was checked by making rough mmputations of the 
original or precompactim thickness of the Premier group in the two 

+ areas. Each measured unit of coal, bony coal, bone, maly dayston% 
chystone, and siltstone was multiplied by a compaction factor. Ac- 
cording to the equation derived by Athy (1930, p. 11) for the relation 
between specific gravity and amount of compaction of clay shale, a 
daystone of 2.5 gravity should have a compaction ratio of about 2 : 1, 
and accordingly a factor of 2 was applied to claystone units. Sand- 
done is hlieved tu undergo only negligible compaction, so a factor of 
1 wm used ; and for siltstone a factor of 1.5, intermediate b~tween clay- 
stone and sandstone, was assumed. For the compaction of suficial 
peat to bituminous ma1 a factor of 15 was used, which accords with 
the conclusions of Ashley, Renault, and others. Factors for bony 
coal, bone, and coaly claystone were obtained by proration between 
 tho^ for coal (16) and cIaystone (2). The results of these com- 
putations indicate that the eastward increase in thickness of the P m  
mier coal group is duo primarily to differential compaction of de- 
posits of differing composition and not to eastward thickening into a 
depositiond basin. 

The Premier coal group &ends eastward without additionnl thick- 
ening from the Evan Jones crosscut tunnel into the Eska area, whem 
lad% 7,7A, 7B, and 8 of the Evan Jones mine have been correlated 
with the Chapin, Maitland, David, and Emery beds, respectively +. 
f pl. 5). The group probably is represented a h  by beds in several 
diamond-drill holes west of Jonesville on the south limb and near the 
axis of the Wishbone Hill syncline (gls. 10,14). 

J O N E S V W  COAL GROUP 

The Jonesville coal group takes ils name from the mine camp of- 
Jonesville, whem it, was first ~xposed in the old south-limb workings 
of the Evan Jones mine. It includes the uppermast m l  beds of the 
Chickaloon formation in the Wishbone Hill districf and the top of 

f the group marks the top of the Chickaloon formation as defmed in 
this report. The p u p  is about 180 feet in total t h i h e s s  and includcs 
beds 1 to 4 of the Evm Jones mine (pl. 10). Coal beds of this p u p  
we eqmed at several localities on the north side of Wishbone Hill 

- (pl. 51, and bed 3, or a combination of beds 2 and 3, is currently being 
t mined on the north limb of the Wishbone Hill syncline in the Evan 

Jcpaeg h e .  Beds of this p u p  have heen identified in drill holes 
west of Janesville ( pls. 10,14) on the south limb, and near the =is 
of the sgxlclina 



The Jon:av?Ua hl: p p  is &posed in thd M banlt sf M m  .s 

&& at the P&er mine herith a eliff of &hglofmHt& tif 4h 
Wishbone formation, and wa foand in. n&rby drill hold 6. A &Wli 
amount of coal *ks mined horn beds of thie @up in 6kl %rk"mgA 
just south of t,hedriU hole (pl. 8). The coal beds h%im e d f  met i 

d quality thm in the Evan Jones mind 

COHDIFIOMS OF DEFUSTTIOW 

Tha mrrl and associated cEa&lc beds of the ChieMdofi fofW€i4Mt 
am interprekd rn having amumulated under h d ,  tempersiCQ CIixildtk? 
conditions on an extensive interior plahi sknding but slightly 
sea level mid traversed by aggrading streams whose lnkdwafeH *en+ 
far to the north and narthenst in the Tdkeetna Moufitains nr;eft. The 
fossil flora, which includes 38 modem genera, indicate9 fhht the $T*h 
supported a Pedwood forest rather similar in cbrilpositjbfi tb the4 
modern California coastal redwood forest. Lioirig an the phifi wem 
specid of redtvodd (lh&,~.xseq[uoia), oak, alder, nlptle, Whhtff,  Pc*iIIdid, 
mttonwmd, cypraq dogwood, ihitagnoEia, ~ibufinfi, ahd 6thef'geitera 
Perhap this flora could thrive inland rrhd i ~ a y  fW tli@ W a d  f 6 p  
if the aggregate annnal minfdl were mtfftcient and if fhe fairif~11 and 
tsmperature were sgicmally rhthe? hniforrh tRfitq$iout the y&f. 

Sediments that accumulated on the plain were d e w  in ri*w 
flood pIaid dnd s m p  gviroa~enf s. Cladid itlferViils P6pMbfit times 
when river sedimentdim bsld mhf. h a 1  Mi& bf cbng~ommitii 
and coarse sandstofie, geriemlly lenticulart probably at-6 chdntleI W 
near-charnel dad-plain deposits. B d s  of fine sandstotie, dltkt6tley 
snd gil tg cl6ptoM #erd laid d o w  during h e s  of fl d on the brod 
f l d  p i a h .  The lrtrger claystme beds pmbnbly dsre depdted in 
gtagnant fload-pldn Iakw and ponds. Although thesg Biadtic de#msitd 
abound in the remains of the forest that they supported, the coal beds 
show no megascopic . w d y  structum or me~asmpically identifiable 
plant remains. Consequently, until thin-section studies of the coala 
r a ~ e  rnada, there is no information as to the identity of the 0 ~ 1 1 - f o ~ i n g  
plmts. 
In contrast with fie conditions r e p m b d  by the clas&5 iirhWifs, 

the coal-bearing nnits m p m n t  times when the gradient of the pIairi 
ww almost nil, when streams were sluggish and drainage mostly 
choked off, and when the water table mse I% f i e  extant thst the area 
was largsIy inundated and swamp conditions held sway. The rela- 
tively pure beds of cod were formed in areas of the dwlamps that *&I% 
not d b l e  ta floodwaters, whereas the bony coal, bong maly cldy- 
stone, and daydone layers (markers) in the coal bed9 repmmnt con& 
tions under which the flobdw~~Ww had Eemporllrg and limlted 
to the swamps. The thickening and i n c m  in elagtjc content df  the 
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aRmnier coal p u p  in the eastern part of the district aug- an 
&ward trend from a ~lntinuowly sustaind swamp condition to a 
condition under which the UPremie~" swamp was periodically anb- 
j,ectad to inff ux of flood-plain silts from the east. 

The ma1 of the Wishbone Hill district is of high-volatile B bitumi- 
nous rank, and is generally considered to be noncokhg, although tests 
of certain beds indicnh poor to fair coking pmperkiea (Cooper and 
&IS, 1946, p. 48-56). It is a p d  steam coaI and is nsed extensively 
for power mneratioxl and hwtipg in the Anchorage area. It is the 
only coaI in the Alaska Railroad belt that is suitable for use in 
locpmotirn. 

In .qpear@ma the ma1 is generally blwk snd Iu~~Y%us, although 
1qca]ly it has J m a t i n g  bright and dull laminae. It commonly has 
two well-developed cleats at right angles to each ather and to the bed- 
ding, which gives it rt roughly cubic fracture and cauw it to  shatter 
madily to smaII sizes. Many observatiolw in various parts of the 
&ke &a show that the cleats maintain fairly constant directions, 
which itre independent of the dip of the beds. For example, the prom- 
bent cEe& that strikes northvat, approximafsly parallel to the dip 
of the beds on the south limb, maintains this strike a9 the beds swing 
around to cross the axis of the plunging 8yncline. 

The ash content of the coal ranges from 4.5 to 25 percent, but became 
ef slabby m f s  and many clay partings in 9ome M s  the amount of 
ash in the mine prduct may m high aa 40 percent. The con1 in 
many beds does not break free from the included partings or the bony 
floor, so that both crushing m d  washing are egsential steps in the 
preparafiion of s satisfactory shipping coal. 

h a l y w  of ma1 from the 'FT7ishbone Hill district are given in the 
following tabla. The analyses represent a stratigraphic range of 
about 850 feet and a labra1 extent of '7 miIas. No significant chmp 
in the charactsr of the ma1 are apparent, either from Bed to bed or 
from place to place, the principal differences being in the ash oontent. 

The coal beds of the Wi&bone HiII district include nF1 gmdations 
from relatively clean coal to claystone, which far p u r p s  of dexrip- 
tion have been divided into the following five types : mal, bony coal, 
bone, m l y  claystone, and daystone. Detailed graphic sections of the 
psincipl coal bed9 of the district are shown on plates 11-18 and 15-18. 
In these mctiom the intermediate types of m l y  material are repre- 
mkl ss having the following average proportions of coal: slightly 
bony d, 88 percent; bony coal, 75 percent; bone, 60 parcent; and 
m1y  daystone, 25 percant. Two types of material ham been classed 
BS bony coal ; one, in which the impurities am rather evenly dissemi- 
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t nntsd, has a ddl luster and is dark brownish gray; the other mnsis&l 
of lustrous black coal containing laminae of carbonwus clay*& 
or d d  bmda of impure coaly matarial. Bone is commonly dark 
bmmnish p y ,  has a sbaly parting and is relatively heavy and tough 
vd with coal. Also clnssed as bone are layers consisting of * - alternating thin bands or lenses of rehtiveIy dean con1 and carbons- 
-us claystma This type of bone grades into maly claystme by 
decrease in. the number and thickness of con1 Isnsea. 
M w  of the coal beds in this district, particularly in the eastem 

part, contain unusualIy large amounts of bony material, which fact 
adversely affecta the quality of coal that can be pmduced by washing. 
The resulfs of a pgeneral coal-prepmation study of  coal^ from the 
Eska and Evm Jones mines by Geer and Yancey (lW, p. 17') led to 
tha following concIusio~ repding the beda that were being m i n d  
at the time of the study : 
& lmwrtant factor that m w t  be conaidered in conneckton wltb tbe uttHWloa 

af coals from this dfstrict Is that their miAc-gravity compsItIon Impom a 
lower IEmlt for the ash content to which they can be wmhed with a rmmnnble 
yield of wmbed coal. This factor is inherent In tbe character of the conl and, 
therefore, appllm even when the coal Is treated in mdern, well operated, waehlng 
eqnlpment. Waebed ma1 having a minimam ash content of 14 percent cnn be 
produced, but only wltb a sharp sacrifice in yield. If coal of lem than IS percent 
aah la -1 r d ,  ita enhanced value mnst jaatm the increased comt of preparing 
mch a product. t 

Although no mmilar studies ham been made of ma1 from the western 
part of the district, past experielrce at tha Premier and Buffalo rninea 
indicates that certain beds in the Moose Creek area are capable of 

v yielding a much cleaner product than those of the Eska and Evan Jones 
mines. 

Dm- DERCBrPTIOW 08 COAL BEDB 

'%.lthomgh the main coal p u p s  were t r d  with reasonable mtainty 
htween the eastern and western pa& of the diatrich the individual 
casl beds within the p u p s  could not be so traced, owing to the scs,~:ity 
of exI>osures and to lateral changes in character and t h i h m .  For 
th is  mason the detailed descriptions of the coal beds of the two parts 
of the district are given separately. 

t 
=B-N PART OF WImHBOm RIIZ D L S T I t T C T  

8-6 BED ClOdL ORIlbUP 

A scrim of thin but rather persistent coal and maly cla@ne beds, 
not indi~dually named, lies 200 to 300 feet strstigmphicmrlly below 

-f the Eska c o d  p u p .  These beds are torrelated with the Burning 
Bed coal group of the western part of the district on the b&s of 
similarities in stratigraphic position and p e r a l  chamter. 
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A h t  300 flmt inside the pdal of the E n b  mwmut tunnel ths * 
gmup con&& of abut  ffeet of ceoaly alayStm@, h a ,  and coal,, 
hclnding two um1 Ids about 2 feet thick and tl~m thinner beds. Oa 
the north slop of Wishbne. Hill at locality 5% the e n p  W a tatd 
thickmess of at laaSt 86 feet and -bins thm ml bada 1 to 9 faet * 
thick and -em1 thinner beds md m f y  son- At locality W )  it im - 
rapreeenM bg a mne Iega thm I6 faet thkk mntd.ining M e  lZin& 
coal bed and a few thinner o m ;  fartbr wast the stone a p p w  
pinch out, 

m oom a m  
The Esb ooal p p ,  mprlsfng the E s ~ ~ L ,  SIlhw, ~ d d  M&fid b&, 

has been mifled e x t e f i ~ i ~ l y  oh both limbs of the Wighbone Hill gSrrl- 
cline in the E s h  mine. On the north limb it h~ ts traad at  the 
surface, by means of mterqm and auger borirle, frbm the Eska fault 
zone westward to the Jonesville fault. Ded 10 and tmo adjacent un- 
numbered beds in the Evan Jones tunnel am b e l i d  to be tha con- 
tinuation of the Eska coal p u p  *& 6f thci ,Ton&lle fault. This 
mrrelation was sugpttsd by the general similsrity of the M q  b t h  
as s gaup and individually, even to the presence of a hsrd clay partc 
ing near the roof of the upper bed that closely reeemblee the charm 
taristic Esks "marker". It is supported by comparison of completa 
shtigraphio sections of the Chickalmn strata ex* iti t31e t*6 
areas, which reveals ~ u c h  striking similarity in the numhY, qatitig, 
and character of coal beds as to leave little d ~ u b t  6f e g e n s ~ l  rumla- 
tion that nlatchw bed 10 and the tws adjabent aoprl bads with the F~krl 
con1 p n p .  

The Eska coal gmup is expo& tit mrfw Imlit idl  16, 17, 18, 
20,21, and 22, on the north slope of Wishbone Hill (pls. 4,5). Cor- 
relation of the ma1 at thew e x p t i r e ~  with the Rats coal p p  i8 
bnsed on its gram remblance to the group farther enst, and on its 
strtigraaphic position b low bed 8, whonre position is well marlred by 
many mine airways, 

XABTfnr BMI 

The low& member of the Eska coal @onp is the Martin bd, which, 
as mined at Eska, generally consists of tw'o benches of c lan  coal 1% 
to 2 feet thick separated by 6 to 24 inches of coaly claystone. Thinner * 
beds of coal and bone are commonly present in both the roof and floor. 
A con1 b d  locally as much as 2 feet thick closely underlies the lower 
bench of the Martin but has never been mined. me main benches as 
well as the psrtingg range considerably in thickness, rn that within 
short distances the bed rnRy change from n minable coal bed with a 
relatively thin parting to two thin coat beds scarcely worth mining. 
In diamond-drill hole 13, northwest of Eska, which reached the 
Martin bed about 360 feet down the dip from the northlimb 960 level 



of the ELa mine, the Martin consists of a single bed about 8% feet 
thick, of which the upper 1% feat and the lower 3% feet am largaly 
bone and the other 3% feet is relatively clean coal (pl. 11, section 7). 

The Martin bed was mined on both limbs of the syncline weat of 
E ~ k a  Creek, but east of Eska Creek the only development waa a short 
tunnel OR the north-limb outcrop. It was identified m ona, and 
possibly more, dimonddri11 holes sast of Eska Creek drilled in 1947 
(pla 14 12). In the NWXNWIJ4 sec. 15, T. 19 N, B. 3 E, the 
Madin bed in drill hale 1 includes two %foot benches, each containing 
-two thin partings, separated by 1 foot. of maly claystone (pl. 11, sec- 
tion 14) ; in drill hole 2 the bed contains s single bench of -1 1.6 
feet thick underlain by seve~al feet of interbedded claJrstme- 4: 
bone ; and in drill, hole 3 it includes nearly 7 feet of slightly bony cod 
in three benches separated by 1-foot partings of claystone (pl. 18). 
In the SE%SWx sec. 10, the pmibla  quivnlent of the Martin b d  
in drill hole 7 is about 10 feet thick, induding 6 feet of slightly bony 
coal, in three benches separahd by Bbmt partinp of coaly claptom 
{pl. 12). 
In the Evan Jonas tunnel an unnumbered bed that lies about 20 

feet below bed 10 hns been correlated with the Martin bed (pl. PI), 
At this point it consists of an upper 2%-foot bench of nelatively cban 
ma1 and two thinner benches containing 1 to 9 feet of clean coal 
(pl. 11, wetion 4). On the north slops of Wishbone Hill completa 
sections of the Martin bed were obtainad only ait localities 90 and 21. 
At both points the kl includes an upper bench containing less than 
$2 feet of coal and a lower bench cornpod of bone and a few thin coal 
layers. At locality 16 a section probably representing at least a part 
of the Martin bed includes s 1.7-foot bed of clean coal (pl. 11, sections 
1-3)- 

s ~ a w  (no. 10)  BED 

The Shaw bed of the Eska mine has been mined on the north limb 
of the Wishbone HiII syncline on both sides of Eska Cmk and on the 
south limb west of the creek. In mast places the Shaw bed consists 
of two distinct benchas that are known l d l y  ns the upper and lower 
Shaw. 
In the old East Sham workings the upper Shaw is p-t only 
u a mne of maly shale (Tuck, 1937, p. 206), but the lower Shaw 
consists of a 6-hot coal bed that indudea 8 inch- of shale in t h  
partings rrnd is somewhat bony at the base. T h e  Shaw bed nns found 
in several diamond-drill hale northeast af Eska. In drill hole 1 the 
upper Shaw (pl. 11, section 45) consists of 3.6 feet of clean coal, sep- 
aratd by 2 fcet of clnystone and bone from the lower Sham (PI. 11, 
section 30), which includw 5.8 feet of partly bony coal. In drill bola 
2 the Shaw is mentially a. singla bed about 12 feet thick, conshting 

8&8687- 
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of partly bony d trnd including two 1-foot shdy pstrtingw (pl. 12) ,+ 3. 
In drill hole 3 the upper Shaw is about 6 feet thick, including a L -  
faot cody daystone parting, and the lower Sbw, benerath a 2%-foot 
elaystane parting, contains a little more than 3 fmt of clean oowk 
grading into h u e  at boeh roof and floor (pl. 12). 
In mine workings west of Eska Creek the upper Shaw ranges in 3 

thickness from 2% to 4 feet and commonly includm one to three h a d  
claystone markers an inch or less in thickness. The lower Shaw EEw+ 
a total thihess of 8 to 5 faet but includm as many as five claystone 
partings 1 to 2 inches thick. Tha lower bed was mined to some extent 
m the north limb on both sides of E h  Creek; elsewhere it has not 
baam mind, largely because it is too cIosa ta the upper S h w  to be. 
mined separately and h u m  the large mount of rock in the lower- 
Sham parting and in the thick parting htween the two benches made 
the simultaneous mining of both lbenches impracticable. 
In drill hole 13, northwest of Eska, the Shaw bed mnsists of two. 

8-foot benches of bong ooal and 1 foot of dean cual, *parated by 
Mwt daystone parkings (pl. 11, sections 25, 40). 
.In #e Evan Jones tunnel, bed 10, the equivalent of the S b w  bed,. 

m i s t s  of two hches,  each about 2% feet thick, separated by 1 %ot 
of coal7 clayahne (pl, 11, ~ E i o n s  18,34). The upper bench is dean 
d with a single siliceous daystone parting about inch thick. Tha 
her-bench includes only 1 foot of clean coal, the upper and lowm 
p& being bony. This bed has not been deveIoped in the E ~ a n  Joma. 
t h e .  

At l d t y  21, on the north dope of Wishbone Hill, the Shaw bed 
mnsists of two benches of clem coal 14 tn 18 inches thick separatd 
by more than 2 feet of coaly claystone. A similar seetion is exposed 
at locality 20, but farther west both benches becurno progres2fdy  
thinner and grade into cotrly claystone. 

The E h  bed, like the Shaw, was mind on the north limb on both 
mdea of E h  Creak and on the south limb west of the creek. Xn th i  
old Eska East workings the bed ranges fxom 2lh to 3% feet in thick-. 

s 
nem, including a few thin bony stre& and p a h ~  In drill hole 1 
east of Eska Creek the Eska Id consists of a %foot bed of clean ma1 
with a 3-inch bone parting, underlain by 8 feet of interbedded coal 
and bone (pl. 11, Election 68). In drill hole 3 it consists of about 
feat of slightly bony coal, underlain by 335 feet of dirty coal and L 

bone (pl. 22).  Possibly i t  is represented in drill hole 2 by about 4 
feet of inkwbe8de.d clean coal and bony coal, and in drill hole 7 by 8% 
feet of interbdded bony -1 and cla~stone. 
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C: As typically exposed in the west Eska workinp the Eska bed con- 
tabs 3 to 4 feet of coal, of which the lower 1 to 2 feet is bony and t$k 
upper pnrt is mIatively clean coal with no persisbnt partings. La- 
a l ly  this bed attains a total thickness of as much as ?feet, but much 
of the added thickness consists of bony ~01x1. T h e  bed is thick& on 

f - the muth Limb and tZlinnast at the west end of the north-limb workings, 
where it mtains little more than 2 feet of coal. 
In the Evan Jones mine the Eska bed is represented by .2%feet of 

slightly bony coal that lies about 15 feet stratigraphically a h e  bed 
10 in the cromcut tunnel (pl. 11, section 50). At localiq 21 it con- 
gists of about 10 inches of maI, which grades downward through h n e  
into coaly claystone. Betwoen localities 17 and 21 the Eska bed in- 
cludes 12 to 18 inches of coal underlain by bone, md at locality I%, 
it is represented only by a 10-inch Iayer of bony coal. 

EIbWAY (NO. 9) OOAL BED 

When the Evan Jones cmvacut tunnel was extended north~ard from 
M 8 in marc11 of underlying coal beds, a cody zone was reached about 
90 feet stratigmphicnlly beIow bed 8 ~ n d  mas dasignated bed 9. A 
coal bed at a mrrespondingIy stratigraphic position, roughly midway 
between th Eska a11d Rmery beds, crops out in  the west bank of &ka 
Creek in the SEJ/4NEW sec. 16, T. 10 N., R 3 E. At tlus point it 

s' includes two bnches of clean coal 12 to  18 inches thick, separated 
by 3% feet, of coaly claystone. On the basis of its shtgrraphic posi- 
tion and general similarity this bed was correlated with bed 9 of the 
Evan Jones mine, 13ed 9, in turn, occupies the same stratigraphic * p i t i o n  as the penistent Midway coal bed in the w&mn part of thb 
district and is correlatd with it. 

The Midway bed mas hnbtively identified in three diamond-drin 
holes east of Eska Creek. In drill hole 1 i t  mrlsists of two 1.3-foot 
benches of clean mul separated by 4 feet of claystn~le ( pl. 11, section 
71). In drill hole 3 it includes 2 &nd~es of dirty cml, 1% and 21/j, 
feet thick, separated by 2% feet of clnys.stone and irohstok In drill 
hole 7 the upper bench is 1% feet. thick, including two 3-inch pnrtingcr 
of pyritic Iron carbonnte, and is S P ~ R T B ~ ~ ~  by 3 feet of coaly clnystona 

a )ram a lower bench containing 2% feet of clean coal (pl, 12). . 
In the Eska crosscut tunnel the Midway bed is not present in its 

expected position, appamntly llaving been cut out by a fault, In an 
outcrop in the NE%NWx sec. 16, T. 15 N., R. 3 E., it is represented 

2 
by a coal bed consisting of two benches ilbou t 1 '/z feet thick separated 

t by 3 f& of m l y  daystone (pl. 11, section 68). This bd was previ- 
ously identified by Chapia (1921, p. 198) as the Emery bed, and its 
neam8ss to the underlying Eska bed was cited by Tuck (1937, p. 1W) 
as ePidence of rapid thinning of the intervening strata, but its iden- 



tity as aq intermediate bed was establishd during the p m t  in- + 
tigation by twcbg h e  Emery and other beds of the Premier group, 
by rnea-ns of trenches and auger boring% tu positions mom than 100 
feet higher stmtigsapbically on the ridge to the gonth. 
In drilI hole 13, northwest of Eska, the Midway bed c o d  of 

1 
three I-foot coal layers pepanrtd by 2% to 3 feet of m k  (pL 11, 
aection 69). In the Evan Jones tunnel h d  9 i s  repmwntad by a 
12-foot coal zone that includes three layers of coal 1 to 2 feet thick 
(section 67). On the north slope of Wishbone Ell the Midway bed 
is peprtsmbd by a coaly zone of variable thicknem, including one or 
two thin c o d  layem, at localities 16,17, rrnd 20 (sections 63,6P, 66). 

AIthough mme qnmtion exista as to" what Bhonld properly be d e d  
the base of the Premier coal group in the eastern part of the Wishhue 
Hill district, in the present repod it is assumed to be the base of the 
Emery (No. 8) bed. 

~tssr (no. a)  rm 

The Emery bed was first mined on the w a t  side of E h  M, 
in the rn'kNE% sec. 16, T. 19 N, R 3 E., where it has a total 
thicknm of 7% feet, including 5% feet of clean coal (pl. 11, &ion 
83). It was also mind in the old Emery East workings, where a C F 

typical wction m e a d  5y2 .feet in total thickness, including 4-fmt 
of coal (&ion 84). The Emeq bed could be positively identified in 
only two drill holes east of E s h  Creek In drill hole 1 it consists of - 

T 
s single 3Yz-foot bed of clean coal, (saction 85) and in drill hole 3 it 
inclndq from the b p  downward, 2.2 feet of bony coal, 3 feet of 
contorted siltstong and 0.8 foot of bony coaI. As this mtion differa 
markedly from that of the old mine workings s few handred feet; 
to the west, it seems probable that the bed, whom crossed by drill hole 
8, wns disturbed by faulting. 
In the Eska tunnel the Emerg 'Ibed incIudeg a lower beach about 8% 

feet thick, nearly half of which is bone, separated by about 5 feet of 
waly claystone from an upper bench, of which all but 1 foot of clean 
coal hap, h e n  cut out by faulting (pL fl, d o n  82). In drill hole 5 

13 the Emery bed hns a total thickness of 5 feet, of which nearly 4 
feat is clean cod (section 81). In the NWX sec. 16 the Emery bbed 
wns t m d ,  at the surf ncs betwen tha Eska fault zone and tha Jonea- 
ville fault by .means of auger brings and a few trenches, The bed s 
as exposed in two trenches a short distance =st of the Jnnesville fault 
E4 more t l l ~  5 feet thick, Inc1udhg several thia claystone .. partin@ 
(section 80). 



In the Evan Jom mine bed 8 has a total thidmass of as much aa 
7 feet, including =vent1 d a y s h e  partings, but generally only the 
lower 5 feet, including savera1 thin partings, was mind (pl. 11, ~ections 
77,79). In surface exposures at localities 15,16,17, 19, and 21, bsd 
8 includes 3 to 4% feet of fairly clean mil (sxtione 7218). Bed 
8 waa not traced west of locality 15, bmt it may be repmntd by con1 
at the base of the Premier coil gmup m M m  C& 

M m  (aa 7s) = 
The D d d  bed was mined to a mall extent on both sides of Eska 

C r d  mdd ha~~beenitracd at the surface an the north side of Wiwhlmna 
Hill westward ta the Jonesville f ad t .  WE& of the fad& a coal bed in 
a carresponding position over the Emexy (Yo. 8) bed was t r d  
through mvemP s u f i c e  exposure9 to locality 15. 
In the old David East tunnel the David bed c o n e  1- than 2 feet 

of clean m1, and in drill hole 1 it oansists of 2% feet of bony coal 
( pL 11, s&bn 90). It is not present in drill holes farther east, which 
lie beyond its line of outcrop. In the west bank of E s h  Creek the 
David bed is about 8 feet thick, and f n driU hole la, northwest of Eska, 
it includes two h c h e a  of bone and bony cad, each less than 2 feet 
thick (section 88). West of the Evan Jones cmmut tunnel, where 
it is h o r n  as bed 7B, it is believed to be represented by a double bed 
with benches ranging in thickness from 1 to 3 feet. Sections thkt 
pmbgbly indnda bed 723 were measumd at localities 1% 16,17, and B 
( d o n s  113,114, f 16, 120). 

The Maitland bed waa h t  opened by a tunnel on the west b d  of 
Bsks Creek, where it was h a m  as the Kelly bed, and it was mined 
t.n soma ex tent east of the crmk, where it consists of upper and lower 
banches, 4 to 7 feet apart, mnging in thickness from 1% to 2 feet and 
h m  2% to 5% feet, W i v e l y  (Chapin, 1920, p. XBg). In drill 
hole 1, northem of Eska, it consists of an upper Sx-foot and a lower 
2-foot lmnch of clean cod, eparatd by 8 feat of waly daystone and 
h e  (pl. 11, =tion 95). In an outcrop on the west bank of Eska 
Creek an upper 3-foot bench of clean coal in in0 Maitland bed ia 
separates by 6 feet: of cmly claystme and bone from a lower 3%-foot 
bench with a band of ironstone nodnles near ita wnhr (=tian 943, 
The Maitland bed is not e x p o d  in tha Eska tunnel, which probably 
passes beneath it at the sgncIhal axis. In diamond-drill hole 13 
northwest of F&a the Maitrand M includes two benches of partly 
bony cual abont 2 feet thick sepfiratsd by 3% feet of m l y  shale and 
bne  ( $ d o n  93). At the wastern edge of the NT1JaNW1/4 mc. 18, 
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T. 19 N., R 3 E., a M identXd by Tuck as bed 7A inchden an upper * 
2%-faat bench and a lower 2-foot bench separated by 6 feet of coaly 
shale (section 92). 

In the Evan Jones tunnel I d  ?A consish of tan %-foot d y  zone 
that includes only 2 feet of clean coal, mainly in s single bed nar  
the b a ~  (pl. 11, section 91). The ex& position of bed ?A in con1 4 

sections measnmd farther west, in outcrops on the north aide of 
Wishbone Hill, is nat known, but it probably is included in aections 
rnsasured betwean localities I5 and 21. (Sections 113-118.) 

0aAP.m (NO. 7 BED 

The Chapin baa has been exposed on both sides of Eska Creek in 
the NE%NEj/4 wc. 16 and was developed by a short tunnel on the east 
aide. The bed east of Eslra C m k  contains at least 4% feet of coal in 
two benches separated by about 2 feet of  hale, (pl. 11, section 100) 
but a section by Chapin (1020, p. 154) on the west side of the meek 
shows only a single 2-foot bed in a corresponding position aver the 
Maitland bed. In drill hole 13 northwest of &ka the Chspin bed 
contains 4 feet of coal, including a thin layer of bone (section 99). A 
4-foot bed of coal and bone 18 feet above the Chapin in the drill hole 
may be a split from the Chapin as exposed on Eskc~ Creek. In a trench 
acrm the Chapin bed north of drill hole 13 the bed appeared to contain 
9 feet of coal in two benches sepamted by 1 foot of cl~ystone, but 
this thickness is qttdionable because the bedding was poorly shown 
and locally disturbed, Farthsr west, in a trench just enst of the Jon* 
ville fault, the Chapin bed consists of two benches of d more than 
8 fat thick saparated 'by 5 feet of m1-y &shale (section 97). 
~n the Evan  ones tunnel bed 7 consists of an upper 1-foot bench d 

doal, a 3-foot parting of claystone and bone, and a lower t f o o t  bench 
of partly bony coal (pl. 11, section 96). Coal sections that may include 
bed 7 were memmd at lmli  ties 15,16,17,19, and 20 (sections 113, 
114, 115, 11T9 118). 

m a  

No ma1 W above the Chapin have been developed in the E h  m a ,  
but a bxl corresponding in stratigraphic position to b d  6 of the Evan 
Jonas mine was e x p o d  by trenching in the NWxNW?-!g see. 16, T. 19 s 

I?., It. 3 E. The b d  at this point coxlsista of two benches of cletta 
cod  about 2% and 4 fmt thick, separated by 1 foot of m l y  claptone 
(pl. 11, Mion 104). In drill hole 13, bed 6 contains 6 feet of coal in 
three hnchm, including an upper $-foot bench of partly bony ma1 and %- 
two lower benches less than ll/z feet thick (section 105). 
In the Evan Jones tunnel bed 6 consists of an upper 8-foot bench 

containing 9 feet of clean coal and a lower 5%-foot bench t h ~ t ,  incldw 
three partings of claystone and iron arbonate 3 to 5 inches thick (pl. 
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11, =tion 103). About 2,000 f ed  west, of the main tunnel in bed 5 
gmgway, where a fault has thrown bed 8 opposite bed S, bed 6 consista 
of an upper 2-foot bench of clean mI mpsrated by ly2 feet of clay- 
'stone from a lower bfoot bench including a 6-inch zone of dirty coal 
(section 102). 

On the north slope of Wishbone Hill, bed 6 is probably representd 
at 1localit;y 17 by a 7-foot bed including 6 feet of coal (section 115), 
Farther W& it b probably present near the top of sections of the Pre 
mier p u p  measured at localities 15 and 16, where poor expormra and 
minor faulting precluded positive identification of individual beds. 
(See  &ions 113,114). 

Bed 5 was first found in t h ~  a k a  h a  by trsnching about 50 feet 
Btratigraphidly above bed 6 in the NWxNWl/a sec. 16, T. 19 N., B. 
5 E. A partial section of the bed, obtained by trenching and auger bor- 
ing, revealed three benches of coal, 1 f oat, 4 fee4 and 6 plus feet thickj in 
B, total thickness of about 17 feet (pl. 11, section 111). The upper and 
lower benches include a few ironstma nodules, and the base of the 
lower bench was not found. In drill hole 13 to the east, bed 5 has 
&total thicknms of 21 feet, including an upper 11-foot bench of partly 
bony coal and a lower 21/2-f06t bench of slightly bony coaI, separated 
by 8 feet of interbedded bony coal and claystone (section 112). 

In the Evan Jonm crosscut tunnel bed 5 has a totd thichem of 9 
feet but is very dirty, including Iess than 4 feet of clean -1 in m e r d  
thin benches ( pl. 11, section 109). I n  the gangway 1,500 feet w& of 
the tunnel, bed 5 has an exposed thickness of 22 feet, including an 
upper 1Bfoot bench of partly bony coal with mvem1 thin rock part- 
ings and a lower bench wntaining at least 3 feet of clean coal (section 
107). West of the fault that brings beds 5 and 6 together 2,000 feet 
wsst of the main tunnel, bed 5 has a total thickness of 23 feat, but in- 
eludes many thin partings end about 6 feet of bone (Mion. 106). 

Bed 5 may be represented on the south limb in the Evan Jones tunnel 
by one or both of two ma1 beds, designated beds 0 ond 00, that appear 
ta lie; in a corresponding stratigraphic position below the Jonesfle 
coal group. (See pL 7, =tion C-C'.) According to sections given 
by Tuck (1927), pl. 13, &ions 29, 30) each of these beda, which are 
less than 10 feet apart, contains more than 5 fwt of coal with a few 
bone and ahale partings. I 

Bed 5 ia well exposed at localities 15, 17, and 21 on the north side 
of Wishbone Kill, where it contains 4 feet or more of dean coal and at 
least 8 feet of bone and bony coal. At locality 16 the upper part of 
the Premier coal group consists of a mries of thin beds of m l y  clay 
stone, bone, ttnd bony coal in which neither bed 5 nor bed G could 
be positivdy identified. (See pl. 11, sections 118-115.) 
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J W m s V ~  UOdL e m  
rE 

Bsds of &e JonemiIle coal group were origina1Iy daveIopd on the 
m t h  limb of the Wishbone Hill syncline at Jonesville. The mme' 
saris of beds waa identified in surface eltposur&s bn the north limb 
opposite Jonewille mid at localities 14,15, and 16 ( pl. 63. The Jones- 
viIle cod  g m p  hmnot t a n  identified between the Jonasville and Eska P 

fault mnH on the north limb, either in outcrops or drill holes ; aast of 
the Eska fault aone it has been entirely removed by erosion. 

Bed I was discovered in the upper tunnel of the Evan Jon= mine 
but was not developed, as it consisted only of a 7-foot bed of m d y  &ale. 
A similar bed at a mmqondifig stratigraphic position m the north 
Zimb, at 1maIlty 24, is 6 feet thick, including s few layem of c o d  At 
locality 16 the same bed is 8 feet thick, ineluding 8% fed of partly 
bony eod in threa bchee,  and at locality 14 it clansiirts of a single 
afoot M d. 

Em %  

In the old muth-limb worgings of the Evan Jones mine Iwd 2 ia 
m e  to have hrtd rn avemge thichea of 2 feet 8 inchm and 
sppmmt1y was rather dirty? as analyses show it contained mom than 
20 percent ash. 011 the north side of Wishban6 Hill bed 2 probably 
ia represented by the lower parta of the thickest coaIy &ions m e d  
at localities 14,15, and 24. (See p1. 11, sections 121, 122, 124.) 

Bed 3 was the mod whnsively m i n d  ma2 bed in the old 9011th-limb 
workinge of the Evan Jones mine, when available &ons indicttb 
that I t  r a n d  in thielrnem from 7% to 12 fwt, including a few thin, 
clay markers and a 6-inch shale p b g .  A A bed bedt is b e l i e d  
to represent bed 8 on the north limb of the Wiahbne Hill syncline 
was developed by driving tt branch tunnel from the main Evan Jones 
-nt tunnel westward through the Jon~ville fadt zona Near the 
fault the bed has a total thichess of 12 feet, including $~verah thin 
claystone partings (pl. 11, &ion 130). Wdward as far as &uEa s s  

87% mom than a mile from the cmmcut tme1, bed 3 ranges behean 
13 and 16 feet in total thidmw, inclnding mveral mck pa* and 
bony layers (dam 1SI29) .  

At locality 24, bed 3 is 13 feet thick, includhg '7 inchw of bony % 
d, a I-fmt c l a m n e  parting, and mvem1 thin elasgtone markers 
(pl. 11, section 124). At locality $6 a coal bed at I& 8 feet thick, 
including b e  claystone pgrtings 2 to 6 inches thick, repre- 
8enh bed 8, although neither roof nor floor was cqmed (section 123); 



The upper 7 feet of rr Goal d o n  at ImaliQ 16, inclnding 4 
h t  of coal in three b c h e e ,  probably mpmmta the lomr part af bed 
3. A complete section of the same bed is e q m d  at localitp 14, where 
it baa a ah1 thicknggs of at least 12 feet and includas thm bench- 
of relatively clean ma1 2% to 3 feet thick, i n t e M d d  with bony cod 
and chysbne (section f21). 

Bm 4 

Bed 4, h upperm& mat M of the Jonewille group, has been 
mind ody in the old south-limb workings of the Evan Janm mine, 
where it lies about 39 feet above bod 3 and is mported to contain 8 to 
4 feet of coal. Bed 4 h a  not been devalopad on the north limb, aa 
the branch tunnel to bed 3 apparently c r m d  the Jonmille fault n o d  
of it No atbmpt was made to explore bed 4 near the fault, but a 
diamond-drill hole in the roof of bed 3 a b u t  a mile we& of the fault 
m h d  1 fmt of coal about 40 feet stratigraphically above bed 3, 
indicating that bed 4 thins &ad. 
No surface exposures of bed 4 mere found on the north slope of 

Wiskbone mil, whera  it^ inferred position is largely covered by tdw 
from the overlying conglomerate, At locality 24 coal was found in 
m rrager hole at the inferred position of bed 4, but its thicknew w t ~ a  

not determind, 
COAL 3ED8 BOUND EM DRLLL HOLU8 

T h e  preceding dmriptions included ma1 that have been corm 
lated with reasonable mrtainv with bads in the various minw in the 
district. The following descriptions are of onal bdsi found in 
diamond-drill holes, that for the m& part mdd not be positively 
mmlaM with known beds, either becaw of lack of information or 
because they are pmpiously unknown M s  lower in the &ion. 

Nine diamond-drill holes were completed by the U. 5. Bursan of 
Wries in 1947 and 1048 in an ama northeast of Eska Drill holm 
1-5 are in the NWI/, m. 15, T. 19 N., R 3 E.; drill holes 6-9 are in 
the Sy2 10, T. 19 N., R. 3 E. (pl. I). True-thickness logs of the 
principal msl beds in t h e  holes are shorn in plate 12. 
D d  bE8 I.-Drill hole 1 is close to the axis of the Wishbone Hill 

tipcline and pa& through all ma1 beds of the Premier and Eeka coal 
groups, from the Maitlnnd to the Martin, inclusive. Bs the section 
in the drill Ro10 corresponded closely with that compiled from nearby 
mine workings and outcrop the coals beds were easiIy identified. 
Detailed sectiona of the principal coal beds in drill hole 1 am includd 
with other sections of the same W on plate 11. 



M h b  d-DriII hole 2 reached k h d c  beIow the *er coal a- 
p u p  d axtended to bsse of the Eska coal p u p .  The Eska 
d Shaw I d s  wem found to mmkt of 4 md 12 feet, v t i v e l y ,  of 

' 

bony wd, and the Martin bed to be s dirty mem including less than 
2 feet of coal. 

D.rfll h b 3.-Ddl hole 3 appamntly enbred bedrock just blow the a 

3)svid bed, as the top coal penetratsd, judging from its pasition 
relative to nearby old mine workings, is the Emery bed The bed in 
the drill hole contains only about 2 feet of coal, compamd to 4 feet - 
in the mine, which, together with the condition of the mre, suggests 
that park of the bed in the drill hole had bean cut out by faulting. The 
Midway (no. 9) coal bed, reached at 250 feet, consists of two thin 
benches of bony wl. The entire Esh ma1 p u p  was found between 
depths of 518 and 602 feet.. 

Drin hole ,$.-Considerable uncertainty exists I ~ S  to the identity of 
m l  beds in drill hole 4 because of Iack of information on the local 
stmcture and the considerable difference in the sequence of beds 
from the known section to the west. Detailed sections and hntative 
currelrttions of the coal beds are given in plate 12. 

Q&ZE Rob 6.-The sequence of beds in drill hole 6 bears little m- 
aemblltnce to the known section of the Chickaloon formation in the 
Eska mine ares. This fact, together- with the position of the hoIe 
with respect to the probable projection of the Eska coal group north- 
wtward from known exposures new Eska Creek, indicates that the 
beds in drill hale 6 lie below th0 Eska -1 group. On this h i s  
all the coal beds penetrated-with the possible exception of the top 
coal a t  20 feet, which may tm the Martin, and a, group of thin beds 
between depths of 300 and 350 f set, which may r e p m n t  the Burning 
Red group--are new beds not previously descrihd. 

DwX! hole I$.-% beds h drill hole 6, for the same raasons stated 
for hole 5, probably all lie blow the Eske coal group, T h e  coal In& 
below 583 feet in drill hole 6 are probably the m e  as those below 
566 fget in hole 5, as both groups of beds immediately underlie more 
than 100 feet of massive sandstone. 

DpiII hole 7.-Although the position of the axis of the Wishbone 
Hill syncline has been established for only ra short distance northeast x 
of F~ka  Cmk; drill hole 7 is &Tied to  lie on the north limb not far 
from the axis, and to pass thmngh the Premier and Eska mu1 p u p .  
T h e  beds at depth of 60 and 102 feet probably represent the Mai tland 
and David beds. The bed st 212 feet could be the Emery, except that 
it is much farther blow the David M than it is in drill bole I. A 5 

comparison of the lw of several drill holes suggests the possibility 
that the Emery M pinchea out muthwest sf drill hole 7 and a new 
bed comes in at a lower position in the d o n  and is  re^^:^ 
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a the ma1 at  212 feet in hole 'I, The Midway bed and tbe Eska cod 
group appear in their expected positions, but the C Q ~  of tihe Eska 
group is exceptiondly dirty. 

Dria h&s 8 a d  3.-Drill holes 8 and 9 are so far from mag of 
h o r n  structure and strstigraphy that none of the coal M s  found 

I . could be positiveIy identified. The uppermost beds in drill hale 8 
possibly repmnt the Eska coal group; all the coal in drill hole 9 
probably t~nderlies the Esh p u p .  

Three core holes were drilled by the U. S. Bureau of Mines in 1945 
northwest of Eska, in the NWg w. 16, T. 19 N., R 3 E. (pl. 1). 
The multa of this drilling have been published (Barnes, f 061 p. 193- 
201). A graphic log of d ~ i l l  hole 13 appears in plate 10, m d  detailed 
sections of the coal beds penetrnted are included in plate 11, Detailed 
wtions of coal beds penetrated in drill hole 15, believed ta represent 
the Premier coal group, are included in plate 15. No coal waa found in 
drill hole 14. 

D R a L  UOLKU WtBT bF JOAE-LE 

Core drilling to chwk the presence and character of coal beds on 
the south limb of the Wishbone Hill syncline west of Joneaville was 
started by thh U. S. Bureau of Mines late in 1948 and continued 
through the 1949 season. Eiglit drill holes, ranging in depth from 

.- 411 to 1,358 feet, were completed along the south base af Wishbone 
Hilt, in sxs. 19 and 20, T. 19 N., R. 3 E. (pl. 1). In addition, one 

r  hallow hole was drilled by the Evan Jones Coal Company rr short 
distance northeast of the saasternmost hole of the Bum11 of Mines. 

The correlation of coal beds found in drill holes in this area was 
much more difficult than was anticipated. The nea- h o w n  coal 
beds, in the old south-limb workings of the Emn Jones mine, are of 
variable #trike rrnd dip and me separated cEm the drill holes by the 
Jonesville faalt, so that they wnld not be projected inta the drilled 
area with any mnfidence, Also, the sequence of Me in a11 but one 
of the drill holes differed too greatly from the Evan Jones mine m- 
tion Eo prmi t  unqtlestioned correlation on ~tratigmphic evidence, =, Drill hole 1 is believed to include beds of all t h m  con1 groups (pl. lo), 
but the sections of the other drill holes differ so markedly from the 
mine section and fmm each other that no reliable mmlations could be 
made. Detrtiled ~ections of the principal coal M s  in these drill holes 

,$ are given in plate 13. The top ma1 beds shown in drill holes I and 3 
possibly represent the Jonesville pptp, and the bed at 809 feet in 
drill hole 'I may be one of the E3ka ~ 0 8 1  group. T h e  Eska group ia 
probably also represented in hole 3, but the beda are too thin ta be of 



value. Other coal beds shown on plats 13 most probably reprssent a- 
the Premier grovp. 

The reason for the marked disparity in the sections of the several 
drill holes is not known, but it probably involves several factors, pos- 
sibly including abrupt lensing of beds, local contortion of the weaker 
coal-bearing rocks beneath the stronger conglomerate during the fold- 5 

ing that produced the Wishbone Hill syncline, and faulting, either 
tectonic or related to landslides. Evidence of fault* in the form of 
lost core, intensely sheared core, and extremely variable dip of bed- 
ding, was especially abundant in drill hole 2, strongly suggesting that 
the drill hole is within the southwest extension of the Jonesville fault 
zone. (See pl. 1.) 

I n  view of the conditions found in the drill holes along the south 
edge of the conglomerate mass that caps Wishbone Hill, it was de- 
cided in 1950 to attempt to churn drill through the conglomerate cap- 
ping to reach the coal-bearing strata near the syncline axis, and then 
continue through the coal measures with the core drill. In the four 
holes completed by the end of the 1952 field season this involved churn 
drilling to depths of 1,150 to nearly 1,300 feet, and continuing with the 
core drill to 2,100 feet, the practical limit of the equipment in use. 

Reliable correlations are believed to have been made of the coal 
beds found beneath the conglomerate. (See pl. 14.) The uppermost 
group of coal beds in drill holes 10, 11, and 12 is thought to be the 
Jonesville group, to which it corresponds in general character and 
position relative to the overlying conglomerate. This group appar- 
ently is lacking in the log of drill hole 9, having either been cut out 
by faulting or bypassed, through poor core recovery, in a highly 
sheared zone at about 1,500 feet. This interpretation is supported by 
the striking similarity of the sequence of coal beds in drill hole 9 to 
the lower group of coal beds in drill hole 11, which almost certainly 
represents the Premier coal group. All four holes are believed to have 
passed through the entire Premier group, with the possible exception 
of hale 12, which may have stopped short of bed 8. The Eska group 
apparently was reached only by drill hole 11, where it consists of a 
few thin coal beds, confirming evidence obtained from outcrops on 
the north limb that this group is not minable in the western part of 9 

the Evan Jones lease. 
Detailed sections of the principal coal beds in drill holes 9 to 12 

appear on plate 15. 

WElSTERN PART OF WISHBONEI HILL DISTRICT 5 

BWHINO BED COAL GROUP 

The Bu,ming Bed coal group is exposed in the westsrn part of the 
district only on the limbs of the Burning Bed anticline, at  locality 8 
(pl. 8). On the northwest limb the entire group is exposed and 
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a of .eight be& in a sequence &out 126 feat thick (PI. 16, 
a). me lower five beds are e x p a d  on the southeast limb. The 
eight beds aggregate about 25 fmt in thickness and contain about 18.5 
feet of clean coal and 3 feet of h n y  coal. The remainder is 

s coaly claystom, and damn8  in partings 9 to 19 inches thick- me 
* rack interpals between h d s  ranges from 3 5  to 26 feet. The t h i c W  

M, the m n d  from the bottom, contains 2.5 to 8 feet of clean coal 
that is free of partings but contains a zone of ironstone 
mnmtions 4 to 5 inches thick. A mall mount of coal was taken 
from this bed in a tunnel, long abandoned, th& wwas driven under tb 
bluff at locality 8. The tunnel was opened and mamined by the 
Geological Survey party. The beds were measured in a crosscut tunnel 
that entered both limbs of the mtidine and were found to b similar 
to thcm exposed in the bluff above the mine. The beds are highly 
sheared and faultad st the axis of the anticline. In recent years them 
has been further p~ospecting, and a small amount *of coal has b x n  
mined at this locality. 

The Burning Bed coal group was mmhd dl7 drill hole B near the 
lpremibr mine, where the sequence WM found to be about TO feet thick 
and to contain seven beds of coal. T h e  beds me similar in general 
character and thickness to t h m  at locality 3. The total t.hicknem of 
the m l  beds is about 20 feet, which includes 8.2 f a t  of clean coal and 

,s 6.5 feet of bony cod. T h e  thickest bed of clean coal is 2.5 feet. 

I 

Diamond-drill holes 1, 2, and 5 in the Buffalo mine srea paad 
through four well-defined beds of the Burning Bed coal group, which 

* is here 150 to 6U feet thick, The coal beds are thicker and contain 
fewer psrting than those at locality 3 and in hole 6. (Sea pl. 17.) 
The logs of the beds differ considerably from hole to hole, probably in 
part base of differences in care recovery, and pomibly alsa -use 
of faulting, evidence of which was seen in some c o w .  The log of 
drill hole 1 is probably the most repmntative, aa core recovery waa 
best and no faults were indicated. In this hole the group indndee 
two 3r2-foot beds and one %foot bed of clean coal and one 5 - f o t  
bed of bony coal (pl, 17). 

Beds believed to represent the upper part of the Burning Bed d 
t, p u p  were found in. the crosscut tunnel of the Matanuska Csnb - 

mine, where they occur jnst inside the overburden at  the portal. Ac- 
mrding to a log by J. J. Corey, former district mining ~uperviso~, 
the lower bed, which is adjacent to the overburden, contains 6,6 feet 

, - of clean three partings of bone and claystone that am 2 to 4 'Z inches thick (PI. 16, mc. 37). It was known &s bed 2, 

ESKa COdL 8XOVP 

Reds of the Eska eaal group were found in drill holes 1,2, md 4 
in the Buffalo mine area P%rts of the p u p  have been eliminated 
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by faulting in holes 1 and 4 (pl. 51, but in hole 2 four beds wem a 
found and are believed t~ reprepresent the entire group, The beds con- 
gist mostly of clean ma1 ranging from 2.3 to 2.7 feet in. th ihem. 
Reds of the Eska coal group do not crop out in the Buffalo am% but 
two of them have been e x p o d  in the powder-houm tunnel (pl. 16, x 
mc. 30). One bed is thin but the other contains 3.8 feet of clean cud 
in which there are two zones of ironstone concretions less than 6 inchesl 
thick. 

Diamond-drill hole 10 pawed through a group of four ma1 bedg 
between depths of 103.5 feet and 183 feet, that are rather similar to 
the four beds of the Eska coal group in drill hole B (pL 17). '6he 
thickest of the four beds conbins 5.7 feet of coal, mostly clean, that 
occum in two benches separated by 1.5 feet of m l y  claystone. The 
gmup of coal beds found between depths 04 551 and 595 feet is believed 
to lie on the opposite limb of an anticline and to ba a repetition of the 
group faund higher in the hole. 

A bed of the J~Cska coal goup  is e x p o d  on the southeast limb of the 
Rawson anticline at  locality 8. It is 4.2 feet thick m d  consists of four 
layers of clean coal, totalling 3 f ~ t ,  separated by three partings of 
maly clayatrone and claystone (pl. 16, sec. 31). Three W of the 
p u p  are q e e d  at Imality 11 (m. 33). The middle bed of the 
t h m  is 6.8 feet thick and consists of clean coal except for two park 
iw, T and 2 inchm thick. Ths lowest bed probably is equivalent te 
the bed at  the of the g m p  in the crosscut tunnel of the Matanmks 
Center mine (m. 32), which is 800 feet southwest of locality 11. J. J. 
Corey described most of the group in the e m x u  t as carbonawns shale 
with smms of bony coal. Tha E s h  oeaI gronp was not mined hera 

A thick coal bed is poorly exposed near the top of the bluff on the 
sautheast side of Moose Creek between locazities 3 and 4. It is believed 
ta be part of thn Eska coal group because it lies on the southeast limb 
and near the axis of the northenst-plunging Burning Bed anticline at 
a point northeast of and down the plunge f from exposum of the Bum- 
ing Bd cod p u p .  A section of this bed (pl. 16, sec. 29) shows 5.8 
feet of clean coal containing three claystone partings 2 to 3 inches 
thi* and a zone of irondone mncmtions. The reliability of the sec- 
tion is impdrsd by slumping in the outcrop, but the bed probably is .m 

at least 5 feet thick. A tunnel has been driven into the top of the bluff 
abmt 1,800 feet southwat of thia bluff exposure and dm on the south- 
sast h b  of the Burning Bed ~nticline, The tunnel, which is across 
the Premier f a d t  from locallity 2, reached a, bed of -1 5.7 feet thick. + 
It consists of f airIy clean coal, mmpt for several partings less than 2 
inches thick and some ironstone concretions. As shown on plate 8, the 
b d  evidently overlies the Burning Bed coal group md is hlieved ts 
be p a t  of the Eska coal group. 



The Midway bed was identified in three drill holes, three mines, and 
two outmop in the western part of the Wishbone Hill district. It 
averages 7.5 feet in thickness, including 6.0 feet of clean coal and 0.6 
foot of bony coal. The remainder, which a v m  0.9 foot, is com- 
monly in two or three partings of bone, coaly claystone, nnd claystona 
or layem of ironstone concretions. Although the bed appears to be of 
minable thickness and quality it has not been developed, probably 
because of the greater quantity of con1 in the Premier coal group. 

Smtions of the Midway bed measured in outcrops and mine workinp 
are shown in plate 16 (sec. 24-28], and those measured from cores are 
shown in plate 17. The bed is thickest in the Matanuska Cenhr mine 
and at Imality 11, where it meacsurea 11.9 and 9.7 feet qectiaely. 
Cores from drill bola 2 near the Buffalo mine indicate 7.4 feet of coal 
that contains a 5-inch parting of bone, wherean only 400 feet away 
in hole 1 a bed at this stratigraphic pasition is 4.7 feet thick and is 
eaprarated from a I-foot bed by 4.3 feet of shale. The lemr thickness 
in hole 1 is probably due to faulting, Only the appe~ part of the Mid- 
way bed in hole 10 ia dlown in plato 17; recovery of the lower part of 
the bed waa poor. - c o n  GROVP 

The Premier coal p u p  is 90 to 100 feet thick and consists of a d e s  
of relatively closely spa& beds. Outcrop and mine sections of the 
p u p  are shown in plate I& and drill-hole sections in plate 17. Clem 
coal constitutes about one-&id of the total thichess of the p u p ,  
except in the Matanush Center mine md at Iocalitp 11 northeast of 
the mine where coal makes up mom than two-thirds of tha exposed 
part of the group (pl. 18, sea. 15,161. The uppermost beds at these 
two localities are conceded. 

The ma1 beds in the Premier and Buffdo mines: as shown in =tiam 
1 and 4 (pl. 18 )  may be correlrtM bed by bed. The correlation ia indi- 
cated in the following tabulation. 

Cm&iim of mu1 beds in the Premier and Buado miass 

' Diamond-drill holes 8 and 9 in the BuEalo tima indicate that sl! 
additional maly section about 13 feet thick overliw bed 7; part of this 



few if any coal beds of min~bbbb thickness and quality. The strati- * 
graphic position of the exposed be& is unknown. 

m a  
 TORY OF D E W P M E N T  

i 
The history of commercial coal mining in the Wishbone Hill coal dis- 

trict began with the completion of the ChichIoon branch of the Alaska 
Rdlrosd ae fax as Mowe Creele in 191%. In that year a c d  mhe.was 
opened near the mouth of Moose Creek 4 the lhhertg Coal Mining 
Co., and for rt time this was t,he only local source of ma1 for the Alaskan 
Engineering Commission (later the AIaska Railroad) and civilian 
consumers in the Anchorage area, 

In 1017 the Ra-r mine on Moose C m k  and the Eska rnine on Eska 
h k  were opened, and coal from both mines was sledded wmmI rnih 
to the milroad. Difficulties soon beset the private company operating 
the Eska, mine, and in June the property was purchased by the Alaskan 
Engineering Cammission, which hgan to develop the mine to provide 
a reliable and adequate f u ~ l  supply for ithe railroad. A spur line con- 
necting the E s k ~  mine with the Chicknloon brrtnch mas eompletd dar- 
ing tha year. 

Between April 1918, when the Baxter mine cbsed, and O c b h  16180, 
when the Evan Jones mine was opened, the Eska mine was the only 
operating mine in the district. In October 1921 the Evan Jones mine 
began prolluctim mining, on completion of a railroad spur connecting 
it with the Eska spur. At the same time the Eska mine wtas c lod ,  in 
acxordanm with a Government policy of laving to privnta initiative 
the production of cod for the railmad as well as for private ns& Ij,b 
in 1921 the B e a r  mine was reopened, and work was started at the 
Bawmn mine on Moose Creek. 
In 1922 four mine3 in the district wem worked at variorts t h e a  dm- 

ing the year. Development at the present Premier mine was started 
on beds & of Moo= Craeg, and a small amount of coal was pfoduced 
at the Bsxter mine. The3 Evan Jones mine was operated nntil late in 
Novembar, when operations were suspended because of a fire. The 
Eska mine, which had been maintained in s sibndby condition, wae 
immediately reopened to maintain a fuel supply for the railrod. 
In 1W3 the Eska mine was opemked several months and then closed 

when the Evan Jonss mine resumed production in Jme. hvelopment 
work continued at the Premier mine, with a. shift of operations to beds 
on the weat side of Moaae Or&. The B h r  mine continued to pro- 
duca s m a l l  amount of coal, aided by the completion of a narrow-- 
m i l d  from the Chickaloon branch at the mouth of M m  Crmk. 
~ v e l o p ~ n t  work was started at the R a m n  mine, where s mall 
amount of coal was prdnoed and sledded to the milrod. 
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Xn 1924 the Evan Jones mine p d u d  m& of the ml by the 
sdroad and private cansnmars, but depelopment work and incidental 
ma1 production continued at the Baxtsr, Premier, and Rawson minee 
on Moose Creek. 
h 1925 the principal pduoers in the district w ~ r e  the Evan Jonm 

m d  Premier mines, helopment work at the Evan Jones mine in- 
&ded the driving of a long tunnel to coal beds on the north limb of 
lthe s~mcline, from which a11 s u k q e n t  production has come. The 
b m i s r  mine was in opemtion most of the year, but was closed t e m p  
~ r i 1 y  b e c a w  of legal difficulties. The B d r  mine ceased operatiom 
En May, and the Rawson mine produced no maI during the year. The 
nsmw-gap branch of the Alaska Railroad was extended up Moose 
m k  to the Matanuska Center mine, where new quipment was in- 
sbled and the mine put on a producing basis. 
h 192% the main production of the district came from the 

Jane+ Premier, and Matanuska Center mines. me Rawson mim pro- 
d u d  a little coal late in the year. During the year the narrow-gap 
track up Moose Cresk was replnced by standad-gage spur of the 
Abska Railroad as far as tthe Premier mine. 
In 1927 the bding prducem in the district were the E m  Jones 

and P m i e r  minw. Small amounts of ma1 were produced in the fht 
three months of tthe year at the Rawson and Mahnnska Center mines. 
In 1928 no mining was done rrt the Evan Jones mine during the 

frrst part of the year, but beR.lnning in May a contract with the Alaska 
Railroad was filled and other customers were supplied. At the 
Prsmier mine production continued at normal rate for the first half 
of tha year, bnt beginning in August production dwindled to a few 
tons derived from development work The old Doherty property on 
lower Mmse Creak, after 10 yssrs of inactivity, was reopened as the 
Piomer mine, and pradumd a few h n s  of coal in the course of d e  
oelopment work. The Rrtwon and Matmuska Center mines were 
both closed throughout the year. 
In 1929 the Evan Jones mine supplied coal for the r a M  a d  

other customers during the first half of the year but was idle the 
w n d  half. The Premier and Matanuska Center mines, which were 
under the same management, were pmtically idle the first part of 
the year but filled a contract for the greater part of the corrk used by 
the Aladm Railroad the second half. A little work wrts in pro- 
& the Pioneer mine. 
In 1930 the Evan Jon= and Premier miners were both in apemtion 

throughout the year, but the rsfe of production fluctuated greatly 
with the demand for mrL At the Pioneer mine development work 
continued but little coal was produd. 
In 1931 the chief producer of the district wss the Evan Jonw minq 
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which was awarded a contract far supplying 4 t o  the A l d a  Rail- * 
road. . Prohotion at the Premier mine waa at normal Tste during the 
ht pltrt of the year, but after completion of a contract with the 
mihad mining gradually came to a standstill, and the company made 
an mangemant whereby the Alaska Railroad agreed h keep the mine a 
pumped out, in return for the privilege of mining enough coal to - 
defray expnm. This arrangement was prompted by the dssim of 
milroad officials to prevent damage to surrounding 4 h d  that 
might result if the mine were allowed to fill with water. A anall 
amount of productive work was done at the Pioneer mine, but f i e  
Rawson and Matandm %tar mines were idle. 
In 1932 t h e  principal production of the district came from the Evan 

Jones mine. The Premier mine, which had hen virtually idle during 
much of the p d h g  yem, resumed production under new manage- 
ment in November. The mshbone Hill mine, adjacent to the Rawson 
p r o w ,  was opened md a m l l  amount of coal produced. 
In 1953 coal was produced at the Evan bones* Premier, and Wish- 

bone Hill mines The Evan Jmea mine operated 3 normal rate for 
9 months of- the year supplying the railroad and domestic markets, 
Difficulties for the new operators at the Premier mine early in the year 
mdtd in thn propew msrting ta the f o m  owners. No produc- 
tion was reported for a a-month period, after which work was sasamed 
by Ehe old company in June and continued tho@ November. Shortly 
thereafter, the drawing of pillars in a weakened a m  mused water to 
break into the mine, flooding the lower workings snd ending mining: 
operations, No a k p t  hm been made to dewahr the a i m  

T h e  newly opened Wishbone Hill mine p d t f a d  a few thous& 
tuna of c o d  during the year. 
In 1934 the Evan Jones mine continued 8s the principal produrn 

of the district, operating at full capacity most of the year. The 
Wishbone Hill mine produced 8 small amount of emf. early in the 
year and then c l a d .  Later in the ysar the mine was reopened by a 
n m  company, which did development work md produced m e  4, 

An event of 1934 that was to prove of imp&& in the later his- 
tory of the district wag the decision of fie Alaska Railroad to drive 
a new momcut tunad ta tap cod beds on the Government-omed Edsa s 
property. This decision wa,~ based on the fact that violent floods in 
1932 had washed out much of the railroad track to the old mine and 
done other serious damage, thereby eliminating the mine as an mer- 
pncy mum of f u d  and leaving the railroad dependent on a single * 
source, the Evan Jones mina AmordingIy, a new location w s  chmn 
at a higher level, the track relocated, and st c m m t  tunnel started 
toward beds of the Eska coal group. 
Ih 1935 all but a mall part of the entire ma1 production of the 

district eama from the E m  Jones mine; the only other production 



was from the Ramon mine, w h m  development work reaamed 
and S-U arnomofm~ mined ma aelimred the 4- w a d .  

At the Eska mine the new crwscnt tunnel waa cornpletd md de- . 
dopment &m%d on coal MB of the Eska group. 
In 193% tha Evan h e s  mine was again Pirturrlly the only producer 

in the district. At the Rawson mine a small amount of ma1 was pro- 
duced in the course of prospecting and development work. At the 
Eaka mine ahort entries w m  turned from the new c m w x t  tunnel on 
the coal beds of the Eska group and an airway was driven to the 
d a c e ,  thus placing the mine in condition to produca ma1 an short 
notice. 
Xn 1933 the Evan Jones mine was again the main produwr, operating 

steadily until Iata in October. On October 28 a violent explosion in 
the mine took tbe lives of 14 men md c a d  the immediate cessation 
of opemtioxl~. In this emergency the Eska mine was immediably 
placed in production to furnish the needs of the railmd. At the Raw- 
mn mine prospecting and development work continud, but practically 
no ma1 was mined. 
In 1938 the Evan Jones mine waa ;again the leading produrn in 

the district, despite tbe fact that it was c l o d  the first 3 months of 
the year as a result of the explosion in 1937. The Eska mine produced 
coal for railmad use until the Evan Jonm mine resumed normal pro- 
duction in April, after which it was p l d  in a standby condition. 
The Rawson mine p m d u d  a t3maIl amount of coal incidental to p- 
pecting and development 
In 1939 the Evan Jon= mine produced a11 but a smdI part of the 

coal m i n d  in the district, operating shadily except for ~everal wedm 
in midsummr when repaiw ta the plant were in progmm. No ma1 
was mined at the 3lawson property, production having stopped in 
Saptem'ber 1938. At the Eska mine a few hundred tons of coal ws~l 
mined in the murse of maintanma work required t;o keep the mine in 
standby condition. 
In 1940 the Evan Jones mine produced practim1l-y all the coal mind 

in the district. During the year, however, it k a m e  apparent to offi- 
cials of the Alaska Railroad that additional production waa needed ta 
meet the increasing needs resulting from aten&ve Government con- 
struction in the A n c h o r ~  area. Consequently the decision was made 
ta put the Esks mine into production, and a small amount of wal was 
mined Iata in &e year. 
In 1941 the Evan Jones mine continued as the leading producer in 

the district but was close2y followd by the Eaka mine, which had been 
placed in full-time production. Dwelopment work at E;sks includd 
the starting of m extansion of the cromut tunnel to ma1 beds on the 
north limb of the Wishbne Rill syncline and the sh&g of e slope 
on the beds being mined on the south limb. 
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In 1942. coal mining in the di~trict was p a t l y  stimulated by the 
demands d t i u g  from World War II. The Evan Jones and Eska ,a 
-mines phduced a t  increasing rates, and two mines on Moose Creek 
became produces. At the Premier mine a new campany began &- 
tracting &,t.h~t +mhd above watar level in the %odd workmm 
and the newly opened Buffalo mine began producing on a small scda zit 

In September heavy A d  on Moom Crwk damaged the railroad tracks 
Iseyond repair, making it necewwy for both mines ta m r t  to trnck 
haulage. 

As it was evident that the Alaska Railroad would be forced to 
operate the Eska mine at maximum capacity for aa indefmite period 
in order to maintain an adequate md supply, the decision was made 
ia 1942 ko increase the capacity of the mine by installjag mdern equip- 
ment and facilities. Awrdingly, construction was strlrtsd on a large 
dormitory and mess hall, power plmt, and washerg. 
h 1943 the main production of the district continued to come fmm 

the Evan Jones and Eska mines but was augmented to some extent by 
coal from the Premier and Buffdo minw. 
In 1944 only the Evan Jones, Eakta, and BdaIo mines were in pro- 

duction, opemtians at the Premier mine having Wppd in August 
1943. 
In 1946 the Evan Jones and Eska mines at inned to produce most 

of the cod from the district. The Buffalo mine was operated during 
most of the year but production was greatly curtailed and hal lp  
c a d  in November. 
In 1946 the Evan Jones mine continued to produw at as incmsing 

mte and was by far the largest producer in the district. The Eska 
mine operakd until tbe end of June and was then closed, mi1md 
officials having decided that privately operated mines could meet their 
coal requirements, which were being greatly reduced by conversion h 
dim1 power. 

k i n g  the period 1947-52 the Evan Jones mine fnrnished virtudly 
the entire pduction of the district, except for mall amounts maIt- 
k g  from desultory prospecting and development work at the Premier, 
BuBalo, md Knob Creek mines. 

The coal production of the Wmhbone Hill M c t  b summarized 
in table 3. Although it was possible to de-ine the approximate 
total production of the district prior to 1935, dab were hsuflicieat 
to show the annual production for the period 191G1934. During 5 

the period 193b1940 production remained fairly const~bnt, averaging 
about 65,000 tons per year, but beginning in 1941 production increased 
greatly under the stimulus of World War 11, so that for the period 
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194140 the annual average was nearly 162,000 tam. The rapid in- 
cmasa in population and industrid activiq, especially military con- 
struction, in the Anchorage area during and after the war created 
an i n e g  demand for coal f mrn the 17Tishbone Rill &strich The 
b m a s d  demand for fuel for heating and power production was met 
in part by conversion to oil, including the substitution of diesst for 
&am locomotives by the Alaska Xnilroad; nevertheless, production 
,records to the end of 1952 indicate thut the demand for wnl was still 
incmssing at that time. 

Although m l  was ~ r o d u d  from nine different mines in the 
district during the perid 1916-1952, no more than four were ever in 
opemtion at the same time. More than two thirds of the total output 
of tha district has come from the Evan JOIIAR mine, which dnring 
many years was virtudlp the sole producer. 

Reserves of economically valuable coal in the Wishbone Hill district 
were calculated from data obtained from outcrops, mine workings, 
rend drill bolos. As these data are avdlable for only pal% of the area 
beli~ved to be underlain by coal, it mas not pmible to give reliable 
estimates for the entire district.. Furthermore, because of uncertain- 
ties in correlation i t  was necessary in some areas to compute reserves 
by entire coal pups rather than by individual beds. T h e  figures: 
given in the following table are therefofore subject ta revisioti and 
extansion ssmom informatinn becomes available from further drill in^ 
and mine development. 

Although mme infornation w m  available an coal deposits in section 
10, T. 19 N., R 3 E., from a few outcrops along Knob C m k  and 
seveml diamond-drill holes in the southern part, the more complex 
structure indicated by the results of later prospting and mine devel- 
opment made it advisable to defer the evaluation of rsserveg in this 
.art- a&mm prL of the district until more &tailed mapping cam 



bie mmpletd. Similarly7 ~ C B U S B  of difficulti~ in correlating -1 
beds in drill holm along the southern margin of the district, no 
attempt WRS made to compute mserves in the araa south of the axis 
of the Wishbone Hill syncline as shown on platas 1 and 2 sxmpt in 
the vicinity of drill holes 9 to 12 west of Jonewille. 
In computing tonnap  the relatively mall amount of coal remain- 

ing in unmined pillars above existing gangocays wora not included, tm 
that  the figures given represent coal. in advance of gangway faces rn 
of July 1952, the date of the 11ttest mine m p s  avaiI~ble for this report. 
Beda averaging less than 2 feet in thickness were not included in the 
~e~ewe~.  Recause of the scarcity of data in most areas and the 
sxtrema changes in thicknms of the coal beds it  was not practicable 
to attempt to divide the reserves into thicknem categories. In con- 
vwting volumes to tonnage, one short ton of coal in place was a m e d  
t o  occupy 25 cubic feet, which cormponds to a specific gravity of 
slightly more than 1.28. 
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Calculations of reserves were made in general wmrdhg to p w  
-durea  adopted by the Geological Survey (Averitt and Berryhill, 4 
19L950, p. 8-11). In Gew of the 9carcitp of data and the diflerenws in 
.qudity and thicknes of the coal beds, none of the reserves were 
.classed as measured. The distinction between indicated a d  inferred 
reserves wa9 based in part on distance from poinh of measurement e 

and in part on the reliability of data. FOX example, in a few p1ace.n 
%here the average t h i c k  was based in part on rneasuremenh of 
;beds of doubtful identity, the reserves were classed as i n f e d ,  wad- 
1- of the distance from the outcrop. It WBS a h  deemed advisable 
in this field to Bxtend indieetsd reserves to a maximum oi only 2,000 
feet f ram points of observation, rather than the one-mile limit gener- 
:rally applied in larger meas of more uniform coal M s .  
As the computed reserves lie in several relatively small areas and 

in several overlapping c o d  beds, they were not represented on a map. 
Instead, s&cient description was included in table 4 to permit the 
loation of the areas by reference to the mmmpmying plogiernaps 
and to plates 19 and 20 showing fie mined-out me$s on various coal 
b d s  in the Eska and Evan Jones mines, rmpecti~ely. 
In riew of the folded condition of the c u d  bads and the considerable 

relief of the Wishbone Hill di&rict, no attempt m m d e  ta divida the 
coal in the various reserve amas into c%tegoriea b a d  on thicknew of 
overburden. A relative small tonnage probably lies beneath more 
&an 2,000 feet of overburden. The deepest cod in drill hole 12, neaar 
tba pclinal  a x i s  w& of J o n d l l g  was reached at a depth of nearly 
2,100 feet. It is estimated that &c~ut half of the total remmes of the 
dbkrict lie h e a t h  1,000 tu 2,000 feet of overburden, and half beneath 
Iw than 1,000 feet. 
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BURNING BE0 
COAL GROUP 

GENERALIZED SECTIONS OF TERTIARY FORMATIONS IN WESTERN PART OF 
WISHBONE HILL DISTRICT. MATANUSKA COAL FIELD, ALASKA 





DRILL HOLE* DR1LL HOLE 5 ORlU  HOLE 6 
Feet 

339.4' 
1.3 

1.1 

5.6 

34av 

DRILL HOLE 7 
. . Feet 

DRlLL HOLE 8 
Feel 

OFnLL HOLE LJ. 1 

Way or wwe 

TRUE-THICKNESS LOGS OF COAL BEDS IN DIAMOND-DRILL HOLES ALONG SOUTHEAST 
BASE OF WISHBONE HILL, MATANUSKA COAL FIELD. ALASKA 
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CfOCOOlCAL SURVEY 

JONESVILLE COAL GROUP 

21 22 23 

STRATIGRAPHIC 
POSlTlON UNKNOWN 

MIDWAY BED ESKA COAL GROUP 

-:+- <-- 
foot Fsn 

- 8:f 0s 
2.2 o* 

I .? 
1.9 

0.3 Iji 0.0 
2.3 1.7 0.5 

1.2 0.3 0.6 - - - - -  ..... ..-.- ..... -. .-* 3 0.1 0.6 ti3 

0.4 
0.6 

BEDS IN TSAOAKA CANYON AND MATANUSKA RiVER BLUFF 

.- 
h a t  

1.2 
0.2 
0.8 

1.8 

1.5 
0.6 

JontmvUle coal Eroup: 
Ouicrop at locallky 1 
Outcrop In bank d Moose Creek mldway between locslit les I a d  2 
Outcrop a l  Locnllty 1 

lrlldvay bed: 
Bed 5 oI Premier mine at cmascut tunnel 
Ouierop near Portal d W e r  mine a i  southwcd end d locality 4 
Bed 1 of Butfalo mine al  Craeacul runnel 
Bed 2 at Metanuska Center mlne at eromacut i u m e l  
Cutcrop at locnuty 11 

Erka coal Eraup: 
Outcrop in b l d t  h l w w n  I c x a I i ~ I a ~  3 r n d  I 
P w d c r  h w ~ e  tunnel at Bu l fdo  mine 
Outcrop al locality 8 
Meianuska Center mine at crouscut tunnel 
Outcrop UI I o e a l i ~  >I 

Burning U t d  E-l F O V p :  
Outcrop I n  as& a1 Moose Creek on opposltc slda ot Premler fnult 
f rom locality P 
Outcrop I n  mwtheaBl limb d Burning Bed antIclInc at locnll ly 3 
Ouicrcy In northwemt limb d Burn- a& mi lc l ine  at Iocali iy 3 
Wm~nnumLs Canter mine a1 erosmeut tunnel 

8td or unknown siratSgraphLc poaillon: 
Outcrop nenr mad. 4 0 0  11 weml ol north qur r le r  cornar aec. 27. T. )8., A. 2 E. 

B d s  In T~adaka Caoym and Mmunurlu River b l d f :  r t ra l1~rapMc position unlrnown: 
O u t c r o ~  i n  blutf d MacPnumkn RIver 150 fi wemi ol SE corocr  acc. 3. 
-r I ~ N . ,  R . 2  E 

10 Outcrop below G l e ~  Highway,  tn SPlI4 N W l I 4  8ec. 2,  T. ISM.. A .  !d E 
41 Doherty m h c  at parla1 
4% O r t c r o ~  i n  bmk on northwaat mido 01 Moose Creek 930 Tr N '10' E. of 

petal o l  Oaberty mine 
4 3  Outcrop oa northweal s ldr  04 Moose Creek 950 !t H. 600 E. of portal 

of mheny mlne 
44 Outcrop by tunnel 900 fr N. 40" E. at portal  ol Dahrrly mlne 

45 Outcrop by tunnel In moulhlucn wal l  or Taadaka Canyon. 310 h souih of 
NW corner N E l l 4  acc 3. T. 10 N.. R. 2 E. 

46 Outcrop In aouthwebi Wall of Tdbdake Canyon, 100 et west d NS corner #Wl  I 4  
8.c. 3. T. 10 N . R.  P E. 

47 O u t c r q  by tunnel In nor lhror l  wall of Teadaka Canyon. i n  SEI I4 Bee. 34. 
T 19 E l . .  R.2 E. 

BURNING BED COAL GROUP 
I 

, 
1 

34 35 36 37 

EXPLANATION 

Im 
Slt8htlv Dooy coal 

Ccaly claystone 

SECTIONS OF COAL BEDS IN WESTERN PART OF WISHBONE HILL DISTRICT, MATANUSKA COAL FIELD, ALASKA 

3685i7 0 - 56 ( JJI pocket) 
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MAP SHOWING MINED-OUT AREAS OF COAL BEDS IN THE ESKA MINE, WISHBONE HILL DISTR!CT. MATANUSKA COAL FIELD, ALASKA, IN JULY 1952 
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