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THE WISHBONE HILL DISTRICT, MATANUSKA COAL
FIELD, ALASKA

By Farrers F. Barnes and THoMAs G. PAYNE

ABSTRACT

‘The ‘Wishbone Hill district, 45 miles northeast of Anchorage in south-central
Alaska, lies on the north side of the Matanuska Valley near its lower end. The
district takes its name from the prominent conglomerate-capped hill that oc-
cuples its central part. Coal was first mined in the district in 1916 and produe-
tion has been continuous with one to four mines in operation at one time. In
an effort to stimulate production of coal to meet the increased demands resulting
from World War II, a core-drilling program and geological investigation of the
Wishbone Hill district, which includes the only known workable deposits of
bituminous coal in the Alaska Railroad belt, was undertaken in 1943 and 1944
by field umits of the Geological Survey and Bureau of Mines, cooperating agencles
of the U. 8. Department of the Interior,

The coal-bearing rocks of the district are Tertiary in age and include all grada-
tions from coarse sandstone and conglomerate to claystone; they are mostly
concealed by a mantle of Quaternary deposits or by a capping of younger Ter-
tiary conglomerate. On the basis of both regional and detailed geologic studies
two significant changes in the stratigraphic section of the lower Matanuska
Valley are proposed. A series ¢f arkosic shales and conglomerates that are ex-
posed on the north side of the Mutanuska Valley and have heretofore been con-
sidered to be Tertiary in age and at least in part equivalent to the coal-bearing
Chickaloon formation, are belleved by the present writers to lie at the base of the
underlying Matanuska formation and to be Late Cretaceous in age. The second
change proposed is the division of the Eska conglomerate, which overlies the coal-
bearing Chickaloon formation, into an upper Tsadaka formation and a lower
Wishbone formation on the basis of lithologic difference and the presence of an
unconformity between them.

The dominant structural feature of the district is the Wishbone Hill syncline,
a canoe-shaped fold that extends the full length of the district and is cut into
segments by several major transverse faults. Mining has been restricted largely
to the ends and to the moderately dipping north limb of the fold, as the outcrop
of the south limb of the coal-bearing formation is deeply buried beneath slide
rock and glacial deposits.

The coal-bearing Chickaloon formation is at least 3,000 feet thick, but the coal
beds are confined largely to the upper 1,400 feet, where they occur mainly in four
groups of three or more beds, which have been named, in descending order, the
Jonesville, Premier, Eska, and Burning Bed coal groups. Principal production
to date has been from the Premier group in both the eastern and western parts

-of the district, and from the Eska group in the eastern part.
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2 WISHBONE HILL DISTRICT, MATANUSEA COAL FIELD, ALASKA

The coal beds range from a few inches to 23 feet In thickness; however, the
thicker beds include so many partings that in no instance has more than about
12 feet of coal been mined from a given bed. The coal of the district is high-
volatile B bituminous in rank and ranges in heating value, with a few exceptions,
from about 10,500 to 13,000 Btu, on an as-received basis.

Estimated remaining reserves in advance of mine workings as of July 1952,
excluding relatively unknown areas on the south limb of the Wishbone Hill
syncline and in section 10 at the extreme northeastern end of the district, aggre-
gate about 102 million tons, of which 50 million tons is classed as indicated re-
serves and 52 million tons as inferred reserves.

INTRODUCTION
PURPOSE AND SCOFPE OF THE REPORT

The field work on which this report is based was undertaken orig-- |

inally during World War II when an urgent need arose for determin-
ing where the largest amount of coal could be developed in the
shortest possible time for the use of the Army, the Alaska Railroad,
and other agencies vitally concerned with the war effort. Mimeo-
graphed reports on field work in 1943 and 1944 were released in 1945
to make basic information quickly available to leaseholders and others
interested. .

The present report embodies the complete results of this earlier
work as well as subsequent work in the area by the Geological Survey,
supplemented by the results of diamond drilling by the Bureau of
Mines, and is intended to bring up to date existing knowledge of
the geology, coal resources, and mining activities of this important
coal field, which in 1953 contained the only producing bituminous
coal mines in the Territory.

LOCATION AND EXTENT OF THE DISTRICT

The Matanuska coal field is in the Matanuska Valley of south-
central Alaska, near the head of Cook Inlet and about 45 miles north-
east of Anchorage. The field as here defined includes the Anthracite
Ridge and Chickaloon districts in the upper or eastern part of the
valley, the Wishbone Hill district in the lower part of the valley
proper, and the Little Susitna district, which lies along the northern
edge of the lowland area north of Knik Arm. The Wishbone Hill
district embraces an area about 8 miles long and 114 miles widé that
extends northeastward along the north side of the valley from a point
about 6 miles north of Palmer, the business center of the Government-
sponsored Matanuska Valley agricultural colony. The location of
the area mapped in the present investigation is shown in figure 1.

Although the district, as determined by the known extent of coal-
bearing rocks, extends from Moose Creek on the west to the head of
Knob Creek on the east, the present report is limited to the area
west of or in the immediate vicinity of Eska Creek. Although some
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field work was done on Knob Creek in the early part of the present
investigation, later extensive prospecting and mine development have
indicated that the area west of Knob Creek is geologically so complex

“that it was decided to defer its discussion until it could be mapped

and studied in more detail.
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4 WISHBONE HILL DISTRICT, MATANUSKA COAL FIELD, ALASKA
PREVIOUS INVESTIGATIONS

The first study of the coal in the Matanuska field was made in 1905
by Martin (1906), who took detailed measurements and samples- of
many coal beds. In 1906 the Matanuska Valley was mapped topo-
graphically and geologically on a reconnaissance scale of 1:250,000,
and an approximately complete section of the Mesozoic and Tertiary
rocks was described for the first time (Paige and Knopf, 1907). In
1909 a topographic survey of the lower Matanuska Valley was made
by R. H. Sargent, and the resulting map, on a scale of 1: 62,500, was
published in 1912. In 1910 a more detailed geologic survey, using
Sargent’s map as a base, was made by Martin and Katz (1912):
Progress reports on mining developments in the Matanuska Valley
were made in 1917 by Martin (1919) and in 1918 and 1919 by Chapin
(1920, 1921). In 1932, a diamond-drilling project, part of a Gov-
ment program to stimulate the development of mineral resources
in the Alaska Railroad belt, was carried out in an attempt to locate
minable coal beds west of Moose Creek, at the extreme southwest
end of the Wishbone Hill district (Waring, 1934). Five holes were
drilled about 114 miles southwest of the Premier mine (pl. 2), but
no minable coal beds were found.

The most recent study prior to the present investigation was that
of Tuck (1937), who in 1934 and 1935 made a topographic and geologic
survey of the eastern part of the district.

FIELD WORK

The present report is based on surface and underground mapping
by the Geological Survey, supplemented by data from diamond drill-
ing and trenching by the Bureau of Mines, during the period 1943-
1951. In addition the senior author, as geologist for the Alaska
Railroad from 1939 to 1944, mapped the underground workings and
geology of the Eska mine and did considerable surface prospecting
on the Eska reserve in the eastern part of the district.

FIELD WORK BY THE BUREAU OF MINES

In 1942 the Bureau of Mines began a program of drilling and
trenching along Moose Creek to extend the known area of minable
coal deposits and prove additional tonnage as a stimulus to mine
development and coal production to meet the increased demands
created by World War II (Apell, 1944). The drilling program on
Moose Creek was carried on from November 1942 to August 1943 and
from June to December 1944. During this time 11 holes were drilled
and several trenches were completed. In 1945 operations were shifted
to the eastern part of the field, where 3 holes were drilled on the Eska

)



INTRODUCTION B

reserve, in the NW14 sec. 16, T. 19 N., R. 3 E. (Barnes, 1051; Jolley,
Toenges, and Turnbull, 1952, p. 6-18). No drilling was done in 1946,
but in 1947 and 1948 the Bureau completed 9 holes in the extreme
northeastern part of the district to test for additional coal reserves
beyond the limits of the old Eska East mine workings (Jolley,
Toenges, and Turnbull, 1952, p. 19-27). In 1949 drilling operations
were shifted to the southern margin of the district west of Jonesville,
where the problem was to test for minable coal beds to the west along
the strike from old mine workings. There the outcrop belt of the
coal-bearing formation is completely buried by glacial deposits, talus,
and landslide debris. In 1950, 1951, and 1952 drilling was extended
to the north and west into areas where the coal-bearing formation
is overlain by a thick cap of conglomerate that forms the central
part of Wishbone Hill.

FIELD WORE BY THE GEOLOGICAL BURVEY

In 1943 the Geological Survey undertook the completion of Jarge-
scale mapping and detailed study of the coal deposits of the Wishbone
Hill district, where drilling by the Bureau of Mines was already in
progress. T. G. Payne, chief, D. M. Hopkins, Jacob Freedman, and
E. R. Larson began mapping the northwest margin of the district
between the Premier mine on Moose Creek and the west boundary of
the Evan Jones lease (Anchorage 05476). In 1944 Payne and Hopkins
completed the mapping of the western part of the district, and F. F.
Barnes and F. M, Byers, Jr., completed the mapping of the eastern
part. Work in the eastern part of the district included the detailed
tracing of coal beds in areas where isolated exposures had been mapped
by Tuck (1937). In this work a small posthole auger was used to
locate and trace coal beds and determine the character of bedrock
under several feet of overburden. By this means it was possible not
only to expose coal sections at critical localities with a minimum of
trenching, but also to trace quickly certain concealed coal beds for
considerable distances where the amount of time and labor involved
in trenching would have been prohibitive.

In 1945 the district was visited by Barnes at frequent intervals be-
tween June 7 and October 17 for the purpose of checking on mining
developments, collecting additional field data, and furnishing geo-
logical guidance for the diamond-drilling project of the Bureau of
Mines on the Eska reserve. In 1946 no field work was done, and in
1947 and 1948 only a few days were spent in the district each season
by Barnes to.check the results of diamond drilling east of Eska Creek
by the Bureau of Mines and to assist in the correlation of coal beds.
In 1949 Payne spent & month in the district studying the complicated
structure indicated by drill records in the area west of Jonesville.
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In 1950 Barnes, assisted by D. M. Ford, spent the season furnishing
geological assistance for the drilling project and collecting additional
geologic data in various parts of the district; in 1951 the same work
was continued by Ford.

ACENOWLEDGMENTS

~ Officials of all the operating mines in the district, which included at
various times the Buffalo and Premier mines on Moose Creek and the
Evan Jones, Eska, and Knob Creek mines in the eastern part of the
district, cooperated fully in furnishing mine maps and other data, in
permitting access to underground workings, and in extending every
courtesy and hospitality to the field personnel. G. O. Gates, under
whose general supervision most of the field work was done, has given
many helpful suggestions both in the field and in the office.

GEOGRAPHY

TOPOGRAPHY

. A prominent topographic feature of the lower Matanuska Valley is
Wishbone Hill, a conglomerate-capped synclinal ridge that extends
from the Premier mine on Moose Creek northeastward about 8 miles to
Eska Creek, occupying the greater part of the area described in this
report (pls. 1, 2). The main ridge rises gradually northeastward,
from an alt,ltude of 900 feet near the Premier mine to 2,333 feet at lts
highest point northwest of Jonesville. Bold conglomerate cliffs cap
the northern and southeastern slopes of Wishbone Hill, converging
to the northeast around the summit peak to form the “wishbone” pat-
tern from which the hill takes its name (Tuck, 1937, p. 196). The
cliffs on the southeast have a sheer drop of more than 300 feet, forming
a prominent landmark that can be seen for many miles up and down
the Matanuska Valley. Within these outer cliffs several concentric
lines of hogback ridges, ledges, and dip slopes clearly reflect the south-
westward-plunging synclinal structure of the eastern part of Wish-
bone Hill.

. On the north Wishbone Hill is seps.rated from the rugged Talkeetna
Mountains by a broad valley drained by tributaries of Eska and Moose
Creeks; on the east and west it terminates at the sharply incised val-
leys of Eslm and Moose Creeks, respectively; and on the south it is
flanked by a broad relatively flat surface with a general altitude of
about 800 feet that is broken by many deep irregular depressions, some
containing lakes. This surface, which extends southward 114 to 2
miles to the Matanuska River, is underlain by a mixture of terrace
gravels and glacial deposits, such as cover the greater part of the lower
Matanuska Valley.

41
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GEOGRAPHY 7
DRAINAGE

Moat of the north slope of Wishbone Hill and the basin occupied
by Wishbone Lake drain southwestward into Moose Creek. All the
district east of Jonesville drains into Eska Creek. Most of the south-
ern slope of Wishbone Hill is drained by several small streams that
enter morainic swamps and lakes with no surface outlet.

Both Eska and Moose Creeks head in the rugged Talkeetna Moun-
tains, whose southern front is about a mile north of Wishbone Hill,
and flow southward to join the Matanuska River, The character of
Eska Creek was described by Tuck (1937, p. 187) as follows:

The headwaters of the creek, although small in area, are often subject to
torrential rainfalls, whose destructive influence is uvsually most severe in the
portion of Eska Creek * * * [adjacent to Wishbone Hill]. Here the flood plain
of Eska Creek is only about 200 feet wide, with steep walls on both sides. During
early mining operations some of the camp and mine buildings were constructed
on this flood plain, but high water has destroyed most of those so situated, The
greater part of the high water comes from the west fork of Eska Creek [since
named Gloryhole Creek], which drains a part of the area on the north side of
Wishbone Hill but has its source in a large spring on the south side of the
Talkeetna Mountains. Generally, August is the period of high water, although
destructive floods usually occur only every 3 or 4 years.

Severe damage to the old Eska mine surface plant by a flood in 1932
prompted the abandonment of the old mine opening and the driving
of a new tunnel farther west and well above creek level.

Moose Creek also has had a history marked by disastrous floods in
which the chief damage has been to the railroad spur serving the coal
mines that have operated at various times along its course. In 1941,
after several years of inactivity, a revival of interest in mining on
Moose Creek led the Alaska Railroad to rehabilitate the track to the
Premier mine. The following year a particularly violent flood so
severely damaged the track and road bed that all plans for keeping
the line in operation were abandoned.

CLIMATE

The Matanuska Valley, although adjacent to tidewater, lies so far
from the open ocean that its climate is more like that of the interior
than that of the coast. The summers are mild, and the winters are
gevere, low temperatures often being accompanied by strong down-
valley winds. The temperature may rise well above 80° F' in summer
and drop below —30° F in winter, but these extreme temperatures
are exceptional. In the following table temperature and precipita-
tion data are given for the Weather Bureau station with the longest
record in the Matanuska Valley, situated near the village of Matanuska
about 10 miles southwest of the Wishbone Hill district. Although
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this station is a few hundred feet lower and several miles closer to the
coast than the Wishbone Hill district, the climatic conditions probably
are not very different.

* Although the average annual precipitation is less than 16 inches, the
density and rapid growth of vegetation is comparable with areas with
much heavier rainfall in the United States. Factors which contribute
to the humid aspect of the lower Matanuska Valley probably include
the comparatively low mean temperatures of the summer months with
eonsequent small loss of moisture through evaporation, long hours of
sunlight resulting in accelerated plant growth, and the concentration
of heaviest precipitation in the summer months,

'i‘m 1.—Mean temperature and precipiiation in the lower Matanuska Valley,
Alaska

Compnted from records of U. 8, Wmther Bureau station Matanuska Valley No

n Cli.mal.o!oclml data, Alaska Annual Summary 1948: U. 5. Weather Bureau, 1
Temper- | Precipl- Temper- | Precipl-
aturs tatlon atira tatlon
(° F) | (inches) (* F) | (inches)
I 13.4 0.87 || Augost. ... s 55.3 2.87
10.2 .73 || September. e eaeaae.. 47.5 2,65
24.2 .58 || Octot 88,4 1.77
M3 .41 || Novemher____ .. ... 2.7 .05
46.9 .70 || D 13.6 .08
55.3 115
61.5 L6 Annnal 35.6 15. 60
Years of record. ..o eceecnnes 20 28
VEGETATION

Timberline in the Cook Inlet region is at a general elevation of
2,000 to 2,500 feet; consequently all the area of this report except the
highest part of Wishbone Hill is theoretically below timberline.
However, although a few scattered patches of timber are present on
the lower slopes of Wishbone Hill, the greater part of the district is
devoid of all except scattered trees and smaller growth, either as a
result of fires or because of unfavorable soil conditions. The trees
include spruce, birch, and cottonwood. Few of the spruce trees exceed
1 foot in diameter, but cottonwood trees 3 or 4 feet in dinmeter are not
uncommon. Very little mine timber is obtained locally, most of that
used being shipped in from other parts of the valley, particularly from
the agricultural area around Palmer where it is a byproduct of land-
<learing operations. Smaller growth includes alder and red birch,
generally occuring in dense thickets, high-bush cranberry, wild rasp-
iberry, blueberry, wild rose, and devilsclub, Otherwise bare areas are
covered with a dense growth of native grasses and fireweed, which
by midsummer locally attains a height of 6 feet or more.

)
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GEOLOGY 9

ACCESSIBILITY

The lower Matanuska Valley is served by the Alaska Railroad, a
branch of which extends 22 miles from Matanuska station through
Palmer to Eska and Jonesville, in the eastern part of the Wishbone Hill
district (pl. 1). A spur line formerly served mines along Moose
Creek, at the west end of the district, but was abandoned in 1942 be-
cause of recurring destructive floods. The Glenn Highway, a year-
round hard-surfaced road connecting the Anchorage-Palmer Highway
with the Richardson Highway and the interior of Alaska, passes about
2 miles south of Wishbone Hill. Branch roads connect Iska, Jones-
ville, and the Premier and Buffalo mines on Moose Creek with the
main highway. After abandonment of the Moose Creek spur, coal
from the Premier and Buffalo mines was hauled by truck, either
directly to markets in Palmer and Anchorage or to a loading chute at
the mouth of Moose Creek where it was transferred to railroad cars
on the branch line.

GEOLOGY

GENERAL FEATURES

The Wishbone Hill district lies in an area of moderately deformed
clastic rocks of Tertiary age, ranging from claystone to conglomerate,
which, together with the surrounding and presumably underlying
Upper Cretaceous rocks, have been depressed between parallel zones
of major faulting that border the Matanuska Valley and separate the

. Cretaceous and Tertiary rocks from the older and more highly de-

formed metamorphic and intrusive rocks of the mountains on either
side. The great fault that extends for many miles along the north

. side of the valley has been best described north of Castle Mountain,

in the upper-Matanuska Valley (Martin and Katz, 1912, p. 72-73),
and is herein named the Castle Mountain fault. The Talkeetna Moun-
tains to the north are composed of granitic and gneissic rocks, in-
cluding granite, quartz diorite, and quartz monzonite; the Chugach
Mountains to the south consist of greenstone, diorite, and interbedded
slate and graywacke. To the east of the Wishbone Hill district the
Cretaceous and Tertiary rocks of the Matanuska Valley have been
extensively intruded by masses of diorite porphyry, andesite, gabbro,
and diabase. The only known igneous rocks within the Wishbone
Hill district are a few small basic dikes. To the west of the district
a mantle of glacial deposits covers all but a few small scattered areas
of Tertiary rocks. Within the district bedrock is largely concealed by
Quaternary glacial and alluvial deposits, which cover all but the
steeper slopes. The lower slopes of Wishbone Hill are covered with
& mantle of loose debris, mainly conglomerate blocks, that has either
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accumulated as talus or, as in the area around Jonesville, resulted from
extensive landslides.

The general succession of rocks in the Wishbone Hill district is
given in the following chart :

Stratigraphic sequence of rocks in the Wishbone Hill district

» Thickness
Age Formstlon Character (Feet)
Quaternary, Allavium, terrace gravels, and moraine
deposits,
|——Unconformity.
Tsadaks formation. Go’m conglomerale, sandstone, siit- 7004
|=——Unoonformit
Tertiary. Wishbone Iomgon. Medium- to fine-grained y 8504
sandstone, and mlnnrehntnm %
Chickaloon formation, Interbedded cla siltstone, sand- | 3, 000-5, 000
. formity stone, and .
Upper Matanuska formation, Shale and sandstone. 4,000+
Oretaceous,
Upper %r;.\tn- Arkose Ridge formation, Arkose, conglomerate, and shale. 2, 000+
ceous
STRATIGRAPHY

CRETACEOUS SYSTEM
ARKOSE RIDGE FORMATION
An assemblage of arkose, conglomerate, and shale more than 2,000

feet thick lies in a belt extending along the northern border of the
Matanuska Valley west of the Chickaloon River. In the vicinity of

Moose Creek the formation is somewhat more than 1,500 feet thieks..

These rocks were described by Martin and Katz (1912, p. 39-40) as
follows:

The arkose, conglomerate, and shale are highly indurated, in this respect, as
in other lithologie characteristics, differing from the other Tertiary rocks -* ® *,

The rocks exposed on the ridge north of Moose Creek are principally arkose,
with a few beds of shale. The arkose is fine grained and conglomeratic in
places, but the conglomeratic feature nowhere predominates. The rocks have a
dark-brown to gray color and contain all the essential constituents of granite,
Quartz, feldspar, hornblende, biotite, and chlorite ¢an be easily recognimed.
Locally the feldspar is much kaolinized. The chlorite gives the whole rock in
places a greenish tinge. Much of the arkose somewhat resembles an igneous
rock. Some of it is so much like granite in appearance that its sedimentary
character is recoguizable only by a few rounded pebbles and carbonized plant
remains. On the other hand, the arkose grades into conglomerate so that no
definite line can be drawn between them.

As these rocks are distinct from all other rocks in the region and are
typically exposed on Arkose Ridge, northwest of Wishbone Hill, they
are considered as a separate unit and here named the Arkose Ridge
formation.

i
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On the north side of Arkose Ridge the Arkose Ridge formation is
believed to rest with sedimentary contact on an even surface of granite
of the Talkeetna batholith. The evidence for this conclusion, as given
by Martin and Katz (1912, p. 41) includes the uniform parallelism of
the contact with the bedding in the arkose and the lack of any indica-
tion that the granite was intruded into the arkose. On the south side
of Arkose Ridge the formation is in fault contact with the Chickaloon
formation of Tertiary age and the Matanuska formation of Late
Cretaceous age. On the basis of a few plant fossils in two collections
examined by Knowlton and Hollick, the arkosic rocks were determingd
to be probably Eocene in age (Martin and Katz, 1912, p. 42). Martin
and Katz, and later Capps (1927, p. 40), expressed the belief that
these rocks include the basal beds of the Tertiary system and are at
least in part equivalent to the Chickaloon formation and possibly
the Eska conglomerate of the Wishbone Hill district.

After making detailed studies of the Chickaloon and overlying
formations and comparing them with the arkosic rocks, the present
writers are inclined to question any equivalence in age, particularly
in view of the fact that Roland W. Brown of the Geological Sufvey
has recently reexamined the fossil collections and concluded that they
could be either Cretaceous or Tertiary in age. Consequently there is
no compelling reason for considering the Arkose Ridge formation to
be Tertiary in age. In fact, the following several lines of evidence,
in the opinion of the writers, point to its being not only older than
the Chickaloon formation but possibly, at least in part, older than
the Matanuska formation.

1. The rocks of the Arkose Ridge formation are much more highly
indurated than those of the Chickaloon formation. As the arkosic
rocks are not strongly deformed or otherwise metamorphosed, the
greater degree of induration strongly suggests greater age.

2. In gross lithologic characteristics the Arkose Ridge formation
differs greatly from the Chickaloon formation, Asthe two formations
are in juxtaposition along the Castle Mountain fault it is difficult
to believe that the differences represent a lithic facies change. It
seems more likely that they represent different periods of sedimenta-
tion. '

3. On the north side of Arkose Ridge the Arkose Ridge formation
is in sedimentary contact with granite of the Talkeetna batholith,
which was intruded probably in Middle and early Late Jurassic 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 fact that the Matanuska formation is
present in great thickness only a few miles away in the Matanuska
Valley, the first interpretation seems more plausible.

388567—b6——2
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4. During investigations in 1952 in the northeastern headwaters of
the Matanuska River and adjoining parts of the Nelchina area, Arthur
Grantz of the Geological Survey mapped a laterally persistent unit
consisting of 50 to 650 feet of arkosic sandstone, conglomerate, and
shale. This unit was found to underlie or form the basal part of
the Matanuska formation, and to lie on an erosion surface that trun-
cates formations ranging from Early Cretaceous to Early Jurassic
in age. The similarity of this unconformity to the one at the base
of the Arkose Ridge formation on Arkose Ridge, as to character,
age of the underlying rocks, and lithology of the overlying rocks,
strongly suggests that the erosion surfaces in the two areas are the
same and that the Arkose Ridge formation is correlative with the
arkosic unit of the Nelchina area, which is of undoubted Late
Cretaceous age.

5. Along the southern boundary of the Wishbone Hill district,
both in the Eska area and in the north bluff of the Matanuska River
below Moose Creek, the Chickaloon formation appears to rest directly
on the Matanuska formation. The nature of the contact is not known,
as it is not exposed, but the presence of outcrops of the two forma-
tions within short distances of each other indicates that the Arkose
Ridge formation is either absent in this area or underlies at leust
the upper part of the Matanuska formation. As its absence would
require the presence of a fault of considerable magnitude or a major
unconformity, for either of which evidence is completely lacking, it
seems logical to conclude that the Arkose Ridge formation lies lower
in the section.

In view of these interpretations which, although not conclusive, seem
best to accord with available information, the Arkose Ridge forma-
tion is tentatively assumed by the writers to underlie the Matanunska
formation and to be Late Cretaceous in age.

MATANUEEA FORMATION

An Upper Cretaceous unit of shale and sandstone, named the
Matanuska formation by Martin (1926, p. 317), is widely distributed
in the Matanuska Valley. Rocks of this formation are exposed to
the south, east, and probably to the north of the Wishbone Hill dis-
trict and presumably underlie the entire area of the Tertiary coal-
bearing rocks. The contact between the Cretaceous and Tertiary
rocks has not been observed in this district, but its approximate posi-
tion has been determined within fairly narrow limits from scattered
outcrops and is shown on plate 1.

The most complete section of the Matanuska formation is exposed
in the gorge of Granite Creek about 2 miles east of Eska, where it
has an aggregate thickness of at least 4,000 feet (Martin and Katz,

“¥
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1912, p. 34). The lower half is practically all shale and the upper
half is interbedded sandstone and shale, the sandstone predominating,
A few thin conglomerate beds are included.

- The Late Cretaceous age and marine origin of the Matanuska for-
mation has been established from fossils, among which /noceramus
is the most widespread and abundant genus. The Upper Cretaceous
rocks differ lithologically from the Tertiary rocks: the shales of the
Matanuska formation are readily distinguished by their darker color,
greater hardness, and platy fracture, and the Upper Cretaceous sand-
stones are in general darker, harder, and more evenly bedded ; never-
theless great care must be taken in field mapping to distinguish certain
isolated outcrops of exceptionally hard Tertiary sandstone from those
of Cretaceous age. Other criteria for distinguishing the Upper Cre-
taceous rocks are the absence of coal and the presence of marine

fossils.
TERTIARY SYSTEM

The Tertiary rocks of the lower Matanuska Valley were described
by Martin and Katz (1912, p. 89-54) as including three nonmarine
sedimentary formations—an unnamed assemblage of arkose, con-
glomerate, and shale; the Chickaloon formation; and the Eska con-
glomerate. The arkosic sequence, named the Arkose Ridge formation
and believed by the present writers to be Cretaceous in age, has been
described in the preceding section.

The Chickaloon formation in the Wishbone Hill district comprises
at least 3,000 feet, and possibly as much as 5,000 feet, of interbedded
claystone, siltstone, and sandstone and includes several groups of
valuable coal beds in its upper part.

The Eska conglomerate of Martin and Katz has been found in the
present investigation to be divisible, at least in the Wishbone Hill
district, into two formations. The division is based on lithologic dis-
similarity and evidence of a distinct angular unconformity. To the
lower unit, which is well consolidated and consists of about 1,850 feet
of pebble conglomerate with many beds and lenses of sandstone and
finer clastics, the name Wishbone formation is here applied. The less
indurated upper unit, of undetermined thickness but including several
hundred feet of boulder-cobble conglomerate, sandstone, and siltstone,
is best exposed in Tsadaka Canyon on lower Moose Creek, and is
herein named the Tsadaka formation.

The Chickaloon and Wishbone formations probably are Paleocene,
or possibly early Eocene in age, and the Tsadaka formation, Eocene
or younger. The older formations have undergone essentially the
same deformation as the underlying Cretaceous rocks, whereas the
Tsadaka formation is only mildly folded. ‘The unconformity at the
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base of the Tsadaka formation is believed to represent the Laramide
orogeny.

It has been generally assumed by earlier writers that the coal-
bearing rocks throughout the Cook Inlet—Susitna lowland are all of
essentially the same age, the difference in rank of the included coal
being related to degree of deformation. For example, the rela-
tively flat lying coals of the Little Susitna and Homer districts are
subbituminous, whereas the more highly deformed beds in the Wish-
bone Hill and Chickaloon districts are bituminous or higher in rank,
Recent studies, however, have suggested the possibility that the dif-
ference in rank may be due to a difference in age rather than degree
of deformation. Detailed studies of beds in all parts of the Wish-
bone Hill district have revealed no significant difference in rank be-
tween highly folded and faulted coal beds and those that have been
only moderately folded. Furthermore, although present evidence is
not conclusive, the structure of beds exposed at the east end of the
Little Susitna district* suggests that the subbituminous eoal-bearing
beds of that area overlie a thick conglomerate series that appears to
be identical with the Wishbone formation of the Wishbone Hill dis-
trict, which in turn overlies the bituminous coal-bearing Chickaloon
formation. The possibility is therefore suggested that coal series of
two different ages, the younger possibly correlative with the Tsadaka
formation, are present in the Cook Inlet-Susitna lowland, and that
higher-rank coal, correlative with the Chickaloon, may unlerlie the
subbituminous coal-bearing beds of the Little Susitna, Homer, and

other districts.
CHIOKALOON FORMATION

The Chickaloon formation in the Wishbone Hill district comprises
between 3,000 and 5,000 feet of claystone, siltstone, sandstone, a few
thin beds of fine-grained conglomerate, and many beds of coal. The
formation is of continental origin and contains an abundant flora that
may be either Paleocene or Eocene in age. Although the Chickaloon
formation probably underlies the entire district, it crops out mainly
in peripheral areas around the great mass of conglomerate that covers
the central part of Wishbone Hill. It is also exposed at scattered
points along Moose Creek and some of its tributaries from the north-
west, and along Eska, Gloryhole, and Knob Creeks.

Minable coal beds are confined largely to the upper 1,400 feet of
the formation, where they occur in several more or less well-defined
groups separated by comparatively thick sections of strata containing
little or no coal. A few scattered thin coal beds are present in the

1Barnes, F, F., 1958, Prellmipary report on the Little Busitna distriet, Matanuska
coal fleld, Alaska : U, B, Geol. Burvey open-file report, p, 4-0.
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lower part of the formation. Concretionary iron carbonate, or iron-
stone, in thin layers and nodules or irregularly distributed masses

‘ranging from a few inches to‘several feet in diameter, is widespread

in all the strata, including the coal. Petrified wood occurs }oca]ly,
particularly near the Eska and Chapin coal beds. Impressions of
fossil leaves are especially abundant in the roof rock of the coal seams.

AREA NOKRTH OF WISHBONE HILL

The lower part of the Chickaloon formation, below the coal-bearing
section, is exposed north of Wishbone Hill, along Eska and Gloryhole

‘Creeks. Scarcity of outcrops and complex structure prevented ac-

curate determination of thickness; however, unless faulting and fold-
ing have caused a large amount of duplication, at least 3,000 feet of
strata are represented by outcrops along Gloryhole Creek. There the
formation consists of dark purplish-gray claystone and silty claystone,
with minor interbedded siltstone and sandstone. Locally the sand-
stone grades into fine conglomerate.

In the western part of the district the lower part of the Chickaloon
formation is exposed along Moose Creek between the Castle Mountain
fanlt and Wishbone Hill, along Premier Creek, and along other creeks
between Moose and Premier Creeks. In this area the minimum thick-
ness of Chickaloon strata below the coal-bearing section is about 3,500
feet, and the rocks are coarser grained in gross aspect than those ex-
posed along Eska and Gloryhole Creeks. Sandstone and conglomerate
constitute more than half of the exposed section. A coaly unit about
20 feet thick, consisting of coaly claystone, bone, and thin beds of coal,
lies at the base of the exposed section just south of the Castle Moun-
tain fault. The coal-bearing part of the Chickaloon formation ap-
parently has been entirely eroded from the area northwest of Moose
Creek.

WISHBONE HILL AREA

The upper, or coal-bearing, part of the Chickaloon formation, about
1,000 feet in minimum thickness, is exposed on the flanks of Wishbone
Hill. It consists in general of poorly stratified claystone, siltstone,
light-gray to buff sandstone including local lenses of conglomerate
and conglomeratic sandstone, and coal. The clastic rocks intergrade
both laterally and across the bedding. The claystone of the upper
part of the formation is generally lighter in color than that of
the lower part and commonly contains scattered thin coal streaks
and irregular fragments of carbonaceous matter. Locally, by in-
crease in coaly material, claystone grades progressively into coaly
claystone, bone, and coal. The sandstone in general is feldspathic
and poorly indurated, but locally contains large resistant masses ce-
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mented by iron and calcium carbonates. The conglomerate lenses con-
sist of a sandy matrix in which are embedded cobbles, pebbles, and
granules of vein quartz, chert, volcanic and metamorphic rocks, and
fragments of clay rocks of local origin.

Individual beds in the Chickaloon formation, including the coal,
are not notably persistent, tending to thin or intergrade within rela-
tively short distances. For example, the Eska bed, one of the princi-
pal coal beds in the Eska mine (pl. 8), is locally as much as 6 feet thick
in the south-limb workings but thins to about 2 feet at the west end of
the north-limb workings. The Eska sandstone, a medium- to coarse-
grained feldspathic sandstone that overlies the Eska seam, is 75 feet
thick near the portal of the old Eska West mine workings on Eska
Creek, nearly 90 feet thick in the Eska crosscut tunnel, but is lacking
in the Evan Jones tunnel (pl. 4), where the corresponding strati-
graphic position is occupied by fine siltstone.

Marked changes in thickness are not confined to individual beds
but characterize larger stratigraphic units as well. For example, the
total thickness of the coal-bearing part of the Chickaloon formation,
measured upward from the base of the Eska coal group, decreases west-
ward from about 1,000 feet at the Eska mine to 600 feet at the town-
ship line on the north side of Wishbone Hill, 2 miles to the west (pl. 5).
The thinning is most pronounced in the interval between beds 5 and 8
of the Evan Jones mine, which decreases from 250 feet at the main
crosscut tunnel to less than 100 feet at locality 17, less than a mile to
the west (pl. 4).

Although individual coal beds, including most of those within the
well-defined coal groups, tend to thin or grade laterally into clastic
sediments within relatively short distances, the coal groups themselves
are much more persistent. The upper (Jonesville) group has been
traced intermittently from the south-limb workings of the Evan Jones
mine near Eska Creek to the Premier mine on Moose Creek (pls. 1,
2, 5). The middle (Premier) group has been identified at several
points between the Premier mine and the east side of Eska Creek
above Eska. The lower (Eska) group has been identified in mine
workings and drill holes east of Eska Creek and traced westward
through the Eska and Evan Jones mines. West of the Evan Jones
crosscut tunnel the coal beds of this group were traced in decreasing
thickness to locality 16, but are either absent or unexposed between
localities 11 and 16 (pl. 5). West of locality 11, coal beds found at a
corresponding stratigraphic pesition in outerops, mine tunnels, and
drill holes at several points along Moose Creek may represent a
westerly continuation of the Eska group. A still lower but eco-
nomically unimportant coal group was traced from the Eska mine
westward to locality 20. These beds appear to be at the same strati-
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graphic position as, and are therefore correlated with, the Burning
Bed coal group on Moose Creek. Coal beds were also found at a
corresponding stratigraphic position in several drill holes east of
Eska Creek.

Certain thin layers of clay or claystone in the Chickaloon formation
are exceptionally persistent over considerable areas and have proved
of value in the correlation of coal beds. One of the best known and
most persistent of these so-called marker beds is the “Eska marker”,
which appears just below the roof of the Eska coal bed. This marker
consists of at least one, and in many places two, thin light-colored
hard clay bands, generally less than an inch thick, that contrast
sharply with the enclosing coal and roof rock. The Eska marker is
present throughout both the old and new workings of the Eska mine
and was noted in outcrops as far west as locality 22; it thus has a
known extent of nearly 114 miles.

A second distinctive claystone marker was traced between localities
15 and 21, along the north slope of Wishbone Hill, for a total distance
of 3,000 feet. Although this layer was not seen in an unweathered
state, it apparently consists of a few inches of light-colored claystone
that weathers and swells to a foot or more of orange-yellow plastic
clay. This clay was found at several localities a few inches above one
of the lower coal beds of the Premier group and was helpful in cor-
relating sections at the different localities. The clay in this and several
other similar layers exposed in the Eska and Evan Jones mines has
some of the properties of bentonite and may represent a decomposed
volcanic ash. It swells greatly on exposure to air and moisture and
becomes soft and plastic, which causes it to ooze out of the enclosing
strata in tunnel walls, Other less persistent claystone partings in coal
beds aided in correlation over short distances.

TBADAKA CANYON AND MATANUBKA RIVER BLUFFS

Chickaloon strata are exposed in the lower part of Tsadaka Canyon
and in the bluffs on the north side of the Matanuska River (pl. 2).
They consist of claystone, siltstone, sandstone, and a few coaly beds
composed mostly of bony coal, bone, and coaly claystone. Only a few
coal beds 3 feet or more thick are present. A generalized composite
section of the part of the Chickaloon formation exposed in this area,
totaling about 1,500 feet in thickness, is shown in plate 6.

In the Matanuska River bluffs below the mouth of Moose Creek a
covered interval of 6,700 feet, measured along the railroad track, sepa-
rates the lowest exposure of Chickaloon formation from the nearest
exposure of Matanuska formation, about 2 miles below the mouth of
Moose Creek. The Matanuska strata, in the river bluffs both above
and below Moose Creek, have approximately the same attitude as the
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Tertiary strata, both lying on the south limb of the Glenn syncline
(pl. 2). Assuming an absence of large faults, the covered interval is
<g@timated to represent about 1,500 feet of section. Because the Mata-
nuska formation is more highly indurated and tends to form promi-
nent cliffs along the river, it seems most likely that the covered section
consists of Chickaloon formation. If this is correct, the total thick-
ness of the Chickaloon in this area is at least 3,000 feet, including
1,500 feet of measured and 1,500 feet of inferred section. The top of
the Chickaloon formation is not exposed in this area.

The stratigraphic relationship of the Chickaloon strata near the
mouth of Moose Creek to those in the Wishbone Hill area has not been
definitely established. The beds exposed in Tsadaka Canyon probably
underlie the coal-bearing part of the Chickaloon formation exposed
around Wishbone Hill and thus are equivalent to beds exposed between
Wishbone Hill and Arkose Ridge. It is possible, however, that the
upper part of the Tsadaka Canyon section, including several thin coal
beds, is equivalent to the lower part of the Wishbone Hill section, in-
cluding the Burning Bed and possibly the Eska coal gronps.

WISHBONE FORMATION

The Wishbone formation, here named for exposures on Wishbone
Hill, is considered to be probably Paleocene, or possibly early Eocene
in age. The upper contact of the Wishbone formation was seen at
only one point on the southwest side of Wishbone Hill where it is
overlain with distinet angular unconformity by the Tsadaka
formation.

No sharp boundary separates the Wishbone formation from the
underlying Chickaloon formation, the contact being gradational
through several feet, in which there is a gradual increase upward in
the proportion of conglomerate and sandstone. Because the contact
is so indefinite, for convenier:ce in mapping, the base of the Wishbone
formation was arbitrarily taken as the top of coal bed no. 4, the upper-
most coal in the Chickaloon formation.

The Wishbone formation consists predominantly of conglomerats
composed of pebbles, cobbles, and a few boulders in a sandy matrix,
but it also includes numerous lenticular beds of sandstone, generally
crossbedded and ranging in thickness from a few inches to 40 feet, and
a few small lenses of silty claystone. The finer sediments are more
abundant in the Jower part of the formation, which in fact grades
impercept.ibly into the underlying Chickaloon formation. The
coarser constituents are composed predmmnantly of ﬁne-grnlned ig-
neous and metamorphic rocks, chert, vein quartz, and jasper; pebbles
and boulders of granitic rocks are relatively scarce. The formation
as & whole is well indurated, but the conglomeratic layers are more
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resistant to erosion than the sandy and silty layers and tend to stand
out as a series of concentric hogback ridges and ledges reflecting the
synelinal structure of Wishbone Hill.

The outcrop area of the Wishbone formation includes most of Wish-
bone Hill between Jonesville and the Premier mine, except for a belt
about three quarters of a mile wide extending southwestward from
Wishbone Lake (pls. 1,2). The maximum thickness of the Wishbone
formation, as determined from outcrops and drill holes, is at least

1,850 feet.
TSADAKA FORMATION

The uppermost of the conglomeratic beds on Wishbone Hill, mapped
as Eska conglomerate by Martin and Katz (1912, pl. 5), consists of
poorly indurated coarse conglomerate characterized by boulders and
cobbles of granite and diorite in a matrix of granitic debris. As
these beds are not only lithologically distinct from the underlying
conglomerate unit but rest unconformably upon it, they have been
mapped separately as the Tsadaka formation. The Tsadaka is con-
sidered to be Eocene or younger in age. Because of its soft, friable
matrix it is poorly exposed on Wishbone Hill, but its general distri-
bution was determined from many patches of disaggregated cobbles
and boulders, supplemented by several shallow test pits.

Although a lack of good outcrops prevented the direct determina-
tion of the attitude of the Tsadaka formation on Wishbone Hill, its
distribution and surface expression indicate that it dips gently south-
westward, truncating strata of the Wishbone formation that have
been folded into the Wishbone Hill syncline and disappearing to the
southwest beneath glacial deposits. The Tsadaka formation reap-
pears in Tsadaka Canyon on Moose Creek below the Premier mine
(pl. 2), where it consists of at least 700 feet of interbedded silty sand-
stone, siltstone, pebbly sandstone, and fine to coarse conglomerate.
The sandstone beds are arkosic; some of the conglomerate beds con-
sist largely of granite and diorite, others contain mostly volcanic and
metamorphic rock debris, and still others contain both types of mate-
rial. These beds have been only slightly folded, showing low dips
in various directions but prevailingly to the southwest.

About a mile west of the head of Tsadaka Canyon are five diamond-
drill holes that were drilled by the Geological Survey in 1932 (pl.
2). The results of the drilling were reported by Waring (1934),
who assumed that the approximately 1,000 feet of beds penetrated were
correlative with the Chickaloon formation. The present writers be-
lieve that the section penetrated is in the Tsadaka formation, for the
following reasons: the cores showed nearly horizontal bedding; the
beds penetrated, including the sandstone, were poorly consolidated;
several beds of conglomeratic sandstone were found, which are more
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typical of the Tsadaka formation than of the Chickaloon formation;
no coal beds were found, only scattered coal lenses and beds of car-
bonaceous shale; and projection of Tsadaka strata a short distance
westward down the gentle dip measured in the canyon would carry
them into the range of the drill holes.

The Tsadaka formation is the youngest bedrock formation in the
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 southwest it is believed to extend beneath a deep
mantle of moraine deposits that extends along the south base of Wish-
bone Hill. In Tsadaka Canyon moraine and terrace deposits lie
directly on an even surface of gently dipping conglomeratic beds of
the Tsadaka formation.

The base of the Tsadaka formation was observed at two points,
About 1,000 feet south of the northwest corner of sec. 25, T. 19 N,
R. 2 E., coarse granitic boulder conglomerate overlies typical Wish-
bone pebble conglomerate with distinct angular unconformity. Al-
though the coarse conglomerate was not visibly bedded, its base as
exposed in the outcrop has an apparent dip of 18° W., truncating the
gently northward-dipping bedding of the underlying pebble con-
glomerate. The second basal exposure is on the east wall of Tsadaka
Canyon, 1,200 feet north of the south quarter corner of sec. 34, T,
19 N, R. 2 E. At this point nearly flat beds of granite cobble con-
glomerate rest unconformably on deformed beds of the Chickaloon
formation.

The relations of the Tsadaka formation to the underlying rocks show
that its deposition followed the greater part of the deformation that
has affected the older Tertiary rocks, and probably also the erosion of
the Wishbone formation from the area traversed by lower Moose

Creel,
QUATERNARY SYSTEM

The Quaternary deposits of the Wishbone Hill district include -
glacial deposits, terrace gravel, talus and landslide debris referred
to collectively as slide rock, and the alluvial deposits on the present
flood plains. These deposits cover most of the surface of the district,
except cliffs, the steeper valley sides, and the higher parts of Wishbone
Hill. They are represented on the geologic maps only where they are
very thick or conceal the underlying bedrock over large areas.

GLACIAL DEPOSITB

Glacial deposits of various types and thicknesses cover nearly the
entire district. At most points on Wishbone Hill bedrock is concealed
by a mantle, ranging from a few inches to 10 feet or more in thickness,
consisting of a poorly sorted mixture of clay, sand, gravel, and
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boulders. Along much of the ridge crest east of the highest point of
Wishbone Hill, the surface is underlain by several feet of silty clay
tha closely resembles weathered Chickaloon bedrock except for the
fact that it contains scattered weH-rounded pebbles of granitic rocks.
This material, found in many auger holes, is believed to be a glacial
deposit, derived mainly from the Chickaloon formation and trans-
ported only a short distance.

Thick morainic deposits are present along the south base of Wish-
bone Hill, where some of the depressions in the typical knob-and-
kettle topography are more than 150 feet deep. Exposures in road
cuts show that much of the material in this area consists mainly of
very coarse gravel and boulders.

TERRACE GRAVEL

Terrace-gravel deposits are present at many places along the Mata~
nuska River and its tributaries, including a few places in the Wishbone
Hill district (pls. 1,2). Martin and Katz (1912, p. 69) observed six
gravel terraces in the valley of Moose Creek at altitudes ranging from
400 to 1,000 feet. They also noted well-developed benches on Eska
Creek at altitudes of about 940 and 1,000 feet, and recorded seven
benches between Eska and Granite Creeks at altitudes ranging from
660 to 1,150 feet. The terraces along Eska and Moose Creeks are
preserved only as isolated remnants of small extent. The various ter-
races mark successive stages in the downcutting of the Matanuska
River to its present level in postglacial time.

SLIDE ROCK

Talus slides resulting from normal weathering of the conglomerate
cliffs of Wishbone Hill and accumulations of a somewhat different
character that have resulted from landslides are included under this
heading. In placesthetwo typesof deposits are intermingled or super-
posed, and no attempt has been made to map them separately, although
the toes of the larger landslides are shown on the maps by a distinctive
symbol (pls. 1,2).

The largest Jandslide mass in the district lies just west of Jonesville,
where it appears as a prominent lobe of chaotic material, with steep
sides and a generally flat but hummocky upper surface that stands
out from the south flank of the highest part of Wishbone Hill. This
slide is composed in large part of huge blocks of conglomerate, some
several tens of feet in largest dimension and many projecting above
its generally soil-covered surface. Above this lobe the face of the
hill is indented by a large pocket or amphitheater, flanked on the west
by a sheer conglomerate cliff more than 300 feet high, which evidently
‘was the source of the landslide. The trace of the Jonesville fault, one
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of the principal faults of the district, extends across the slope directly
below the landslide pocket, and the zone of weakness along this fault
may have caused the landslide.

To the northeast and almost contingnous with the landslide just
described is another area that is believed to have undergone large-
scale slumping. On the extreme west side of the Eska reserve the
area between the railroad and the 1,400-foot contour is characterized
by hummocky topography, marked by many irregular ridges and
depressions and many large blocks of conglomerate., Above the
1,400-foot contour is a roughly conical hill, consisting of a tilted
wedge of conglomerate dipping 30° S., whose south face is a dip slope
and whose north face drops off abruptly to a low saddle separating
it from the main ridge to the north. Although a close accordance in
attitude of this conglomerate block with the main mass forming the
peak of Wishbone Hill suggests a normal relationship, other evidence
indicates that the smaller block has slid southward 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 conglomerate blocks and includes no glacial gravel
or erratic boulders the evidence for landslide origin seems conclusive.
Furthermore, several large gaping fractures across the dip-slope
surface itself are unmistakable evidence of mass movement.

It is postulated that the south slope of Wishbone Hill became over-
steepened by glacial erosion in Pleistocene time, and that mass move-
ment of the small conglomerate-capped block was favored by zones
of weakness along faults—particularly the Jonesville fault on the
northwest, and possibly the Eska fault zone to the southeast and by
the southerly dip of the bedding. This movement involved the con-
glomerate, and possibly the upper part of the underlying Chickaloon
formation. The records of diamond-drill holes 14 and 13, just east
of the conglomerate block, revealed that the entire Jonesville coal
group is missing in this locality, its stratigraphic position being marked
by highly sheared and contorted rocks containing many coal fragments
(Barnes, 1951, p. 198-200). Whether this disturbance of the Chicka-
loon strata resulted from the landsliding or from earlier faulting is
not certain; in either case, shearing along planes at small angles to
the bedding destroyed the identity of the coal beds of the Jonesville
group. Observations at many points in the mines of the district have
shown that a surprisingly small amount of movement along a fault
closely paralleling the bedding is required to reduce a coal bed several
feet thick to a mass of sheared rock containing only scattered lenses
of coal.

A smaller landslide lies a little farther northeast, in the E1,NW14
sec. 16 (pl. 1). There the abrupt termination of three small sandstone
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ridges, which suggested to Tuck (1937, p. 198) a possible fault, is
due to the slumping of a mass of Chickaloon strata that now forms
a hummocky bench on the slope below.

Another extensive landslide was found about 2 miles west of Jones-
ville, in the NE1 sec. 24, T. 19 N,, R. 2 E. (pl. 1,2). This slide orig-
inated a short distance southeast of Wishbone Lake, moved southward
nearly half a mile, partly filling the valley behind a prominent hog-
back ridge and forming the small lake near the center of section 24,
This slide, which is more apparent on aerial photographs than in the
field, is recognized chiefly from the semicircular amphitheater filled
with irregular knolls and depressions at its head, and from the hum-
mocky surface and Jobate character of its lower part. The huge blocks
of conglomerate that characterize the slides near Jonesville are notably
lacking, probably because this slide involved mainly the poorly
indurated Tsadaka formation.

ALLUVIUM

Alluvial deposits in the Wishbone Hill district are confined largely
to the flood plains of Moose and Eska Creeks. Both of these streams
have steep gradients and are subject to violent floods, so that the
flood-plain deposits consist mainly of coarse gravel and boulders.
Flood plains are narrow or lacking on both streams except near their
mouths, where the valleys widen to several hundred feet, and in the
vicinity of the Premier mine, where the valley of Moose Creek widens
to more than 1,500 feet for a short distance.

IGNEOUS BOCES

Although intrusive rocks of several types are of widespread occur-
rence farther east in the Matanuska Valley, the only igneous rocks
known in the Wishbone Hill district are three small basic dikes. At
locality 16, on the north side of Wishbone Hill a 20-foot diabase dike
was traced for several hundred feet across coal-bearing strata (pl. 1).
It has a strike of about N. 45° W. and a vertical dip. The intrusion
of this dike apparently had little effect on the enclosing strata, as coal
within a few inches of the dike walls showed very little change in
character. A dike of similar composition, thickness, and trend was
found in the bed 3 workings of the Evan Jones mine, about 4,000 feet
west of the main crosscut tunnel. Where examined by the writers the
only effect of the intrusion appears to have been a hardening and in-
cipient coking of the coal for a few inches from the dike walls. The
position and trend of this dike indicate that it is the same as the one at
locality 16. According to mine officials, later mine development has
revealed more dikes and a sill that has so highly “coked” a large block

-&f cdal in bed 3 that the coal had to be discarded.
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Indications of another basic dike were found on the ridge south of
the small pond east of Wishbone Lake (pl. 2). Fine-grained basic
igmeous rock was found essentially in place in two small flush outerops
about 700 feet apart on a line trending N.30° E. Float of similar rock
was found on the same general trend about half a mile to the south-
west. Although no contacts of the igneous rock with the enclosing
conglomerate are exposed, the three points are probably on the same
northeastward-trending dike.

A third small basio'dike, with a strike of N. 30° W. and a steep
northeast dip, cuts massive sandstone of the Chickaloon formation on
the west side of Knob Creek northeast of the Knob Creek mine, in the
SE1 sec. 10, T. 19 N, R. 3 E. (pl. 1).

STRUCTURE

GENERAL FEATURES

The structure of the Wishbone Hill district is dominated by the
Wishbone Hill syncline, a northeastward-trending canoe-shaped fold,
which has an exposed length of 7-miles between the Premier mine.on
Moose Creek and the Eska mine on Eska Creek (pls. 1,2, 7). The
syncline is cut into segments by several major transverse faults., It is
further modified locally by many smaller faults and complex sub-
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 formation.
A few small exposures of horizontal to gently northwestward-dipping
conglomerate on the north side of Wishbone Lake indicate the presence
of a shallow syncline or structural terrace on the north limb of the
Wishbone Hill syncline (pl. 2).

Folding and faulting in the Wishbone Hill district appear to have
progressed simultaneously, probably in response to the same compres-
sional stresses, which evidently included a large element of shearing.
Some evidence was found to indicate that at least part of the folding
was later than the major faulting, although offsets of the synclinal
axis at the faults show that a considérable part of the folding preceded
the major faulting,

The structure of the Wishbone Hill distriet has had a strong in-
fluence on mining operations. As the most readily available coal is on
the moderately dipping limbs of the syncline, practically all mining
to date has been done by “pitch-mining” methods, in which coal broken
from the working faces moves by gravity down sheet-metal-bottomed
chutes to the haulageways. Major faults have greatly affected the
direction and extent of mining, as may be noted from the relation of
gangway faces to principal faults. (See pls. 3, 4, 8.) These faults
have not always proved to be impassable barriers to further mining,



e

i

GEOLOGY 25

however, as shown by the fact that the Northeast fault was success-
fully crossed in the old Eska East workings, the Eska fault zone was
crossed twice on the north limb in the Eska mine, and the Jonesville
fault was crossed twice in the Evan Jones mine. The minor faults
and shear zones in general do not prevent mining of the coal, but they
do greatly increase the labor and cost of mining and impair the quality
of the product.
AREA NORTH OF WISHBONE HILL

Wishbone Hill is separated from the Talkeetna Mountains to the
north by a mile-wide open trough drained by tributaries of Eska and
Moose Creeks. This trough is underlain by Tertiary rocks, which are
exposed at intervals along the main streams and some of the
tributaries.

ESKA AND GLORYHOLE CREEKS

According to Martin (1919, p. 269-270) the north side of the Wish-

bone Hill syncline on Eska Creek
lies south of and merges into or is separated by a fault from a belt of intensely
deformed coal measures that probably is practically barren of workable coal and
that extends northward into the great zone of faulting on the southern border of
the high mountains,
Along Eska Creek the present writers found only scattered outerops,
but these indicated that the entire belt from Wishbone Hill to the
mountain front is underlain by Chickaloon strata with a general south
to southeast dip of 30° to 60°. Along Gloryhole Creek outcrops are
more abundant and show the belt to be underlain by the Chickaloon
with a fairly uniform strike of N. 50°-80° E. and a southeast dip
generally ranging from 50° to 65°. In a 500-foot zone near the moun-
tain front the rocks have undergone more intense deformation, as
shown by sheared and faulted beds and abnormally steep dips. A
section of nearly vertical strata in this zone includes a 5-foot bed of
coal, the only coal of workable thickness observed on Gloryhole Creek.
The more intense deformation of this zone may have resulted from
part of the same stresses that culminated in the Castle Mountain fault,
which crosses Gloryhole Creek about a mile to the north.

In the southern half of the belt exposures along Gloryhole Creek
are scarce. QOutcrops at points about half a mile and a quarter of a
mile above the creek mouth show beds that dip 70° S. to vertical but
sre not highly sheared or faulted. Further downstream a small south-
westward plunging anticline, with limbs dipping about 60°, is well
exposed in the creek bank (pl. 1).

MOOSE CREEEK AND TRIBUTARIES

A ganeral idea of the structure of the area northwest of Wishbone
Hill is obtained from scattered exposures along Moose Creek and its
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larger tributaries that drain the south slope of Arkose Ridge. Above
the Castle Mountain fault, the mountain side is essentially a dip slope;
the arkose beds strike about N. 70° E. and dip about 25° SE. The
Castle Mountain fault is marked by a crushed zone about 1,000 feet
wide in which rocks of the Arkose Ridge and Chickaloon formations
have been mylonitized. Upthrow on the north side of the fault zone
is indicated by the fact that granite of Jurassic age and arkose, be-
lieved by the present writers to be basal Upper Cretaceous, are in
juxtaposition with Chickaloon strata of Tertiary age on the south side
of the fault. Elsewhere in the Matanuska Valley there is evidence
that the Castle Mountain fault zone dips northward and represents
high-angle thrusting (Martin and Katz, 1912, pls. 15, 16). North of
Wishbone Hill the vertical displacement along the fault probably is
on the order of 4,000 feet, as the entire Matanuska formation has
apparently been uplifted and eroded from the north side of the fault.

Between the Castle Mountain fault and the axis of the Wishbone
Hill syncline the structure is dominated by southerly dips ranging
from 30° to 75° (pl.2). Superimposed on this regional dip, however,
is at least one prominent reversal, which forms the northeastward-
trending Walker syncline and the adjoining anticline. In the bluffs
of Moose Creek opposite the Buffalo mine the dips on the southeast
limb of the Walker syncline are 35° to 60° NW.

WISHBONE HILL
WISHBONE HILL S8YNCLINE

The general outline of the Wishbone Hill syncline is well shown by
the outcrops of the coal beds along the north side of Wishbone Hill
(pls. 1, 2) and by the pattern of gangways driven along coal beds in
the mines of the district (pls. 3, 4, 8). The plunge of the synclinal
axis at opposite ends of the field is clearly reflected by the curving
gangways in the Eska and Premier mines.

Dips of the coal beds in the eastern part of the district as revealed
both in outcrops and in mine workings range for the most part from
30° to 40°, although dips as low as 12° near the synclinal axis in the
Eska mine and as high as 45° on the south limb in the same mine, were
recorded. A progressive steepening of the dip to the west was noted
on both limbs in the Eska mine and on the north limb in the Evan
Jones mine. On the south limb in the Evan Jones mine the dip
decreases westward from 30° east of the main crosscut tunnel to 18°
west of the tunnel. The flatter dips to the west may be in part the
result of drag along the Jonesville fault, but probably in larger part
reflect & marked broadening of the syncline west of the Evan Jones
crosscut tunnel.

In the western part of the district dips in the Wishbone formation
range from 20° to 50° SE. Dips in the underlying Chickaloon forma-
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tion are much steeper, particularly in the vicinity of the Baxter and
Matanuska Center mines, where these beds have been complexly folded
and faulted.

The plurige of the synclinal axis where ¢rossed by the Eska mine
workings is about 12° W. Farther west no direct evidence of the
amournit of plunge is available, but the approximate parallelism of the
north and goiith limbs bétween the Eska and Evan Jones c¢rosseut tun-
neld indicdtes that the synclinal axis in this area is nearly flat. Tuck
(1937, p. 196) inferred a plunge of as much as 25° SW. in this area, ap-
parently to account for the relatively lower position of the coal-bearing
sequenice in the Evan Jones mine. Further study of the structure,
baged on niew data made available by subsequent underground develop-
métit, indicates that the lower position of beds in the Evan Jones mine
ig due to downthrow along the Eska fault zone, not to plunge of the
syrielinal axis. For at least 2 miles west of the Evan Jones mine a gen-
eral southwestward plungs of 5° to 10° is indicated by the successively
higher zones of coniglomerate that swing across the axis. In thé west-
ern half of the district little evidence is available on which to judge
the amount or direction of plunge of the synclinal axis. At the
Premier mine, which is at the southwestern extremity of the exposed
part of the Wishbone Hill syncline, underground workings indicate a
northeastward plunge of at least 20°.

FAULTS

The Wishbone Hill syncline is cut into a series of displaced segments
and otherwisé deformed by several major transverse faults, one major
thrust fault along Moose Creek, and many minor faults and shear
zones (pls. 1-5). Most of the large transverse faults and many of the
smaller ones are tear faults, in which a large element of the displace-
ment i8 horizontal. The amount of horizontal displacement ranges
from a few feet in the smaller faults to possibly as much as 2,000 feet
in some of the larger ones. The principal faults in the eastern part of
the district are essentially parallel, trending about N. 25° E. Those in
the western part strike northwestward at various angles, tending to
converge to the southeast (pl. 2). At all the major faults east of the
Buffalo mine, the west side was displaced to the south, whereas at two
major faults between the Buffalo and Premier mines the relative direc-
tion of movement was the reverse; that is, the northeast side moved
southeastward.

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 fault, without recognizable horizontal
displacement, in which the southeast side was downthrown at least
400 feet.

26856T—56-—3 .
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Many of the smaller faults, exposed for the most part in under-
ground workings,accord closely both in strike and in relative direction
of displacement with neighboring major faults. A notable exception
to this rule is found between the Eska and Northeast faults, where

most of the minor faults found underground strike north to nerthwest.

(pl.8). A few of the minor faults in the district appear to be reverse

faults, and a major thrust fault is believed to account for missing strata -
and to have caused the extreme crumpling and complex folding in sev- -

eral areas along Moose Creek (pp. 35, 37,38-41).

The dip of the major transverse faults is generally close to vertical -

and is rarely less than 65°; that of the Moose Creek thrust fault is

about 40°. The smaller faults range in dip from 25° to vertical, but"

steep dips predominate. Most of the faults found underground are
characterized by abrupt changes in both strike and dip, so that great
care must be used in projecting the position of a fault into unexplored
ground.

In the following sections the principal faults are described in order

from east to west.
NOBRTHEAST FAULT

The Northeast fault was discovered in the old Eska East workings,
where it has brought together coal beds that are stratigraphically
about 350 feet apart. Offset of the outcrop of the Eska bed on the
south limb of the Wishbone Hill syncline west of Eska Creek (pl. 3)
indicates that the southeast side of the fault was downthrown at least
400 feet and possibly as much as 600 feet. This agrees with the
findings of earlier writers (Chapin, 1920, p. 162; Tuck, 1937, p. 198)
who, without the benefit of more recent development work, concluded
that it was a normal fault in which the southeast side had been down-
thrown 300 to 400 feet. Although the Northeast fault is closely
parallel to the Eska and Jonesville tear faults, no evidence is known
to indicate that it involved horizontal displacement. On the confrary,

the fact that the outerop 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 fault striking about N. 40° E., and according
to Tuck (1937, p. 198) the dip is 72° SE. The probable southwest
extension of this fault is exposed in the gully just east of the portal
of the new Eska crosscut tunnel, where it cuts off the outcrop of the
Eska bed.

ESKA FAULT ZONE

The term “Eska fault zone” has been applied to a northeastward-
trending belt of highly sheared and otherwise disturbed strata
bounded on the southeast by the Eska fault and on the northwest by
a second prominent fault that is herein referred to as the Northwest

»
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fault (pl. 3). The strata between the two major faults, as exposed in
the Eska crosscut tunnel and on the south side of Eska Creek valley,
are cut by many smaller faults and shear zones and deformed by
several irregular minor folds.
. The Eska fault is exposed on both sides of Eska Creek north of the
mine, and was first discovered underground in the old Eska West
workings. It was subsequently reached in the new Eska mine work-
ings at the 800 level on both limbs of the syncline, at the 950 level
on the south limb, and was crossed near the axis of the syncline by
the new Eska crosscut tunnel to the north-limb workings (pl. 3).
All but the southernmost of these exposures of the fault lie in a
vertical plane striking about N. 28° E. The fault faces that terminate
the south-limb workings all strike due north, and probably represent
a branch of the main Eska fault (pls. 2, 4). At all underground
exposures in the new Eska mine the fault surface is strongly marked
with grooves and striations. These markings are either essentially
horizontal or dip toward the synclinal axis at an angle considerably
legg than the dip of the bedding. The attitude of the grooves and
markings is interpreted as indicating that movement along the fault
was essentially horizontal, but that some folding occurred after the
displacement, causing the grooves to dip toward the synclinal axis.
The Northwest fault was mapped at the surface by Tuck on the south:
side of Eska Creek and was crossed by both levels of the north-limb
workings of the Eska mine, where it has a strike of about N. 40° E.
and a vertical dip. Slickenside grooves on the sides of this fault show
that movement along it also was largely horizontal. This fault strikes
southwestward almost in line with the fault that cuts off the coal beds
on the east side of the old south-limb workings of the Evan Jones
mine (pls, 3, 4). Although little is known of this now-inaccessible
fault except that it has a northwest strike and dips 65° SE., it seems
probable that it is the southwest extension of the Northwest fault.
Although little can be learned of the relative direction and amount
of displacement along each of the two major faults that bound the
Eska fault zone, because of the structural complexity and scarcity
of exposures of the intervening strata, it is possible to draw some
fairly definite conclusions regarding the relative displacement of the
blocks on opposite sides of the fault zone. It is readily apparent,
from the relative position of coal beds on both limbs of the syncline,
and of the synclinal axis on opposite sides of the fault zone, that the
west block has been displaced southwestward. It can also be demon-
strated with reasonable certainty that the west block moved down-
ward with respect to the east block. Although the amount of
displacement can be determined with much less certainty than its
direction, it seems probable that the horizontal component was at
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least 1,000 feet and possibly a8 much as 1,500 feet, and the vertical
component was at least 500 feet.

JONESVILLE FAULT

The Jonesville fault, which truverses th¢ Evan Jones mine, was
described by Tuck (1937, p. 199-200) as follows:

The Jonesville fault 1s * * * well exposed in the crosscut tunnel of the
Evan Jones mine about 150 feet south of bed 5. Here it dips 80° 8. 60°E. and
has about 8 feet of gouge and crushed rock between the walls. The drag of
the beds indicates that at this location the fault is normal. Old mine maps
show that beds § and 8, east of the crosscut tunnel, and beds 8 and 4, on the
west, were cut off by the same fault; all these workings, however, are now
abandoned and caved.

At the surface the Jonesville fault {s expressed by a well-deflned valley in
the SE14NE14 sec. 17. * * * On account of the slide rock, which obscures all
exposures, the fault has no further surface expression to the southwest. The
ridge to the northeast, in the southern part of the NEYNEY sec, 17, does
mot show any topographic expression of the fanlt except on the north side,
where the course of a small creek may be determined by it. * * *

8o far as can be learned, mo records have been kept regarding formations
encountered at the fault in the extreme west end of the gangways of beds
8 and 4. Reports that conglomerate occurs west of the fault would seem to
be true, to judge from the projected position of the base of the eonglomerate
at the surface in the northern part of sec. 20. * * * If this Is true, the sontheast
slde of the Jonesville fault must have moved northeastward relative to the
block on the northwest side, so that the horizontal component was much greater
than the vertical

The evidence cited by Tuck together with later information obtained
in a branch tunnel, driven in 1946 from the main crosscut tunnel west-
ward along the synclinal axis through the Jonesville fault, leaves
little doubt that the displacement was mainly horizontal. East of
the fault the branch tunnel passed through essentially horizontal
strata, indicating that it was on or near the axis, but west of the
fault it entered strata dipping 30° S., showing that the axis had been
offset a considerable distance to the south. If the movement is
assumed to have been entirely horizontal, the offset of coal beds ex-
posed on the north limb indicates that it amounted to about 400 feet.
The absence of bed 3 in the Evan Jones crosscut tunnel north of the
syncline axis shows that it has been offset at least 500 feet (pl. 4).
The drag of the beds that Tuck interpreted as indication of normal
faulting could have been produced as well by horizontal movement,
whereby the block that moved in the direction of dip appears to be
upthrown. No positive evidence of vertical movement along the
Jonesville fault is known, and if any occurred it probably was slight.
Tuck inferred that the conglomerate block east of the Jonesville fault
had been dropped 300 feet by faulting, but the results of later field



-

‘"

i1

GEOLOGY 31

work and drilling strongly suggest that the lower position of the con-
glomerate block to the east is due to landsliding rather than faulting.

Where it is ¢rossed by the branch tunnel the Jonesville fault con-
gists of several faults separated by sheared and broken rock in a zone
about 50 feet thick (pl. 5). The position of the fault at this point
with respect to its intersection with the main tunnel and to the linear
valley marking its trace at the surface shows that it strikes N. 30° E.
and dips steeply to the southeast. (See pl. 4.)

FAULTS BETWEEN JONESVILLE AND WISHBONE LAKE

A fault with a strike of about N. 15° E. is visible at the surface and
on aerial photographs in the western part of secs. 17 and 20, T. 19 N,,
R.3 E. (pl.1). Itstrace is marked by prominent noteches in the north
and south rims of the conglomerate capping of Wishbone Hill, and
by a persistent low westward-facing escarpment across the back slope

between. It may also determine the course of a small gully on the

lower part of the north slope. In the high cliff forming the south
rim the fault is visible as a sharp fracture dipping about 58° SE., but
no indication of the direction or amount of displacement is apparent
in the massive conglomerate. This fault is probably represented by
one of the faults that cut beds 5 and 8 in the Evan Jones mine, the
most prominent of which strikes N. 15° E., dips 70° SE., and has
displaced bed 6 about 100 feet horizontally to the south on the west
side (pl. 4).

A prominent transverse fault, with a general trend of about N. 15°
E., is believed to extend all the way across Wishbone Hill in the W14
gecs. 18 and 19, T. 19 N, R. 3 E. (pl. 1). Two branches of the fault
displace coal beds of the Premier and Jonesville groups in two small
gullies on the north slope of the hill near locality 14, and offset con-
glomerate ledges near the crest of the main ridge; from the crest the
main fault extends southwestward down an open valley to the south
base of the hill, where it cuts across several hogback ridges of con-
glomerate, apparently offsetting their western segments gbout 100 feet
to the southwest.

Although the horizontal and vertical components of the displace-
ment along this faylt are unknown, domumntly horizontal movement
is indicated by the fact that beds of opposite dip were displaced in the
same direction; that is, beds on both limbs west of the fault are offset
to the southwest.

Another prominent transverse fault has been traced, with the aid
of aerial photographs, from the eastern part of sec. 13, T. 19 N., R.
2 E., where it offsets beds of the Premier and Jonesville coal groups,
southwestward along the eastern margin of the Tsadaka formation
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to the south base of Wishbone Hill in sec. 25, where it truncates at
least three prominent ridges of conglomerate of the Wishbone for-
mation. (See pl. 2.) Along this fault also the dominant movement
was horizontal, the west side moving south.

BUFFALO FAULT

The Buffalo fault (pl. 2) strikes N. 15° W. and crosses the Wishbone
Hill syncline; like the transverse faults in the eastern part of the dis-
trict, the west side has moved southward. The trace of the fault,
quite apparent on aerial photographs, is indicated by the alinement of
offsets of hogback ridges and bluffs and by the presence and trend of
gullies. Horizontal slickensides 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 has moved southward 200 to 300 feet.

On the north limb of the Wishbone Hill syncline the Buffalo fault is
not exposed. It evidently lies across Moose Creek about 3,000 feet up-
stream from the Buffalo mine and trends into the mouth of a gully on
the north side of Moose Creek. Drag on the east side of the fault is
suggested by the analogous attitude of beds of conglomerate of the
Wishbone formation exposed on Buffalo Creek just upstream from
the fault. These beds strike N. 10° E., which differs about 85° from
the strike of similar beds of the Wishbone formation farther upstream
on Buffalo Creek and on the hogback north of the creek.

BAXTER FAULT

The Baxter fault (pl. 2), which strikes about N. 45° W., is the
cause of a major discontinuity in geologic units along Moose Creek.
On the southwest side of the fault, conglomerate of the Wishbone
formation overlies the coal-bearing part of the Chickaloon and forms
a bluff on the south side of Moose Creek. This bluff of conglomerate
is terminated at the fault; judging from the trend of the Premier
coal group shown in the Buffalo mine and drill holes, the beds across
the fault from the conglomerate probably are in the lower part of the
Chickaloon formation, far below the Premier coal group. At the ter-
mination of the bluff the conglomerate strikes about N. 50° W., at right
angles to the prevailing strike of the conglomerate a few hundred
feet downstream, The disparity in strike is believed to represent drag
along the Baxter fault.

The axis of the Wishbone Hill syncline is estimated to have been
displaced on the order of 2,000 feet horizontally by the Baxter fault,
the northeast side moving southeastward. This displacement is op-
posite to that along the Buffalo fault and other major transverse faults
farther east.



Ll

i

GEOLOGY 33

PREMIER FAULT

The major transverse fault at the Premier mine is almost vertical
and strikes N. 70° W, At the surface the fault is marked by a gouge
zone 9 feet wide on the southeast bank of Moose Creek and by the
termination to the northeast of the bluff of conglomerate of the Wish-
bone formation across Moose 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 drag of bed 3 on both
limbs of the syncline (pl. 8) indicates that the Premier coal group on
the northeast side of the fault has been displaced horizontally to the
southeast. Thus the displacement is similar in direction to that of the
Baxter fault and opposite to that of the Buffalo and other transverse
faults to the east.

A horizontal slip along the Premier fault of at least 250 feet is
indicated by a tunnel, driven southeastward along the fault from bed
3, that failed to intersect the Premier coal group on the northeast
side of the fault. Even greater displacement is indicated by the dif-
ference in age and structural complexity of the beds on either side of
the Premier fault. The strata on the upstream side are considerably
lower in the Chickaloon formation and have been folded into a series
of tight anticlines and synclines (pl. 8). The stratigraphic and struc-
tural discordance indicates a displacement of more than 1,000 feet,
and presumably the dominant component of the movement was
horizontal,

MOOSE CREEK THREUBT FAULT

The southward-dipping fault designated the Moose Creek fault
(pl. 8) by the present writers was recognized by Martin and Katz
(1912), as indicated by their cross section £-£”, plate 15, and by the
following quotation from their description of the Wishbone Hill
syncline (p.75) :

The west end is likewise synclinal, but the northern limb of the syncline has
been cut by a fault in the west end of the hill and in the valley of Moose
Creek * * *, .

Their section £-E” presumably crosses the northern limb of the Wish-
bone Hill syncline at about the position of the Rawson mine. It
shows a sharp anticline in the Chickaloon formation in fault contact
with southeastward-dipping conglomerate of the Wishbone formation.
The fault probably is not as steep as shown by Martin and Katz.
Above the mine the main fault is covered by talus, but minor faults
in the Wishbone formation, probably parallel and subsidiary to the
main fault, dip 40°-45° SE.

The Moose Creek thrust fault is believed to extend from the vicinity
of the Premier mine northeastward along the southeast side of Moose
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Creek to the Baxter fault, and from the Buffalo fault to and beyond
the transverse fault east of the Matanuska Center mine. The Moose
Creek fault apparently leaves the north slope of Wishbone Hill in
the northeastern part of sec. 13 and heads into the swampy area to
the north, as the Chickaloon strata farther east have not been dis-
turbed from their normal relationship to the overlying Wishbone
formation. The structural complexity along Moose Creek is believed
to be related genetically to the thrust fault. Just what happened to
the Moose Creek fault between the Baxter and Buffalo faults is not
clear. No trace of it is apparent in the Buffalo mine workings or in
a 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 Buffalo
faults has been offset horizontally more than 1,500 feet to the south-
east, moving the thrust fault beyond the range of the drill holes, or
the thrust fault was not developed in the Buffalo block, the hori-
zontal displacement that it represents being taken up by lateral
movement along the Buffalo and Baxter faults. According to the
first interpretation, the thrust fault is older than, and consequently
displaced by the transverse tear faults; according to the second, the
thrust and tear faults would have been developed almost simulta-
neously. In the light of present evidence the writers favor the second
interpretation.

The dip of the Moose Creek fault, averaging about 40° SE., is
less than the prevailing dip of the strata, so that part of the strati-
graphic section has been eliminated. At several places, described
on the following pages, coal beds that normally oceur 300 to 400 feet
below the Wishbone formation are faulted against it in complex folds.

Along most of its extent the fault constitutes the contact between
ridge-forming conglomerate of the Wishbone formation that dips
80°-50° SE. and strata of the Chickaloon formation that have been
compressed into tight and locally overturned folds. The fault thus
represents a boundary of structural discordance between resistant
Wisghbone and relatively incompetent Chickaloon strata. The part
of the fault that appears to have the greatest displacement borders
an area of exceptionally tight folding and complex faulting in the
Chickaloon formation, which suggests that the folding and thrusting
were at least in part concomitant. '

The Moose Creek fault was found in the Baxtgr mine, where it
marks the eastern limit of the workings (pl. 8). According to mjne
records, the fault dips 42° SE. and brings conglomerate of the Wish-
bone formation in the hanging wall opposite beds of the Premier coal
group in the footwall. About 1,400 feet upstream from the Baxter
mine the fault, dipping 40° SE., is exposed in the bluff. Here, as in

the Baxter mine, coal beds of the Premier coal group are faulted
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against conglomerate of the Wishbone formation (pl. 9, section 0-C").

Although direct evidence of the continuity of the Moose Creek fault
throughout its inferred length is lacking because it is mostly concealed
by slide rock from the overlying conglomerate cliffs, the assumption
of continuity, at least within the segments separated by the Buffalo
block, offers the most reasonable explanation of various stratigraphic
and structural anomalies.

STRUCTURE ALONG MOOSE CREEK

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 Creek. There the Chickaloon has been com-
pressed into a series of folds, in which the horizontal distances from
crest to trough average 800 to 400 feet. The southeast limbs of the
anticlines are steeper than the northwest limbs and in places the beds
have been overturned. Thus the folds are asymmetrie, with the axial
planes dipping northwestward. Most of them have a steep north-
eastward plunge.

Faults having displacements ranging from a few inches to a hundred
feef or more cut the Chickaloon formation and are numerous and
closely spaced in the tightly folded areas, especially at the axes of
folds. They are of three types: normal faults of diverse attitudes;
both high- and low-angle thrust faults, which are approximately
parallel to the strike of the beds and generally dip southeastward;
and steeply dipping horizontal-slip faults that cut obliquely across
the beds and in part parallel the major transverse or tear faults.

The structure of the Chickaloon formation along Moose Creek can
best be described by subdividing this part of the district into areas
separated by the major transverse faults.

RAWRBON AREA

The Rawson mine lies near the center of a structurally complex belt
that extends from the U. S. Bureau of Mines trenches east of the
Matanuska Center mine southwestward to the Buffalo fault (pl. 8).
The major structural features of this area are the Rawson anticline,
the Matanuska Center syncline, and the Moose Creek thrust fault.
Although abandoned, the Rawson mine and the small workings 300
feet to the southwest were accessible and were studied and mapped
by the writers. The workings of the Wishbone Hill mine on the
Rawson anticline were inaccessible, as were those of the Matanuska
Center mine. Maps of these two mines and a log of coal beds in the
Matanuska Center mine by J. J. Cerey, former mining supervisor,
were available to the writers. Chickaloon strata studied in the mines,
in surface exposures, and in cores from diamond-drill holes are badly
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broken by many faults, only a few of which could be shown on-the
map. -

In the Rawson and Wishbone Hill mines coal beds of the Premier
coal group were worked on both limbs of the Rawson anticline, whose
axis strikes approximately N, 80° E. and plunges 30° E. Several
faults cut the anticline; one nearly parallel to the axis brings bed 1
in the north limb workings of the Wishbone Hill mine almost into
contact with the same bed on the south limb.

Records of the attitude of the beds in the Matanuska Center mine
are lacking, and the only evidence of the structure is the trend of gang-
ways and airways shown on the mine map. Outcrops and workings
at the Wishbone Hill mine, a few hundred feet to the southwest, show
northerly dips away from the axis of the Rawson anticline; beds ex-
posed in outcrops and trenches northeast of the Matanuska Center
mine and in part directly over the rock tunnel at the nertheast end
of the workings show steep dips to the southeast or, where overturned,
to the northwest. These dips suggest that a synclinal axis passes
through the Matanuska Center mine. This inference is supported by
the two airways shown on the map (pl. 8), which, being driven for
most of their length on coal and rising to the northwest and southeast,
respectively, indicate that a northeastward-trending synclinal axis
passes between them. The axial plane probably intersects the cross-
cut tunnel immediately south of the gangway, as Corey’s log of the
beds in the crosscut tunnel suggests repetition southeast of this point.
This synclinal structure is here termed the Matanuska Center syncline.

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

The structure of the Chickaloon formation in the area between the
Rawson mine and the Buffalo fault is problematical. In this area a
large bedrock terrace, capped by glacial deposits, lies between Moose
Creek and the conglomerate hogback to the southeast. The only di-
rect evidence of the attitude of the beds was obtained from diamond-
drill holes 10 and 11 and a bulldozer trench north of these holes (pl. 8).
In both drill holes and the trench the beds strike northeastward and
are vertical. If the beds of the Premier coal group exposed under-
ground at locality 6 are assumed to extend southwestward on the same -
strike they would pass below the bottom of drill hole 10. The thick-
ness of beds penetrated by the drill, corrected for dip, is about 600 feet.
Elsewhere in the district the Premier coal group is known to lie only
about 200 feet below the base of the Wishbone formation; therefore
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the spparent interval indicated by the drill hole is at least 400 feet too
great. The most reasonable explanation is that the Chickaloon strata
revealed by drill hole 10 are duplicated by isoclinal folding. This
interpretation is supported by the log of the drill hole, which shows a
repetition, in reverse order, of a sequence including a single coal bed,
a claystone and siltstone member, a group of coal beds, a siltstone
member, and a sandstone member (pl. 9, section H-H’). Further-
more, such tight folding is in harmony with conditions found at the
nearby Rawson and Matanuska Center mines,

The group of coal beds that appears to be repeated in drill hole 10
is believed to be the Eska coal group, with which it agrees in thickness
and sequence. In the lower part of the hole, part of the group prob-
ably -has been cut out by faulting, as suggested by shattered core. Ac-
cepting the above correlation, the single coal bed found near the top
and also near the bottom of the hole probably is the Midway bed, the
only sizable coal bed known to occur apart from the coal groups. Such
correlation would in turn mean that the isoclinal fold crossed by drill
hole 10 is an anticline, separated from the Rawson anticline to the
northwest by a corresponding syncline (pl. 9, section H-H’). This
anticline probably plunges northeastward, like the Rawson anticline,
and the Premier coal group presumably has been removed by erosion
between a point about opposite drill hole 10 and the Buffalo fault to the

southwest (pl.8).

The structural effects of the Moose Creek fault ate apparent in the
vieinity of the Rawson mine, where southeastward-dipping conglom-
erate of the Wishbone formation has been thrust over tightly folded
Chickaloon strata, with elimination of about 700 feet of strata. Beds
of the Premier coal group, normally about 200 feet stratigraphically
below the base of the Wishbone formation, are present on the south-
east limb of the Rawson anticline only 300 feet below a distinctive bed
of resistant conglomerate that farther east, away from the fault, lies
about 800 feet above the base of the Wishbone formation (pl. 9, sec-
tions 7-7’,L-L’).

Similar elimination of strata is indicated to the southwest at drill
holes 10 and 11, where nearly vertical Chickaloon strata lie in the foot-
wall of the Moose Creek fault and conglomerate of the Wishbone for-
mation lies in the hanging wall (pl. 9, section HZ-H’). Here also
several hundred feet of Chickaloon and Wishbone strata have been
eliminated by the fault. Drill hole 11, directed southeastward at a
dip of 45°, was in the Chickaloon formation to a depth of about 96 feet
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
greenish-gray sandstone and siltstone, characteristic of the Wishbone
formation, were found. The gouge zone represents either the Moose
Creek fault or a subsidiary parallel fault.
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BUFFATO AREA

The Buffalo area is bounded on the northeast by the Buffalo fault,
and orn the southwest by the Baxter fault. Available information
indicates that the structure of this ares is much simpler, and conse-
quently much more favorable for mining operatiens; than the adjein-
ing Baxter and Rawson areas. As Chickaloon strata crop out ab enly
two points in the area, most of the structural information has been ob-
tained from mine workings and drill holes. Beds exposed northwest
of Moose Creek opposite the Buffalo mine dip 35°-60° NW.; those
exposed in the southeast bank of the creek below the mine dip 55°-65°
SE. (pl. 8). If these dips are representative & northeastward-trend-
ing anticline must underlie Moose Creek valley opposite the mine.
Southeastward dips ranging from 42° to 72° were measured in the
mine workings and inferred in several drill heles. The pesition of
coal beds in drill hele 1, southeast of the mine werkings, indicates that
the strike swings gradually to the north in that direction. Drill holes
9, MC-1, MC-2, and MC-3 were put down to test the coal beds down
dip from the Buffalo mine workings, and aro interpreted as showing
that the southeasterly dip continues beyond drill hole MC-3. This
interpretation is based on the correlation of the upper and lower groups
of coal beds in drill holes MC-1 and MC-2 as the Jonesville and
Premier coal groups, respectively (pl. 9, section F-F").

Three types of faulis of small displacement have been recognized
in the Buffalo mine. A normal fault, striking N. 40°-50° E. and
dipping 42°-60° NW. was traced through part of the northeast work-
ings above the 800 level; the northwest side is downthrown only a few
feet. A thrust fault, striking about parallel to the beds and ranging
in dip from a few degrees to 48° SE., cuts out the lower part of Buffalo
bed 2 for some distance along the northeast gangway at the 800 Ievel.
It also has displaced the beds only a few feet. A horizontal-slip fault,
striking N. 40° E. and dipping 55° NW., offsets bed 2 at the 1,000 level,
where the northwest side was displaced southwestward about 30 feet.
Evidence of faults was found in several of the diamond-drill holes in
the area. A thick shattered zone below the Premier coal group in drill
hole 3 probably represents a fault that cut out bed 1. In drill hole §
below the Eska coal group, shattered zones and disturbed stratification
indicate the presence of many faults.

. 'The Moose Creek thrust fault probably does not extend across the
Buffalo area, unless it has been offset to the southeast beyond drill
hole MC=3 by the Buffalo and Baxter transverse faults, which does

not seem likely.
BAXTER AREA

The structure of the Baxter area, which lies along the southeast side
of Moose Creek between the Baxter and Premier faults, is very similar
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to t.b,s.t of the Bawson area, being characterized by a series of rather
tight northeastward-plungmg folds. Most of the folds have been well
exposed in outcrops, mine workings, and drill holes. The principal
structural features of the area are the Moose Creek thrust fault, the
Baxter syncline, and the Burning Bed anticline. Two other synclines
and an anticline are inferred to lie north of and parallel to the Burning
Bed anticline. The general trend of the fold axes is N. 60° E. The
dips on the limbs are predominantly steep, ranging from 20° to
yertical, with local overturning to the southeast.

The Baxter mine, which was opened on beds of the Premier coal
group, was inaccessible at the time of this survey, but reports of earlier
mvoatl.g&tors were available. The portals of both main tunnel and
airway are on the northwest limb of the northeastward-plunging
Burning Bed anticline, but the main workings, on the so-called “Big
bed”, are on the southeast limb. Mining extended southward to the
axis of the Baxter syncline, where the coal was cut off by a fault,
Conditions in the Baxter mine were described by Chapin (1920, p. 166)
as follows:

# # # the bed is considerably broken and is cut off on both the nertheast and
gouthwest by faults, beyond which it has not been explored. The most promi-
pent fault is exposed at the southwest end of the drift from the lower level. At
this place it strikes N, 40° E. and dips 42° SE. and has faulted black slate against
massive conglomerate.

Chapin concluded that the prominent fault that cut off the coal was a
normal fault that had dropped overlying conglomerate to mine level.
The writers belieye a more plausible interpretation is that it is a thrust
fault, probably the Moose Creek fault, which has thrust conglomerate
of the Wishbone formation northwestward over the tightly folded
strata of the Chickaloon formation.

The Burning Bed anticline is well exposed at locahty 3, in the
bluff southeast of Moose Creek, both in outerops and in an old tunnel
that cuts beds of the Eska coa] group on both limbs (pl. 8). At this
point the anticline plunges about 30° NE. and the axial plane dips
northwestward; the southeast limb is very steep and is locally
overturned.

Diamond-drill hole 7 was inclined 45° to the southeast with the
expectation of intersecting at depth the coal beds exposed near the
cregt of the anticline. Not only did the hole fail to intersect the coal,
but it revealed that stratification at depth is nearly parallel to the
hole, which was taken to indicate a southeastward dip and the presence
of a synclinal axis between the Burning Bed anticline and the collar
of the drill hole (pl. 9, section B-B’). Changes in strike of beds
exposed in the creek bluff agree with this interpretation.

Faults are abundant and closely spaced in the Baxter area, especially
near the axes of folds. Thrust faults are the commonest type and
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tend to parallel the strike of the beds, causing both elimination and
repetition of strata. In the tunnel that crosses the Burning Bed
anticline complex faulting was evident at the axis.

PREMIER AREA

The dominant structural feature of the Premier area is a northeast-
ward-plunging segment of what is believed to be the Wishbone Hill
syncline. The segment and the Premier mine workings are bounded
on the northeast by the transverse Premier fault, so that the mine
gangways are U-shaped in plan (pl. 8). The synclinal axis strikes
N. 50° E. and plunges about 25° NE. The syncline itself is asym-
metrical, with the northwest limb dipping as much as 70° SE. and the
aautheast limb averagmg about 45° NW. At the time of this investi-
gation only the main crosscut tunnel and the upper part of the slope
workings on the northwest limb were accessible, the lower workings,
including all on the southeast limb, having been accidentally flooded
in 1933.

The Chickaloon formation in the Premier area is cut by many faults,
Several were seen by the writers in the mine workings on the northwest
limb, and mine maps show four radiating faults near the synclinal
axis. Another fault of considerable displacement dips 70° NW., on
the southeast limb. On the east side of Moose Creek between localities
1 and 2 a normal fault, with the west side downthrown, has displaced
the base of the Wishbone formation (pl. 8). In the small mine in the
Jonesville coal group just south of drill hole 6 what is probably the
same fault marks the eastern limit of the coal. Drill hole 6 probably
passed through several faults, judging from the abundance of gouge
and shattered rock in the cores.

Attempts to prepare a structure section of the Premier area revealed

two anomalies. The first is the absence of the Premier coal group in

drill hole 6, although the hole was continued far below the maximum
depth to which the beds could be projected from the southeast-limb
mine workings. The second is the excessive interval between the
Jonesville and Premier coal groups on the northwest limb of the
syncline, which is about three times the interval between the bed 3
gangway on the southeast limb and the probable position on the same
limb of the Jonesville group projected across the inferred synclinal
axis from exposures in the bluff near drill hole 6. (See pl. 9, section
A-A4")

The absence of the Premier coal group in drill hole 6 probably can
be best explained by faulting, for which there was abundant evidence
in the core. The reason for the excessive interval between the two
coal groups on the northwest limb is less apparent. Duplication of
beds by undetected folds or faults would seem to be ruled out by the
fact that no evidence of structures of sufficient magnitude appears
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in nearby mine workings. However, in view of the absence of any
other explanation, the possibility is suggested that one or more hinge

‘faults, which die out southwestward before reaching the mine work-

ings, pass between the known positions of the Jonesville and Premier
beds on the northwest limb and involved enough downthrow on the
northwest to produce the necessary thickening of the section.

The group of coal beds penetrated near the bottom of drill hole 6
is believed to be the Burning Bed coal group, which in the Baxter
and Buffalo areas lies 350 to 400 feet stratigraphically below the
Premier coal group.

TSADAKA CANYON

Two bedrock formations are exposed in the walls of Tsadaka Canyon
(pl. 2). The Tsadaka formation is present in the northern half of
the canyon and rests with marked angular unconformity on the Chicka-
loon formation, which occupies the southern half of the canyon and
adjoining bluffs along the Matanuska River. The unconformity be-
tween these two formations is well exposed in the middle part of the
canyon, in the SE1,SW1/ sec. 34, T. 19 N., R. 2 E. The two forma-
tions differ markedly in degree of folding, but a prominent set of
faults was found in both. These faults, found at various points
throughout the canyon, vary in strike from N, 10° E, to N, 15° W. and
are approximately vertical; horizontal slickenside grooves were seen
on several fault faces, but at two points the grooves plunged 45° S.
and at another point, 70° S. Other faults were found that cut only
the Chickaloon formation; they strike approximately east and are
either vertical or dip steeply southward.

Dips in the Tsadaka formation range from 4° to 12°. A dip of
42° S. was measured in strata of uncertain age exposed on the west
side of Moose Creek at the entrance to the canyon below Premier.
These strata may be in the Chickaloon formation, in which case the
Tsadaka-Chickaloon contact, and consequently the fault that was
inferred as forming the contact at this locality, should be moved south
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 a broad, gentle southwestward plunging
syncline, here termed the Tsadaka syncline (pl. 2). The underlying
‘Chickaloon formation is much more strongly folded, with dips as high
as 55° and averaging 30°-35°; nevertheless its structure appears to be
simpler than that of the Baxter and 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 the structural
complexity that hindered development of mines farther upstream.

Two major fold axes, both striking about N. 75° E. approximately
parallel to the Wishbone ITill syncline, are present in the Chickaloon
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Tuxedni, and Talkeetna formations of Jurassic age being
absent. The absence of pre-Naknek rocks may be accounted
for by the lower Upper Jurassic unconformity mentioned
above, or the entire hiatus may represent the Early Cretaceous
unconformity.

Deposition of the Upper Cretaceous (?) Arkose Ridge forma-
tion, the granitic source of which was to the north in the heart
of the Talkeetna Mountains area. This formation, of non-
marine proximal facies at its type locality on Arkose Ridge,
probably was deposited within the area of the Matanuska
Valley, where it may now underlie the Matanuska formation.
As mentioned in the description of the Arkose Ridge forma-
tion, a clastic unit exposed at the base of the Matanuska
formation in the upper Matanuska Valley is believed to be
equivalent to the Arkose Ridge formation.

Deposition of the marine Matanuska formation of Upper Cre-
taceous age, which is about 4,000 feet thick. Matanuska sedi-
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.

Regional emergence and withdrawal of the sea, with the pos-
gibility of some folding at the close of Cretaceous time. Sedi-
ments of the uppermost part of the Cretaceous system have
not been recognized anywhere in Alaska.

Deposition of the nonmarine Chickaloon formation of Paleo-
cene( ?) age, about 4,000 feet thick in the district. It was laid
down on the Matanuska formation, which may have undergone
some minor folding and beveling by erosion. Chickaloon depo-
sition may have been greatest in the present lowland areas but
probably extended a few miles north into the area of the
present Talkeetna Mountains. 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 fluvial plain with coal-forming marshes
standing but slightly above sea level.

Deposition of the Wishbone formation of Paleocene(?) age
conformably on the Chickaloon formation. The rather sudden
coarsening represented by the Wishbone reflects the beginning
of emergence of the Chugach Mountains area. The fine-
grained igneous detritus that comprises half or more of the
conglomerate probably was derived mostly from a belt of
Talkeetna formation and intrusive rocks that was elevated
along the south side of the Matanuska Valley.

Strong folding and faunlting in the Matanuska Valley at the
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close of Paleocene(?) time (Laramide) and intense deforma-
tion in the Chugach area, Most of the present structure of
the Wishbone, Chickaloon, and Cretaceous formations origi-
nated at this time, and the deformed strata, including the rocks
in the Wishbone Hill syncline, were beveled by erosion. The
Chickaloon and Matanuska formations were eroded from the
rising Talkeetna Mountains area, where a broad erosion surface
was developed that is represented today by flat-topped ridge
crests on the west side of the Talkeetna Mountains and by the
generally accordant summits,

Emergence of the Talkeetna area in Eocene time, the southern
margin of the rising area being defined by movement along
the Castle Mountain thrust fault. The Matanuska Valley
originated at this time as a structural trench between the rising
Talkeetna and Chugach areas. Concurrently with this eleva-
tion, alluvial fans of coarse granitic debris were built out
southward into the valley to form the coarse conglomerate of
the Tsadaka formation. The conglomerate and interbedded
arkosic sandstone and siltstone were deposited on the folded
and eroded Chickaloon and Wishbone formations. The Tsa-
daka formation probably is equivalent to the extensive con-
glomerate and sandstone unit north of Boulder and Chitna
Creeks in the upper Matanuska Valley, which rests on several
different formations including the Lower Jurassic (Capps,
1927, p. 45-46). It may also be equivalent to the coal-bearing
formations in the Little Susitna and Homer districts.
Further rise of the Talkeetna and Chugach areas in later
(post-Tsadaka) Tertiary time and change from a temperate
to a relatively cold climate. Further deformation is indicated
by gentle folding of the Tsadaka formation and by faulting.
Faults observed in this formation in Tsadaka Canyon are
transverse to the fold axes, as are transverse faults that cut
the Chickaloon and Wishbone formations in Wishbone Hill,
Thus it seems that at least part of the movement along the
transverse faults is relatively late and postdates the folding.
Erosional beveling of the folded Tsadaka and older forma-
tions.

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 and older sedimentary
formations. Three basaltic dikes are known in the Wishbone
Hill district, but whether or not flows occurred in this district
is conjectural. Basaltic lavas and tuffs are widely distributed
throughout the eastern part of the Talkeetna Mountains and
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are found in isolated areas in the upper part of the Matanuska
Valley. The nearest occurrenee is on top of Castle Mountain,
where lava flows uncenformably overlie conglomerate believed
to be equivglent to the Wighbone formation.

(19) Continued erosion, with removal of the layas from most of the
Matanuska Valley. Development of the modern streams, in-
eluding Moose, Eska, and Granite Creeks.

(20) Extensive glaciation, which at its maximum filled the lower
Matanuska Valley with ice to a depth of more than 3,000 feet,
and on recession left all but the steepest slopes covered with
morainic deposits ranging from a few feet to g fow hundred
feet in thickness. During or shortly after the last stages of
glaciation terrace gravels were depesited along the major
streams, and several landslides occurred on Wishbone Hill,
probably on slopes that had been oversteepened by glacial
sapping.

(21) Postglacial erosion, with reestablishment of drainage, includ-
ing the cutting of Tsadaka Canyon by Moose Creek.

COAL
GENEBAL DESCRIPTION OF COAL UNITS

The coal beds of the Wishbone Hill district occur in four groups
of three or more beds, in addition to which there is one exceptionally
persistent bed that is not part of a group. These coal units are sep-
arated by relatively thick sections of strata containing only a few
coal beds that are either too thin or too local in extent to be of walue.
The following names have been applied to the coal units, in erder from
oldest to youngest : Burning Bed coal group, ¥ska coal group, Midway
coal bed, Premier coal group, and Jenesville coal group. 1In addition,
local group and bed names or numbers have been used at the various
mines in the district. This investigation established for the first time
the faot that the coal beds that had been mined for many years at
oppasite ends of the district are in the same coal groups.

BURNING BED COAL GROUP

Southwest of the Baxter mine on Moose Creek a prominent cliff
affords excellent exposures of the Chickaloon formation. At a peint
in the cliff opposite drill hole 7 the Burning Bed coal group, the lowest
coal unit in the Wishbone Hill district, is completely exposed on both
limbs of the Burning Bed anticline. Both the anticline and the coal
group take their name from a coal bed that has been burning in the
face of the cliff for many years. The coal group consists of several
relatively thin beds of coal scattered through a coaly section about 125
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feot thick. Cosl has beén mined at this locality in small work:'mgs
sho'wn on plate 8.

"Fhié coaly secfion penetratéd near the bettom of drill hole 6 in tho
Prémidr ares 16 believed to be equivalent to the Burning Bed coal
gréup. In the Buffalo area drill holes 1, 2, and b pass through this
ooal group, which i§ about 70 feet thick at this plaee, contains four
bods of conl rore than 3 fest thick, and les about 200 feet stratigraph-
ically below thie base of the Eska caa} group (pl 5). Bed 1 near the
portal of the Métdnuska Centér mine probably is part of the Burning
Bed group.

In the eastern part of the district a coal group probably not more
thar 85 feet thiek occupies & stratigraphic position similar to that of
the Burning Bed group and is eorrelated with it. The group is ex-
posed in the Eslea crosscut tunnel near the portal and was tracéd along
the north slope of Wishborie Hill as far west as locality 20 (pl. 5).
Woiia of the coal beds of the group are rinable under present
soxditions.

ESKA COAL GROUP

The Eska coal group, 60 to 75 feet thick, includes the Eska, Shaw,
and Martin beds, which have been mined on both sides of Eska Creek
in the old Eska mine workings and on the west side of the creek in
the more recent workings (pls. 5, 10). This group was traced west-
ward along the north slope of Wishbone Hill to locality 16. In the
Esgka mine area the top of the group is 270 feet below the base of the
Premier coal group. This interval decreases westward to 150 feet at
Iocality 16. In the Evan Jones crosscut tunnel the Eska coal group
in¢ludes bed 10 and adjacent unnuribered beds. In outerops on the
niorth slope of Wishbone Hill west of the Evan Jones crosscut tunnel,
the group consists only of 4 carbonaceous zone including several coal
Iayers too thin to be of economic importance. The group was found
in drill holes west of Jonesville on the south limb and near the axis
of the Wishbone Hill syncline.

In the western part of the district the Eska coal group is exposed
in several outerops along Moose Creek, was found in drill holes 1,
2, and 4 in the Buffalo mine area, probably in drill hole 10, and is
exposed in the crosscut tunnel of the Matanuska Center mine and the
powder-house tunnel at the Buffalo mine (pl. 8). In the Moose Creek
area the group is 45 to 60 feet thick, lies about 175 feet below the base
of the Premier coal group, and includes three or more beds. No coal
has been produced from this group on Moose Creéek.

MIDWAY COAL BED

At several localities in the Moose Creek area an isolated coal bed
of minable thickness was found below the Premier coal group (pl. 5).
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Its stratigraphic distance from the base of the group differs consid-
erably from place to place, probably due in part to faulting, but aver-
ages about 75 feet. In the mines on Moose Creek the bed is repre-
gented by bed 5 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 Buffalo
area, probably in drill hole 10, and was seen in outcrops near the
Baxter mine and east of the Matanuska Center mine. Because the bed
is locally of minable thickness and quality, and lies roughly midway
between the Eska and Premier coal groups, it has been named the
Midway bed.

In the eastern part of the district bed 9 of the Evan Jones mine
and an equivalent bed in the Eska area occupy the same stratigraphic
position as the Midway bed and are believed to be correlative with it.
A bed at this position also was found in drill holes on the south limb
of the Wishbone Hill syncline west of Jonesville (pl. 10). The Mid-
way coal bed is missing at only two of the localities where the section
between the Premier and Eska coal groups 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 appears to have been replaced by a sandstone lens. Thus this
bed, although isolated stratigraphically from the coal groups, appears
to be one of the most persistent coal units of the district.

PREMIER COAL GROUP

The largest amount of minable coal in the western part of the dis-
trict is in the Premier coal group, which has been worked in the
Premier, Baxter, Buffalo, Rawson, Wishbone Hill, and Matanuska
Center mines. In this area the group has a total thickness of 90 to
100 feet, about one third of which is coal. On the north slope of Wish-
bone Hill the top of the Premier coal group is 170 to 220 feet strati-
graphically below the base of the Jonesville group.

The Premier coal group extends with little change in thickness and
character for a distance of about 5 miles, from the Premier mine on
Moose Creek to locality 15 on the north slope of Wishbone Hill (pl. 5).
At locality 15 bed 8 of the Evan Jones mine, which apparently is
absent in the Moose Creek area, appears at the base of the group and
is considered a part of it. The thickness of the Premier coal group
increases eastward, from 100 feet at locality 15 to 260 feet in the
Evan Jones crosscut tunnel, thereby more than doubling in thickness
in about 114 miles. The thickening is due to an increase in the amount
of siltstone and silty claystone rather than coal, so that the unit
changes from a compact group of closely spaced coal beds in the west-
ern part of the district to an aggregation of rather widely spaced beds
in the eastern part. ,
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- The original depositional thickness of the Premier coal group prob-
ably was about the same in the two parts of the district, the present
stratigraphic difference being due largely to differential compaction.
This possibility was checked by making rough computations of the
original or precompaction thickness of the Premier group in the two
areas. Each measured unit of coal, bony coal, bone, coaly claystone,
claystone, 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
claystone 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-
stone is believed to undergo only negligible compaction, so a factor of
1 was used ; and for siltstone a factor of 1.5, intermediate between clay-
stone and sandstone, was assumed. For the compaction of surficial
peat to bituminous coal 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
t.hose for coal (15) and claystone (2). The results of these com-
putntxons indicate that the eastward increase in thickness of the Pre-
mier coal group is due primarily to differential compaction of de-
posits of differing composition and not to eastward thickening into a
depositional basin.

The Premier coal group extends eastward without additional thick-
ening from the Evan Jones crosscut tunnel into the Eska area, where
beds 7, TA, 7B, and 8 of the Evan Jones mine have been correlated
with the Chapin, Maitland, David, and Emery beds, respectively
(pl. 5). The group probably is represented also by beds in several
diamond-drill holes west of Jonesville on the south limb and near the
axis of the Wishbone Hill syncline (pls. 10, 14).

JONESVILLE COAL GROUP

_ The Jonesville coal group takes its name from the mine camp of
Jonesville, where it was first exposed in the old south-limb workings
of the Evan Jones mine. It includes the uppermost coal beds of the
Chickaloon formation in the Wishbone Hill district, and the top of
the group marks the top of the Chickaloon formation as defined in
thisreport. The group is about 120 feet in total thickness and includes
beds 1 to 4 of the Evan Jones mine (pl. 10). Coal beds of this group
are exposed at several localities on the north side of Wishbone Hill
(pl. 5), and bed 3, or a combination of beds 2 and 3, is currently being
mined on the north limb of the Wishbone Hill syncline in the Evan
Jones mine. Beds of this group have been identified in drill holes
west of Jonesville (pls. 10, 14) on the south limb, and near the axis
of the syncline.
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The Jonesville conl group is éxposed in the éast baik 6f Moose
Creek at the Prémier mine benesth a ¢liff of conglomersts 6f the
Wishbone formation, and was found in neéarby drill hole 6. A. siall
amount of coal was mined from beds of this group in old workings
just south of the drill hole (pl. 8). The coal beds heré are of poorér
quality than in the Evan Jones mine.

CONDITIONS OF DEPOSITION

The coal and associated clastic beds of the Chickaloon formation
are interpreted as having accumulated under humid, temperdteé limstie
conditions on an extensive interior plain standing but slightly sbove
sea level and traversed by aggrading streams whose héadwaters were
far to the north and northeast in the Talkeétna Mountaing ares. The
fossil flora, which includes 38 modern genera, indicatés that the plain
supported a redwood forest rather similar in coniposition to the
modern California coastal redwood forest. Living on the plain were
species of redwood (metasequoia), oak, alder, myrtle, walnut, willow,
cottonwood, cypress, dogwood, magnolia, viburhurm, and 6ther geriéra.
Perhaps this flora could thrive inland and dway froiit the océdri fogy
if the aggrégate annual rainfall were sufficient and if £hs rainfall and
temperature were regionally rather uniform throtghout the yéar.

Sediments that accumulated on the plain were depositéd in river
flood plain and swamp énviroriments. Clastic intervals represent times
when river sedimentation held sway. Local bodies 6f conglomerdte
and coarse sandstone, generally lenticular, probably aré chdannel or
near-channel flood-plain deposits. Beds of fine sandstone, siltstons,
and silty claystone were laid down during times of flood on the broad
flood plains. The larger claystone beds probably were deposited
stagnant flood-plain lakes and ponds. Although these clastic deposits
abound in the remains of the forest that they supported, the coal beds
show no megascopic woody structure or megascopically identifiable
plant remains. Consequently, until thin-section studies of the coals
are made, there is no information as to the identity of the coal-forniing
plants.

In contrast with the conditions represented by the clastic infervals,
the coal-bearing units represent times when the gradient of the plain
was almost nil, when streams were sluggish and drainage mostly
choked off, and when the water table rose to the extent that the area
was largely inundated and swamp conditions held sway, The rela-
tively pure beds of coal were formed in areas of the swamps that were
not accessible to floodwaters, whereas the bony coal, bone, coaly ¢ldy-
stone, and claystone layers (markers) in the coal beds represent condi-
tions under which the floodwaters had temporary and limited access
to the swamps. The thickening and increase in elastic content of the
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Premier coal group in the eastern part of the district suggests an
eastward trend from a continuously sustained swamp condition to a
condition under which the “Premier” swamp was periodically sub-
jected to influx of flood-plain silts from the east.

PHYSICAL AND CHEMICAL PROPERTIES

The coal of the Wishbone Hill district is of high-volatile B bitumi-
nous rank, and is generally considered to be noncoking, although tests
of certajn beds indicate poor to fair coking properties (Cooper and
others, 1946, p. 48-56). It is a good steam coal and is used extensively
for power generation and heating in the Anchorage area. It is the
only coal in the Alagka Railroad belt that is suitable for use in
locomotives.

In appearance the coal is generally black and lustrous, although
locally it has alternating bright and dull laminae. It commonly has
two well-developed cleats at right angles to each other and to the bed-
ding, which gives it a roughly cubic fracture and causes it to shatter
readily to small sizes. Many observations in various parts of the
Eska mine show that the cleats maintain fairly constant directions,
which are independent of the dip of the beds. For example, the prom-
inent cleat that strikes northwest, approximately parallel to the dip
of the beds on the south limb, maintains this strike as the beds swing
around fo cross the axis of the plunging syncline.

The ash content of the coal ranges from 4.5 to 25 percent, but because
of slabby roofs and many clay partings in some beds the amount of
ash in the mine product may run as high as 40 percent. The coal in
many beds does not break free from the included partings or the bony
floor, so that both crushing and washing are essential steps in the
preparation of a satisfactory shipping coal.

Analyses of coal from the Wishbone Hill district are given in the
following table. The analyses represent a stratigraphic range of
about 850 feet and a lateral extent of 7 miles. No significant changes
in the character of the coal are apparent, either from bed to bed or
from place to place, the principal differences being in the ash content.

The coal beds of the Wishbone Hill district include all gradations
from relatively clean coal to claystone, which for purposes of descrip-
tion have been divided into the following five types: coal, bony coal,
bone, coaly claystone, and claystone. Detailed graphic sections of the
principal coal beds of the district are shown on plates 11-18 and 15-18.
In these sections the intermediate types of coaly material are repre-
sented as having the following average proportions of coal: slightly
bony coal, 88 percent; bony coal, 75 percent; bone, 50 percent; and
coaly claystone, 25 percent. Two types of material have been classed
as bony coal; one, in which the impurities are rather evenly dissemi-
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nated, has a dull luster and is dark brownish gray; the other consists
of lustrous black coal containing laminae of carbonaceous claystone
or dull bands of impure coaly material. Bone is commonly dark
brownish gray, has a shaly parting, and is relatively heavy and tough
compared with coal. Also classed as bone are layers consisting of
alternating thin bands or lenses of relatively clean coal and carbona-
ceous claystone. This type of bone grades into coaly claystone by
decrease in the number and thickness of coal lenses.

Many of the coal beds in this district, particularly in the eastern
part, contain unusually large amounts of bony material, which fact
adversely affects the quality of coal that can be produced by washing.
The results of a general coal-preparation study of coals from the
Eska and Evan Jones mines by Geer and Yancey (1946, p. 17) led to
the following conclusions regarding the beds that were being mined
at the time of the study:

An impertant factor that must be considered in connection with the utilization
of coals from this district is that their specific-gravity composition imposes a
lower limit for the ash content to which they can be washed with a reasonable
yleld of washed coal. This factor is inherent in the character of the coal and,
therefore, applies even when the coal is treated in modern, well operated, washing
equipment. Washed coal having a minimum ash content of 14 percent can be
produced, but only with a sharp sacrifice in yield. If coal of less than 18 percent
ash is required, its enhanced value must justify the increased cost of preparing
such a product.

Although no similar studies have been made of coal from the western
part of the district, past experience at the Premier and Buffalo mines
indicates that certain beds in the Moose Creek area are capable of
yielding a much cleaner product than those of the Eska and Evan Jones
mines.

DETAILED DESCRIPTION OF COAL BEDS
- ‘Although the main coal groups were traced with reasonable certainty
between the eastern and western parts of the district, the individual
coal beds within the groups could not be so traced, owing to the scarcity
of exposures and to lateral changes in character and thickness. For
this reason the detailed descriptions of the coal beds of the two parts
of the district are given separately.

EASTERN PART OF WISHBONE HILL DISTRICT
BURNING BED COAL GROUP

A series of thin but rather persistent coal and coaly claystone beds,
not individually named, lies 200 to 800 feet stratigraphically below
the Eska coal group. These beds are correlated with the Burning
Bed coal group of the western part of the district on the basis of
similarities in stratigraphic position and general character.
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About 300 feet inside the portal of the Eska crosscut tunnel the

group consists of about 20 feet of coaly claystone, bone, and coal,

including two coal beds about 2 feet thick and three thinner beds. Om
the north slope of Wishbone Hill at locality 25 the group has a tetal
thickness of at least 35 feet and contains thrée coal beds 1 to 2 feet
thick and several thinner beds and coaly zones. At locality 20 it is
represerited by a zone less than 15 feet thick containing one 12-inck
coal bed and a few thinner ones; farther weset the zone appeéars to
pinch out.
ESKA COAL GROUP

The Eska coal group, comprising the Eska, Shaw, and Martin beds,
has been mined extensively on both limbs of the Wighbone Hill syn-
cline in the Eska mine. On the north limb it has been traced at the
surface, by means of outerops and auger borings, from the E¢ka fault
zone westward to the Jonesville fault. Bed 10 and two adjacent un-
numbered beds in the Evan Jones tunnel are believed to be the con-
tinuation of the Eska coal group west 6f the Jonesvillé fault. This
correlation was suggested by the general similarity of the beds, both
as a group and individually, even to the presence of a hard clay part-
ing near the roof of the upper bed that closely resembles the charae-
teristic Eska “marker”. It is supported by comparison of complete
stratigraphic sections of the Chickaloon strata exposed iti the two
areas, which reveals such striking similarity in the number, spacitig,
and character of coal beds as to leave little doubt of a genersl cortela-
tion that matches bed 10 and the two adjacent coal beds with the Eska
coal group.

The Eska coal group is exposdd at surface localitiey 16, 17, 18,
20, 21, and 22, on the north slope of Wishbone Hill (pls. 4, 5). Cor-
relation of the coal at these expogires with the Eska coal group is
based on its gross resemblance to the group farther east, and on its
stratigraphic position below bed 8, whose position is well marked by
many mine airways.

MARTIN EED

The lowest mémbet of the Eska coal group is the Martin bed, which,
as mined at Eska, generally consists of two benches of clean coal 114
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 coal bed locally as much as 2 feet thick closely underlies the lower
bench of the Martin but has never been mined. The main benches as
well as the partings range considerably in thickness, so that within
short distances the bed may change from a minable coal bed with a
relatively thin parting to two thin coal beds scarcely worth mining.
In diamond-drill hole 13, northwest of Eska, which reached the
Martin bed about 350 feet down the dip from the north-limb 960 level
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of the Eska mine, the Martin consists of a single bed about 814 feet
thick, of which the upper 114 feet and the lower 314 feet are largely
bone and the other 314 feet is relatively clean coal (pl. 11, section 7).

The Martin bed was mined on both limbs of the syncline west of
Eska Creek, but east of Jiska Creek the only development was a short
tunnel on the north-limb outcrop. It was identified in one, and
possibly more, diamond-drill holes east of Eska Creek drilled in 1947
(pls. 10, 12). In the NW1,NW1 sec. 15, T. 19 N., R. 3 E., the
Martin bed in drill hole 1 includes two 3-foot benches, each containing
two thin partings, separated by 1 foot of coaly claystone (pl. 11, see~
tion 14); in drill hole 2 the bed contains a single bench of ceal 1.6
feet thick underlain by several feet of interbedded claystene and. <
bone; and in drill hole 3 it includes nearly 7 feet of slightly bony coal
in three benches separated by 1-foot partings of claystone (pl. 12).
In the SE14,SW1/ sec. 10, the possible equivalent of the Martin bed
in drill hole 7 is about 10 feet thick, including 6 feet of slightly bony
coal, in three benches separated by 2-foot partings of coaly claystone
{pl. 12).

In the Evan Jones tunnel an unnumbered bed that lies about 20
feet below bed 10 has been correlated with the Martin bed (pl. 5).
At this point it consists of an upper 214-foot bench of relatively clean
coal and two thinner benches containing 1 to 2 feet of clean coal
(pl. 11, seetion 4). On the north slope of Wishbone Hill complete
sections of the Martin bed were obtained only at localities 20 and 21.
At both points the bed includes an upper bench containing less than
2 feet of coal and a lower bench composed of bone and a few thin coal
lJayers. At locality 16 a section probably representing at least a part
of the Martin bed includes a 1.7-foot bed of clean coal (pl. 11, sections
1-3).

) SHAW (NO. 10) BED

The Shaw bed of the Eska mine has been mined on the north limb
of the Wishbone Hill syncline on both sides of Eska Creek and on the
south limb west of the creek. In most places the Shaw bed consists
of two distinct benches that are known locally as the upper and lower
Shaw.

In the old East Shaw workings the upper Shaw is present only
as a zone of coaly shale (Tuck, 1937, p. 206), but the lower Shaw
consists of a 5-foot coal bed that includes 8 inches of shale in three
partings and is somewhat bony at the base. The Shaw bed was found
in several diamond-drill holes northeast of Eska. In drill hole 1 the
upper Shaw (pl. 11, section 45) consists of 3.6 feet of clean coal, sep-
arated by 2 feet of claystone and bone from the lower Shaw (pl. 11,
section 30), which includes 5.8 feet of partly bony coal. In drill hole
2 the Shaw is essentially a single bed about 12 feet thick, consisting

868587—56——0b
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of partly bony coal and including two 1-foot shaly partings (pl. 12).
In drill hole 3 the upper Shaw is about 6 feet thick, including 2 1.7-
foot coaly claystone parting, and the lower Shaw, beneath a 214-foot
elaystone parting, contains a little more than 3 feet of clean coal
grading into bone at both roof and floor (pl. 12).

In mine workings west of Eska Creek the upper Shaw ranges in
thickness from 214 to 4 feet and commonly includes one to three hard
claystone markers an inch or less in thickness. The lower Shaw has,
a total thickness of 8 to 5 feet but includes as many as five claystone
partings 1 to 2 inches thick. The lower bed was mined to some extent
on the north limb on both sides of Eska Creek; elsewhere it has not
been mined, largely because it is too close to the upper Shaw to be.
mined separately and because the large amount of rock in the lower.
Shaw partings and in the thick parting between the two benches made.
the simultaneous mining of both benches impracticable.

- In drill hole 13, northwest of Eska, the Shaw bed consists of two,
8-foot, benches of bony coal and 1 foot of clean coal, separated by
3-foot claystone partings (pl. 11, sections 25, 40).

In the Evan Jones tunnel bed 10, the equivalent of the Shaw bed,
consists of two benches, each about 214 feet thick, separated by 1 foot
of coaly claystone (pl. 11, sections 18, 34). The upper bench is clean
coal with a single siliceous claystone parting about inch thick. The.
lower bench includes only 1 foot of clean coal, the upper and lower.
parts being bony. This bed has not been developed in the Evan Jones_
mine..

At locality 21, on the north slope of Wishbone Hill, the Shaw bed
consists of two benches of clean coal 14 to 18 inches thick separated
by more than 2 feet of coaly claystone. A similar section is exposed
at locality 20, but farther west both benches become progressively-
thinner and grade into coaly claystone.

ESKA BED

The Eska bed, like the Shaw, was mined on the north limb on both
gides of Eska Creek and on the south limb west of the creek. In the.
old Eska East workings the bed ranges from 214 to 314 feet in thick-.
ness, including a few thin bony streaks and partings. In drill hole 1
east of Eska Creek the Eska bed consists of a 3-foot bed of clean coal
with a 8-inch bone parting, underlain by 6 feet of interbedded coal
and bone (pl. 11, section 62). In drill hole 3 it consists of about &
feet of slightly bony coal, underlain by 314 feet of dirty coal and
bone (pl. 12). Possibly it is represented in drill hole 2 by about 4
feet of interbedded clean coal and bony coal, and in drill hole 7 by 814
feet of interbedded bony coal and claystone. :
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As typically exposed in the west Eska workings the Eska bed con-
tains 8 to 4 feet of coal, of which the lower 1 to 2 feet is bony and the
upper part is relatively clean coal with no persistent partings. Lo-
cally this bed attains a total thickness of as much as 7 feet, but much
of the added thickness consists of bony coal. The bed is thickest on
the south limb and thinnest at the west end of the north-limb workings,
where it contains little more than 2 feet of coal.

In the Evan Jones mine the Eska bed is represented by 214 feet of
slightly bony coal that lies about 15 feet stratigraphically above bed
10 in the crosscut tunnel (pl. 11, section 50). At locality 21 it con-
sists of about 10 inches of coal, which grades downward through bone
into coaly claystone. Between localities 17 and 21 the Eska bed in-
cludes 12 to 18 inches of coal underlain by bone, and at locality 16,
it is represented only by a 10-inch layer of bony coal.

MIDWAY (NO. #) COAL BED

‘When the Evan Jones crosseut tunnel was extended northward from
bed 8 in search of underlying coal beds, a coaly zone was reached about
90 feet stratigraphically below bed 8 and was designated bed 9. A
coal bed at a correspondingly stratigraphic position, roughly midway
between the Eska and Emery beds, crops out in the west bank of Eska
Creek in the SE14NE% sec. 16, T. 19 N,, R. 3 E. At this point it
includes two benches of clean coal 12 to 18 inches thick, separated
by 314 feet of coaly claystone. On the basis of its stratgraphic posi-
tion and general similarity this bed was correlated with bed 9 of the
Evan Jones mine. Bed 9, in turn, occupies the same stratigraphic
position as the persistent Midway coal bed in the western part of the
district and is correlated with it.

The Midway bed was tentatively identified in three diamond-drill
holes east of Eska Creek. In drill hole 1 it consists of two 1.3-foot
benches of clean coal separated by 4 feet of claystone (pl. 11, section
71). In drill hole 3 it includes 2 benches of dirty coal, 134 and 214
feet thick, separated by 214 feet of claystone and ironstone. In drill
hole 7 the upper bench is 114 feet thick, including two 3-inch partings
of pyritic iron carbonate, and is separated by 3 feet of coaly claystone
from a lower bench containing 214 feet of clean coal (pl. 12).

In the Eska crosscut tunnel the Midway bed is not present in its
expected position, apparently having been cut out by a fault. In an
outerop in the NE14NW1; sec. 16, T. 19 N., R. 3 E,, it is represented
by a coal bed consisting of two benches about 114 feet thick separated
by 3 feet of coaly claystone (pl. 11, section 68). This bed was previ-
ously identified by Chapin (1921, p. 198) as the Emery bed, and its
nearness to the underlying Eska bed was cited by Tuck (1937, p. 192)
as evidence of rapid thinning of the intervening strata, but its iden-
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tity as an intermediate bed was established during the present inves-
tigation by tracing the Emery and other beds of the Premier group,
by means of trenches and auger borings, to positions more than 100
feet higher stratigraphically on the ridge to the sonth.

In drill hole 13, northwest of Eska, the Midway bed consists of
three 1-foot coal layers separated by 214 to 3 feet of rock (pl 11,
section 69). In the Evan Jones tunnel bed 9 is represented 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 Hill the Midway bed
is represented by a coaly zone of variable thickness, including one or
two thin coal layers, at localities 16, 17, and 20 (sections 63, 64, 66).

PREMIER COAL GROUP

Although some question exists as to' what should properly be called
the base of the Premier coal group in the eastern part of the Wishbone
Hill district, in the present report it is assumed to be the base of the
Emery (No. 8) bed.

EMERY (NO. 8) BED

The Emery bed was first mined on the west side of Eska Creek,
in the NEXNE% sec. 16, T. 19 N., R. 3 E., where it has a total
thickness of 71, feet, including 514 feet of clean coal (pl. 11, section
83). It was also mined in the old Emery East workings, where a
typical section measured 51, feet in total thickness, including 4-feet
of coal (section 84). The Emery bed could be positively identified in
only two drill holes east of Eska Creek. In drill hole 1 it consists of
a single 31,-foot bed of clean coal, (section 85) and in drill hole 3 it
includes, from the top downward, 2.2 feet of bony coal, 3 feet of
contorted siltstone, and 0.8 foot of bony coal. As this section differs
markedly from that of the old mine workings a few hundred feet
to the west, it seems probable that the bed, where crossed by drill hole
8, was disturbed by faulting.

In the Eska tunnel the Emery bed includes a lower bench about 314
feet thick, nearly half of which is bone, separated by about 5 feet of
coaly claystone from an upper bench, of which all but 1 foot of clean
coal has been cut out by faulting (pl. 11, section 82). In drill hole
13 the Emery bed has a total thickness of 5 feet, of which nearly 4
feet is clean coal (section 81). In the NW14 sec. 16 the Emery bed
was traced at the surface between the Eska fault zone and the Jones-
ville fault by means of auger borings and a few trenches. The bed
as exposed in two trenches a short distance east of the Jonesville fanlt
is more than 5 feet thick, including several thin claystone partings
(section 80). R
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In the Evan Jones mine bed 8 has a total thickness of as much as
7 feet, including several claystone partings, but generally only the
lower 5 feet, including several thin partings, was mined (pl. 11, sections
77,79). In surface exposures at localities 15, 16, 17, 19, and 21, bed
8 includes 8 to 414 feet of fairly clean coal (sections 72-76). Bed
8 was not traced west of locality 15, but it may be represented by coal
at the base of the Premier coal group on Moose Creek.

DAVID (NO. TB) BED

The David bed was mined to a small extent on both sides of Eska
Creek and has beenstraced at the surface on the north side of Wishbone
Hill westward to the Jonesville fault. West of the fault, a coal bed in
a corresponding position over the Emery (No. 8) bed was traced
through several surface exposures to locality 15.

In the old David East tunnel the David bed contains less than 2 feet
of clean coal, and in drill hole 1 it consists of 24 feet of bony coal
(pl 11, section 90). It is not present in drill holes farther east, which
lie beyond its line of outcrop. In the west bank of Eska Creek the
David bed is about 3 feet thick, and in drill hole 13, northwest of Eska,
it includes two benches of bone and bony coal, each less than 2 feet
thick (section 88). West of the Evan Jones crosscut tunnel, where
it is kmown as bed 73, it is believed to be represented by a double bed
with benches ranging in thickness from 1 to 8 feet. Sections that
probably include bed 7B were measured at localities 15, 16, 17, and 23
(sections 113, 114, 115, 120).

MAITLAND (NO. TA) BED

The Maitland bed was first opened by a tunnel on the west bank of
Eska Creek, where it was known as the Kelly bed, and it was mined
to some extent east of the creek, where it consists of upper and lower
benches, 4 to 7 feet apart, ranging in thickness from 115 to 2 feet and
from 214 to 814 feet, respectively (Chapin, 1920, p. 159). In drill
hole 1, northeast of Eska, it consists of an upper 214-foot and a lower
2-foot bench of clean coal, separated by 8 feet of coaly claystone and
bone (pl. 11, section 95). In an outcrop on the west bank of Eska
Creek an upper 3-foot bench of clean coal in the Maitland bed is
separated by 6 feet of coaly claystone and bone from a lower 314-foot
bench with a band of ironstone nodules near its center (section 94).
The Maitland bed is not exposed in the Eska tunnel, which probably
passes beneath it at the synclinal axis. In diamond-drill hole 13
northwest of Eska the Maitland bed includes two benches of partly
bony coal about 2 feet thick separated by 314 feet of coaly shale and
bone (section 93). At the western edge of the NW14,NW1, sec. 16,
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T.19 N., R. 3 E., a bed identified by Tuck as bed 74 includes an upper
2%-foot bench and a lower 2-foot bench separated by 6 feet of coaly
shale (section 92).

In the Evan Jones tunnel bed 74 consists of an 814-foot coaly zone
that includes only 2 feet of clean coal, mainly in a single bed near
the base (pl. 11, section 91). The exact position of bed 74 in coal
sections measured farther west, in outcrops on the north side of
Wishbone Hill, is not known, but it probably is included in sections
measured between localities 15 and 21. (Sections 113-118.)

CHAPIN (NO. 7T) BED

The Chapin bed has been exposed on both sides of Eska Creek in
the NE14NE1 sec. 16 and was developed by a short tunnel on the east
side. The bed east of Eska Creek contains at least 414 feet of coal in
two benches separated by about 2 feet of shale, (pl. 11, section 100)
but a section by Chapin (1920, p. 154) on the west side of the creek
shows only a single 2-foot bed in a corresponding position over the
Maitland bed. In drill hole 13 northwest of Eska the Chapin 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 Eska Creek. In a trench
across the Chapin bed north of drill hole 13 the bed appeared to contain
9 feet of coal in two benches separated by 1 foot of claystone, but
this thickness is questionable because the bedding was poorly shown
and locally disturbed. Farther west, in a trench just east of the Jones-
ville fault, the Chapin bed consists of two benches of coal more than
8 feet thick separated by 5 feet of coaly shale (section 97).

In the Evan Jones tunnel bed 7 consists of an upper 1-foot bench of
coal, a 3-foot parting of claystone and bone, and a lower 3-foot bench
of partly bony coal (pl. 11,section 96). Coal sections that may include
bed 7 were measured at localities 15, 16, 17, 19, and 20 (sections 113,
114, 115, 117, 118).

BED 6

No coal beds above the Chapin have been developed in the Eska area,
but a bed corresponding in stratigraphic position to bed 6 of the Evan
Jones mine was exposed by trenching in the NW14NW3/ sec. 16, T. 19
N.,, R. 3 E. The bed at this point consists of two benches of clean
coal about 214 and 4 feet thick, separated by 1 foot of coaly claystone
(pl. 11, section 104). In drill hole 13, bed 6 contains 6 feet of coal in
three benches, including an upper 4—faot bench of partly bony coal and
two lower benches less than 114 feet thick (section 105).

In the Evan Jones tunnel bed 6 consists of an upper 3-foot bench
containing 2 feet of clean coal and a lower 514-foot bench that includes
three partings of claystone and iron carbonate 3 to 5 inches thick (pl.
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11, section 103). About 2,000 feet west of the main tunnel in bed 5
gangway, where a fault has thrown bed 6 opposite bed 5, bed 6 consists
of an upper 2-foot bench of clean coal separated by 114 feet of clay-
stone from a lower 4-foot bench including a 6-inch zone of dirty coal
(section 102).

On the north slope of Wishbone Hill, bed 6 is probably represented
at locality 17 by a 7-foot bed including 6 feet of coal (section 115).
Farther west it is probably present near the top of sections of the Pre-
mier group measured at localities 15 and 16, where poor exposures and
minor faulting precluded positive identification of individual beds.
(See sections 113,114).

BED &

Bed 5 was first found in the Eska drea by trenching about 50 feet
stratigraphically above bed 6 in the NW14,NW1 sec. 16, T. 19 N, R.
8E. A partial section of the bed, obtained by trenching and auger bor-
ing, revealed three benches of coal, 1 foot, 4 feet, and 6 plus feet thick, in
a total thickness of about 17 feet (pl. 11, section 111). The upper and
lower benches include a few ironstone nodules, and the base of the
Jower bench was not found. In drill hole 13 to the east, bed 5 has
a-total thickness of 21 feet, including an upper 11-foot bench of partly
bony coal and a lower 214-foot bench of slightly bony coal, separated
by 8 feet of interbedded bony coal and claystone (section 112).

In the Evan Jones crosscut tunnel bed 5 has a total thickness of 9
feet but is very dirty, including less than 4 feet of clean coal in several
thin benches (pl. 11, section 109). In the gangway 1,500 feet west of
the tunnel, bed 5 has an exposed thickness of 22 feet, including an
upper 15-foot bench of partly bony coal with several thin rock part-
ings and a lower bench containing at least 3 feet of clean coal (section
107). West of the fault that brings beds 5 and 6 together 2,000 feet
west of the main tunnel, bed 5 has a total thickness of 23 feet, but in-
eludes many thin partings and about 6 feet of bone (section 106).

Bed 5 may be represented on the south limb in the Evan Jones tunnel
by one or both of two coal beds, designated beds 0 ond 00, that appear
to lie in a corresponding stratigraphic position below the Jonesville
coal group. (See pl. 7, section -C’.) According to sections given
by Tuck (1937), pl. 13, sections 29, 30) each of these beds, which are
less than 10 feet apart, contains more than 5 feet of coal with a few
bone and shale partings.

Bed 5 is well exposed at localities 15, 17, and 21 on the north side
of Wishbone Hill, where it contains 4 feet or more of clean 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 series of thin beds of coaly clay
stone, bone, and bony coal in which neither bed 5 nor bed 6 could
be positively identified. (See pl. 11, sections 113-115,)
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JONESVILLE COAL GROUP

Beds of the Jonesville coal group were originally developed on the
south limb of the Wishbone Hill syncline at Jonesville. The same
series of beds was identified in surface exposures on the north limb
opposite Jonesville and at localities 14, 15, and 16 (pl. 5). The Jones-
ville coal group hasnot been identified between the Jonesville and Eska
fault zones on the north limb, either in outcrops or drill holes; east of
the Eska fault zone it has been entirely removed by erosion.

BED 1

Bed 1 was discovered in the upper tunnel of the Evan Jones mine
but was not developed, as it consisted only of a 7-foot bed of coaly shale.
A similar bed at a corresponding stratigraphic position on the north
limb, at locality 24, is § feet thick, including a few layers of coal. At
locality 15 the same bed is 8 feet thick, including 314 feet of partly
bony coal in three benches, and at locality 14 it consists of a single
8-foot bed of bony coal.

BED 2

In the old south-limb workings of the Evan Jones mine bed 2 is
reported to have had an average thickness of 2 feet 8 inches and
apparently was rather dirty, as analyses show it contained more than
20 percent ash. On the north side of Wishbone Hill bed 2 probably
is represented by the lower parts of the thickest coaly sections measured
at localities 14, 15, and 24. (See pl. 11, sections 121, 122, 124.)

Bed 3 was the most extensively mined coal bed in the old south-limb
workings of the Evan Jones mine, where available sections indicate
that it ranged in thickness from 714 to 12 feet, including a few thin
clay markers and a 6-inch shale parting. A coal bed that is believed
to represent bed 3 on the north limb of the Wishbone Hill syncline
was developed by driving a branch tunnel from the main Evan Jones
crosscut tunnel westward through the Jonesville fault zone. Near the
fault the bed has a total thickness of 12 feet, including several thin
claystone partings (pl. 11, section 130). Westward as far as chute
87, more than a mile from the crosscut tunnel, bed 3 ranges between
13 and 16 feet in total thickness, including several rock partings and
bony layers (sections 125-129).

At locality 24, bed 3 is 13 feet thick, including 7 inches of bony
coal, a 1-foot claystone parting, and several thin claystone markers
(pl. 11, section 124). At locality 16 a coal bed at least 8 feet thick,
including three claystone partings 2 to 5 inches thick, probably repre-
gents bed 3, although neither roof nor floor was exposed (section 123).’
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The upper 7 feet of & coal section exposed at locality 15, including 4
feet of coal in three benches, probably represents the lower part of bed
8. A complete section of the same bed is exposed at locality 14, where
it has a total thickness of at least 12 feet and includes three benches
of relatively clean coal 214 to 3 feet thick, interbedded with bony coal
and claystone (section 121).

BED 4

Bed 4, the uppermost coal bed of the Jonesville group, has been
mined only in the old south-limb workings of the Evan Jones mine,
where it lies about 35 feet above bed 3 and is reported to contain 3 to
4 feet of coal. Bed 4 has not been developed on the north limb, as
the branch tunnel to bed 3 apparently crossed the Jonesville fault north
of it. No attempt was made to explore bed 4 near the fault, but a
diamond-drill hole in the roof of bed 3 about a mile west of the fault
reached 1 foot of coal about 40 feet stratigraphically above bed 3,
indicating that bed 4 thins westward.

No surface exposures of bed 4 were found on the north slope of
Wishbone Hill, where its inferred position is largely covered by talus
from the overlying conglomerate. At locality 24 coal was found in
an auger hole at the inferred position of bed 4, but its thickness was
not determined.

COAL BEDS FOUND IN DRILL HOLES

The preceding descriptions included coal beds that have been corre-
lated with reasonable certainty with beds in the various mines in the
district. The following descriptions are of coal beds found in
diamond-drill holes, that for the most part could not be positively
correlated with known beds, either because of lack of information or
because they are previously unknown beds lower in the section.

DRILL HOLES NORTHEAST OF EBKA

Nine diamond-drill holes were completed by the U. S. Bureau of
Mines in 1947 and 1948 in an area northeast of Eska. Drill holes
1-b are in the NW1j sec. 15, T. 19 N., R. 3 E.; drill holes 6-9 are in
the S14 sec. 10, T. 19 N., R. 3 E. (pl. 1). True-thickness logs of the
principal coal beds in these holes are shown in plate 12.

Drill hole 1.—Drill hole 1 is close to the axis of the Wishbone Hill
syncline and passed through all coal beds of the Premier and Eska coal
groups, from the Maitland to the Martin, inclusive. As the section
in the drill hole corresponded closely with that compiled from nearby
mine workings and outcrops the coals beds were easily identified.
Detailed sections of the principal coal beds in drill hole 1 are included
with other sections of the same beds on plate 11.
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Drill hole 2—Drill hole 2 reached bedrock below the Premier coal
group and extended to the base of the Eska coal group. The Eska
and Shaw beds were found to consist of 4 and 12 feet, respectively, of
bony coal, and the Martin bed to be a dirty seam including less than
2 feet. of coal.

Drill hole 3.—Drill hole 3 apparently entered bedrock just below the
David bed, as the top coal penetrated, judging from its position
relative to nearby old mine workings, is the Emery bed. The bed in
the drill hole contains only about 2 feet of coal, compared to 4 feet
in the mine, which, together with the condition of the core, suggests
that part of the bed in the drill hole had been cut out by faulting. The
Midway (no. 9) coal bed, reached at 250 feet, consists of two thin
benches of bony coal. The entire Eska coal group was found between
depths of 518 and 602 feet.

Drill hole 4.—Considerable uncertainty exists as to the identity of
coal beds in drill hole 4 because of lack of information on the local
structure and the considerable difference in the sequence of beds
from the known section to the west. Detailed sections and tentative
correlations of the coal beds are given in plate 12,

Drill hole 6—The sequence of beds in drill hole 5 bears little re-
semblance to the known section of the Chickaloon formation in the
Eska mine area. This fact, together with the position of the hole
with respect to the probable projection of the Eska coal group north-
eastward from known exposures near Eska Creek, indicates that the
beds in drill hole 5 lie below the Eska coal group. On this basis
all the coal beds penetrated—with the possible exception of the top
coal at 20 feet, which may be the Martin, and a group of thin beds
between depths of 300 and 350 feet, which may represent the Burning
Bed group—are new beds not previously described.

Drill hole 6—The beds in drill hole 6, for the same reasons stated
for hole 5, probably all lie below the Eska coal group. The coal beds
below 583 feet in drill hole 6 are probably the same as those below
566 feet in hole 5, as both groups of beds immediately underlie more
than 100 feet of massive sandstone.

Drill hole 7—Although the position of the axis of the Wishbone
Hill syncline has been established for only a short distance northeast
of Eska Creek, drill hole 7 is believed to lie on the north limb not far
from the axis, and to pass through the Premier and Eska coal groups.
The beds at depths of 60 and 102 feet probably represent the Maitland
and David beds. The bed at 212 feet could be the Emery, except that
it is much farther below the David bed than it is in drill hole 1. A
comparison of the logs of several drill holes suggests the possibility
that the Emery bed pinches out southwest of drill hole 7 and a new
bed comes in at a lower position in the section and is represented:by
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the coal at 212 feet in hole 7, The Midway bed and the Eska coal
group appear in their expected positions, but the coal of the Eska
group is exceptionally dirty. '

Drill holes 8 and 9.—Drill holes 8 and 9 are so far from areas of
known structure and stratigraphy that none of the coal beds found
could be positively identified. The uppermost beds in drill hole 8
possibly represent the Eska coal group; all the coal in drill hole 9

probably underlies the Eska group.

DRILL HOLES NORTHWEST OF ESKA

Three core holes were drilled by the U. S. Bureau of Mines in 1945
northwest of Eska, in the NW1/4 sec. 16, T. 19 N,, R. 3 E. (plL. 1).
The results of this drilling have been published (Barnes, 1951 p. 193
201). A graphic log of drill hole 13 appears in plate 10, and detailed
sections of the coal beds penetrated are included in plate 11. Detailed
sections of coal beds penetrated in drill hole 15, believed to represent
the Premier coal group, are included in plate 15. No coal was found in
drill hole 14.

DRILL HOLES WEST OF JONESVILLE

Core drilling to check the presence and character of coal beds on
the south limb of the Wishbone Hill syncline west of Jonesville was
started by the U. S. Bureau of Mines late in 1948 and continued
through the 1949 season. Eight drill holes, ranging in depth from
411 to 1,358 feet, were completed along the south base of Wishbone
Hill, in secs. 19 and 20, T. 19 N, R. 3 E. (pl. 1). In addition, one
shallow hole was drilled by the Evan Jones Coal Company a short
distance northeast of the easternmost hole of the Bureau of Mines.

The correlation of coal beds found in drill holes in this area was
much more difficult than was anticipated. The nearest known coal
beds, in the old south-limb workings of the Evan Jones mine, are of
varmble strike and dip and are separated from the drill holes by the
Jonesville fault, so that they could not be projected into the drilled
area with any confidence. Also, the sequence of beds in all but one
of the drill holes differed too greatly from the Evan Jones mine sec-
tion to permit unquestioned correlation on stratigraphic evidence.
Drill hole 1 is believed to include beds of all three coal groups (pl. 10),
but the sections of the other drill holes differ so markedly from the
mine section and from each other that no reliable correlations could be
made. Detailed sections of the principal coal beds in these drill holes
are given in plate 13. The top coal beds shown in drill holes 1 and 3
possibly represent the Jonesville group, and the bed at 899 feet in
drill hole 7 may be one of the Eska coal group. The Eska group is
probably also represented in hole 3, but the beds are too thin to be of
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value, Other coal beds shown on plate 13 most probably represent
the Premier group.

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-
ing that produced the Wishbone Hill syncline, and faulting, either
tectonic or related to landslides. Evidence of faulting 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. (Seepl.1.)

In 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 hole 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
the Evan Jones lease.

Detailed sections of the principal coal beds in drill holes 9 to 12
appearon plate 15.

WESTERN PART OF WISHBONE HILL DISTRICT

BURNING BED COAL GROUP
" The Burning Bed coal group is exposed in the western 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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consists of eight beds in a sequence about 125 feet thick {pl. 16, sec.
85). The lower five beds are exposed on the southeast limb. The
eight beds aggregate about 25 feet in thickness and contain about 13.5
feet of clean coal and 3 feet of bony coal. The remainder is bone,
coaly claystone, and claystone in partings 2 to 19 inches thick. The
rock intervals between beds ranges from 3.5 to 26 feet. The thickest
bed, the second from the bottom, contains 2.5 to 8 feet of clean coal
that is free of partings but contains a persistent zone of ironstone
concretions 4 to 5 inches thick. A small amount of coal was taken
from this bed in a tunnel, long abandoned, that was driven under the
bluff at locality 8. The tunnel was opened and examined by the
Geological Survey party. The beds were measured in a crosscut tunnel
that entered both limbs of the anticline and were found to be similar
to those exposed in the bluff above the mine. The beds are highly
sheared and faulted at the axis of the anticline. In recent years there
has been further prospecting, and a small amount of coal has been
mined at this locality.

The Burning Bed coal group was reached by drill hole 6 near the
Premiér mine, where the sequence was found to be about 70 feet thick
and to contain seven beds of coal. The beds are similar in general
character and thickness to those at locality 3. The total thickness of
the coal beds is about 20 feet, which includes 8.2 feet of clean coal and
5.5 feet of bony coal. The thickest bed of clean coal is 2.5 feet.

Diamond-drill holes 1, 2, and 5 in the Buffalo mine area passed
through four well-defined beds of the Burning Bed coal group, which
is here 50 to 60 feet thick. The coal beds are thicker and contain
fewer partings than those at locality 3 and in hole 6. (See pl. 17.)
The logs of the beds differ considerably from hole to hole, probably in
part because of differences in core recovery, and possibly also because
of faulting, evidence of which was seen in some cores. The log of
drill hole 1 is probably the most representative, as core recovery was
best and no faults were indicated. In this hole the group includes
two 814-foot beds and one 414-foot bed of clean coal and one 5-foot
bed of bony coal (pl. 17).

Beds believed to represent the upper part of the Burning Bed coal
group were found in the crosscut tunnel of the Matanuska Center
mine, where they occur just inside the overburden at the portal. Ac-
cording to a log by J. J. Corey, former district mining supervisor,
the lower bed, which is adjacent to the overburden, contains 6.5 feet
of clean coal and three partings of bone and claystone that are 2 to 4
inches thick (pl. 16, sec. 37). Tt was known as bed 1,

EBEA COAL GROUP

) Beds of the Eska coal group were found in drill holes 1, 2, and 4
in the Buffalo mine area. Parts of the group have been eliminated
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by faulting in holes 1 and 4 (pl. 5), but in hole 2 four beds were
found and are believed to represent the entire group. The beds con-
sist mostly of clean coal ranging from 2.3 to 2.7 feet in thickmess.
Beds of the Eska coal group do not crop out in the Buffalo area, but
two of them have been exposed in the powder-house tunnel (pl. 16,
sec. 30). One bed is thin but the other contains 3.5 feet of clean coal
in which there are two zones of ironstone concretions less than 6 inches
thick.

Diamond-drill hole 10 passed through a group of four coal beds,
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 2 (pl. 17). The
thickest of the four beds contains 5.7 feet of coal, mostly clean, that
occurs in two benches separated by 1.5 feet of coaly claystone. The
group of coal beds found between depths of 551 and 595 feet is believed
to lie on the opposite limb of an anticline and to be a repetition of the
group found higher in the hole.

A bed of the Eska coal group is exposed on the southeast limb of the
Rawson anticline at locality 8. It is 4.2 feet thick and consists of four
layers of clean coal, totalling 3 feet, separated by three partings of
coaly claystone and claystone (pl. 16, sec. 31). Three beds of the
group are exposed at locality 11 (sec. 33). The middle bed of the
three is 5.8 feet thick and consists of clean coal except for two part-
ings, 7 and 2 inches thick, The lowest bed probably is equivalent to
the bed at the base of the group in the crosscut tunnel of the Matanuska
Center mine (sec. 32), which is 800 feet southwest of locality 11. J.J.
Corey described most of the group in the crosscut as carbonaceous shale
with seams of bony coal. The Eska coal group was not mined here.

A thick coal bed is poorly exposed near the top of the bluff on the
southeast side of Moose Creek between localities 3 and 4. It is believed
to be part of the Eska coal group because it lies on the southeast limb
and near the axis of the northeast-plunging Burning Bed anticline at
& point northeast of and down the plunge from exposures of the Burn-
ing Bed coal group. A section of this bed (pl. 16, sec. 29) shows 5.6
feet of clean coal containing three claystone partings 2 to 3 inches
thick, and a zone of ironstone concretions, The reliability of the sec-
tion is impaired by slumping in the outerop, but the bed probably is
at least 5 feet thick. A tunnel has been driven into the top of the bluff
about 1,800 feet southwest of this bluff exposure and also on the south-
east 1imb of the Burning Bed anticline. The tunnel, which is across
the Premier fault from locality 2, reached a bed of coal 5.7 feet thick.
It consists of fairly clean coal, except for several partings less than 2
inches thick and some ironstone concretions. As shown on plate 8, the
bed evidently overlies the Burning Bed coal group and is believed to
be part of the Eska coal group.
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MIDWAY COAL BED

The Midway bed was identified in three drill holes, three mines, and
two outcrops 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 averages 0.9 foot, is com-
monly in two or three partings of bone, coaly claystone, and claystone
or layers 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 coal in the Premier coal group.

Sections of the Midway bed measured in outcrops and mine workings
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 Center mine
and at locality 11, where it measures 11.9 and 9.7 feet respectively.
Cores from drill hole 2 near the Buffalo mine indicate 7.4 feet of coal
that contains a 5-inch parting of bone, whereas only 400 feet away
in hole 1 a bed at this stratigraphic position is 4.7 feet thick and is
separated from a 1-foot bed by 4.3 feet of shale. The lesser thickness
in hole 1 is probably due to faulting. Only the upper part of the Mid-
way bed in hole 10 is shown in plate 17; recovery of the lower part of

the bed was poor.
PREMIER COAL GROUP

The Premier coal group is 90 to 100 feet thick and consists of a series
of relatively closely spaced beds. Outcrop and mine sections of the
group are shown in plate 18 and drill-hole sections in plate 17. Clean
coal constitutes about one-third of the total thickness of the group,
except in the Matanuska Center mine and at locality 11 northeast of
the mine where coal makes up more than two-thirds of the exposed
part of the group (pl. 18, secs. 15,16). The uppermost beds at these
two localities are concealed.

The coal beds in the Premier and Buffalo mines as shown in sections
1and 4 (pl. 18) may be correlated bed by bed. The correlation is indi-
cated in the following tabulation.

Correlation of coal beds in the Premier and Buffalo mines

Beds in Premier | Beds In Buffalo || Beds In Premier | Beds in Buffalo
mine mine mine mine

) P ) 7 3A. . Unnumbered

1A e 6 : J 2

S, 5 [ S Unnumbered

%g .......... g 4A L Unnumbered

- Diamond-drill holes 8 and 9 in the Buffalo area indicate that an
additional coaly section about 13 feet thick overlies bed 7; part of this



76. WISHBONE HILL DISTRICT, MATANUSKA COAL FIELD, ALASKA

few if any coal beds of minable thickness and quality. The strati-
graphic position of the exposed beds is unknown.

MINING
HISTORY OF DEVELOPMENT

The history of commercial coal mining in the Wishbone Hill coal dis-
trict began with the completion of the Chickaloon branch of the Alaska
Railroad as far as Moose Creek in 1916, In that year a coal mine was
opened near the mouth of Moose Creek by the Doherty Coal Mining
Co., and for a time this was the only local source of coal for the Alaskan
Engineering Commission (later the Alaska Railroad) and civilian
consumers in the Anchorage area.

In 1917 the Baxter mine on Moose Creek and the Eska mine on Eska
Creek were opened, and coal from both mines was sledded several miles
to the railroad. Difficulties soon beset the private company operating
the Eska mine, and in June the property was purchased by the Alaskan
Engineering Commission, which began to develop the mine to provide
a reliable and adequate fuel supply for the railroad. A spur line con-
necting the Eska mine with the Chickaloon branch was completed dur-
ing the year.

Between April 1918, when the Baxter mine closed, and October 1920,
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 productive mining, on completion of a railroad spur connecting
it with the Eska spur. At the same time the Eska mine was closed, in
accordance with a Government policy of leaving to private initiative
the production of coal for the railroad as well as for private use. Late
in 1921 the Baxter mine was reopened, and work was started at the
Rawson mine on Moose Creek.

In 1922 four mines in the district were worked at various times dur-
ing the year. Development at the present Premier mine was started
on beds east of Moose Creek, and a small amount of coal was produced
at the Baxter mine. The Evan Jones mine was operated until late in
November, when operations were suspended because of a fire. The
Eska mine, which had been maintained in a standby condition, was
immediately reopened to maintain a fuel supply for the railroad.

In 1923 the Eska mine was operated several months and then closed
when the Evan Jones mine resumed production in June. Development
work continued at the Premier mine, with a shift of operations to beds
on the west side of Moose Creek. The Baxter mine continued to pro-
duce a small amount of coal, aided by the completion of a narrow-gage
railroad from the Chickaloon branch at the mouth of Moose Creek.
Development work was started at the Rawson mine, where a small
amount of coal was produced and sledded to the railroad.

]
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In 1924 the Evan Jones mine produced most of the coal used by the
railroad and private consumers, but development work and incidental
coal production continued at the Baxter, Premier, and Rawson mines
on Moose Creek.

In 1925 the principal producers in the district were the Evan Jones
and Premier mines. Development work at the Evan Jones mine in-
cluded the driving of & long tunnel to coal beds on the north limb of
the syncline, from which all subsequent production has come. The
Premier mine was in operation most of the year, but was closed tempo-
rarily because of legal difficulties. The Baxter mine ceased operations
in May, and the Rawson mine produced no coal during the year. The
narrow-gage branch of the Alaska Railroad was extended up Moose
Creek to the Matanuska Center mine, where new equipment was in-
stalled and the mine put on a producing basis.

In 1926 the main production of the district came from the Evan
Jones, Premier, and Matanuska Center mines. The Rawson mine pro-
duced a little coal late in the year. During the year the narrow-gage
track up Moose Creek was replaced by a standard-gage spur of the
Alaska Railroad as far as the Premier mine.

In 1927 the leading producers in the district were the Evan Jones
and Premier mines. Small amounts of coal were produced in the first
three months of the year at the Rawson and Matanuska Center mines.

In 1928 no mining was done at the Evan Jones mine during the
first part of the year, but beginning in May a contract with the Alaska
Railroad was filled and other customers were supplied. At the
Premier mine production continued at normal rate for the first half
of the year, but beginning in August production dwindled to a few
tons derived from development work. The old Doherty property on
lower Moose Creek, after 10 years of inactivity, was reopened as the
Pioneer mine, and produced a few tons of coal in the course of de-
velopment work. The Rawson and Matanuska Center mines were
both closed throughout the year.

In 1929 the Evan Jones mine supplied coal for the railroad and
other customers during the first half of the year but was idle the
second half. The Premier and Matanuska Center mines, which were
under the same management, were practically idle the first part of
the year but filled a contract for the greater part of the coal used by
the Alaska Railroad the second half. A little work was in progress
at the Pioneer mine.

In 1930 the Evan Jones and Premier mines were both in operation
throughout the year, but the rate of production fluctuated greatly
with the demand for coal. At the Pioneer mine development work
continued but little coal was produced.

In 1931 the chief producer of the district was the Evan Jones mine,
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which was awarded a contract for supplying coal to the Alaska Rail-
road. Production at the Premier mine was at normal rate during the
first part of the year, but after completion of a contract with the
railroad mining gradually came to a standstill, and the company made
an arrangement whereby the Alaska Railroad agreed to keep the mine
pumped out, in return for the privilege of mining enough coal to
defray expenses. This arrangement was prompted by the desire of
railroad officials to prevent damage to surrounding coal land that
might result if the mine were allowed to fill with water. A small
amount of productive work was done at the Pioneer mine, but the
Rawson and Matanuska Center mines were idle.

In 1932 the principal production of the district came from the Evan
Jones mine. The Premier mine, which had been virtually idle during
much of the preceding year, resumed production under new manage-
ment in November. The Wishbone Hill mine, adjacent to the Rawson
property, was opened and a small amount of coal produced.

In 1933 coal was produced at the Evan Jones, Premier, and Wish-
bone Hill mines, The Evan Jones mine operated at 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
resulted in the property reverting to the former owners. No produc-
tion was reported for a 3-month period, after which work was resumed
by the old company in June and continued though November. Shortly
thereafter, the drawing of pillars in a weakened area caused water to

break into the mine, flooding the lower workings and ending mining.

operations. No attempt has been made to dewater the mine,

The newly opened Wishbone Hill mine produced a few thousand
tons of coal during the year.

In 1934 the Evan Jones mine continued as the principal producer
of the district, operating at full capacity most of the year. The
Wishbone Hill mine produced a small amount of coal early in the
year and then closed. Later in the year the mine was reopened by a
new company, which did development work and produced some coal.

An event of 1934 that was to prove of importance in the later his-
tory of the district was the decision of the Alaska Railroad to drive
a new crosscut tunnel to tap coal beds on the Government-owned Eska
property. This decision was 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 emer-
gency source of fuel and leaving the railroad dependent on a single
source, the Evan Jones mine. Accordingly, a new location was chosen
at a higher level, the track relocated, and a crosscut tunnel started
toward beds of the Eska coal group.

In 1935 all but a small part of the entire coal production of the
district eame from the Evan Jones mine; the only other production
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was from the Rawson mine, where development work was resumed
and s small amount of coal mined and delivered to the Alaska Railroad.

At the Eska mine the new crosscut tunnel was completed and de-
velopment started on coal beds of the Eska group.

In 1936 the Evan Jones mine was again virtually the only producer
in the district. At the Rawson mine a small amount of coal was pro-
duced in the course of prospecting and development work. At the
Eska mine short entries were turned from the new crosscut tunnel on
the coal beds of the Eska group and an airway was driven to the
surface, thus placing the mine in condition to produce coal on short
notice.

In 1937 the Evan Jones mine was again the main producer, operating
steadily until late in October. On October 26 a violent explosion in
the mine took the lives of 14 men and caused the immediate cessation
of operations. In this emergency the Eska mine was immediately
placed in production to furnish the needs of the railroad. At the Raw-
son mine prospecting and development work continued, but practically
no coal was mined.

In 1938 the Evan Jones mine was again the leading producer in
the district, despite the fact that it was closed the first 3 months of
the year as a result of the explosion in 1937. The Eska mine produced
coal for railroad use until the Evan Jones mine resumed normal pro-
duction in April, after which it was placed in a standby condition.
The Rawson mine produced a small amount of coal incidental to pros-
pecting and development.

In 1939 the Evan Jones mine produced all but a small part of the
coal mined in the district, operating steadily except for several weeks
in midsummner when repairs to the plant were in progress. No coal
was mined at the Rawson property, production having stopped in
September 1938. At the Eska mine a few hundred tons of coal was
mined in the course of maintenance work required to keep the mine in
standby condition.

In 1940 the Evan Jones mine produced practically all the coal mined
in the district. During the year, however, it became apparent to offi-
cials of the Alaska Railroad that additional production was needed to
meet the increasing needs resulting from extensive Government con-
struction in the Anchorage area. Consequently the decision was made
to put the Eska mine into production, and a small amount of coal was
mined late in the year.

In 1941 the Evan Jones mine continued as the leading producer in
the district but was closely followed by the Eska mine, which had been
placed in full-time production. Development work at Eska included
the starting of an extension of the crosscut tunnel to coal beds on the
north limb of the Wishbone Hill syncline and the sinking of a slope
on thie beds being mined on the south limb.
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In 1942 coal mining in the district was greatly stimulated by the
demands resulting from World War II. The Evan Jones and Eska
mines produced at increasing rates, and two mines on Moose Creek
became producers. At the Premier mine a new company began %x-
tracting coal that remained above water level in the flooded workings,

-and the newly opened Buffalo mine began producing on a small scale.

In September heavy floods on Moose Creek damaged the railroad tracks
beyond repair, making it necessary for both mines to resort to truck
haulage.

As it was evident that the Alaska Railroad would be forced to-
operate the Eska mine at maximum capacity for an indefinite period
in order to maintain an adequate coal supply, the decision was made
in 1942 to increase the capacity of the mine by installing modern equip-
ment and facilities. Accordingly, construction was started on a Iarge
dormitory and mess hall, power plant, and washery.

In 1943 the main productmn of the district continued to come from
the Evan Jones and Eska mines but was augmented to some extent by
coal from the Premier and Buffalo mines. _

In 1944 only the Evan Jones, Eska, and Buffalo mines were in pro-
duction, operations at the Premier mine having stopped in August
1943.

In 1945 the Evan Jones and Eska mines continued to produce most
of the coal from the district. The Buffalo mine was operated during
most of the year but production was greatly curtailed and finally
ceased in November. _

In 1946 the Evan Jones mine continued to produce at an increasing
rate and was by far the largest producer in the district. The Eska
mine operated until the end of June and was then closed, railroad
officials having decided that privately operated mines could meet their
coal requirements, which were being greatly reduced by conversion te
diesel power.

During the period 1947-52 the Evan Jones mine furnished vn’tua]ly
the entire production of the district, except for small amounts result-
ing from desultory prospecting and development work at the Premier,
Buffalo, and Knob Creek mines.

PRODUCTION

The coal production of the Wishbone Hill district is summarized
in table 3. Although it was possible to determine the approximate
total production of the district prior to 1935, data were insufficient
to show the annual production for the period 1916-1934. During
the period 1985-1940 production remained fairly constant, averaging
about 55,000 tons per year, but beginning in 1941 production increased
greatly under the stimulus of World War II, so that for the period

49
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TaBre 3.—Coal production in the Wishbone Hill district, Matanuska coal fleld,
Alaska, through 1952

Year ber of | Bhort tons Year ber ol: 8hort tons

PN S RS

1as 897 (| yesesl ]
1 RTINS 3,284,728

1941-50 the annual average was nearly 162,000 tons. The rapid in-
crease in population and industrial activity, especially military con-
struction, in the Anchorage area during and after the war created
an increasing demand for coal from the Wishbone Hill district. The
inereased demand for fuel for heating and power production was met
in part by conversion to oil, including the substitution of diesel for
steam locomotives by the Alaska Railroad; nevertheless, production
records to the end of 1952 indicate that the demand for coal was still
increasing at that time.

Although coal was produced from nine different mines in the
district during the period 1916-1952, no more than four were ever in
operation at the same time. More than two thirds of the total output
of the district has come from the Evan Jones mine, which during
many years was virtually the sole producer.

RESERVES

Reserves of economically valuable coal in the Wishbone Hill district
were calculated from data obtained from outerops, mine workings,
and drill holes. As these data are available for only part of the area
believed to be underlain by coal, it was not possible to give reliable
estimates for the entire district. Furthermore, because of uncertain-
ties In correlation it was necessary in some areas to compute reserves
by entire coal groups rather than by individual beds. The figures
given in the following table are therefore subject to revision and
extension as more information becomes available from further drilling
and mine development.

Although some information was available on coal deposits in section
10, T. 19 N, R. 3 E., from a few outcrops along Knob Creek and
several diamond-drill holes in the southern part, the more complex
structure indicated by the results of later prospecting and mine devel-
opment made it advisable to defer the evaluation of reserves in this

.extrepe eastern part of the district until more detailed mapping can
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be completed. Similarly, because of difficulties in correlating coal
beds in drill holes along the southern margin of the district, no
attempt was made to compute reserves in the area south of the axis
of the Wishbone Hill syncline as shown on plates 1 and 2 except in
the vicinity of drill holes 9 to 12 west of Jonesville,

In computing tonnages the relatively small amount of coal remain-
ing in unmined pillars above existing gangways was not included, so
that the figures given represent coal in advance of gangway faces as
of July 1952, the date of the latest mine maps available for this report.
Beds averaging less than 2 feet in thickness were not included in the
reserves. Because of the scarcity of data in most areas and the
extreme changes in thickness of the coal beds it was not practicable
to attempt to divide the reserves into thickness categories. In con-
verting volumes to tonnage, one short ton of coal in place was assumed
to occupy 25 cubic feet, which corresponds to a specific gravity of
slightly more than 1.28,

Tanvre 4,—Estimated remaining coal reserves in the Wishbone Hill district arranged
according to reserve areas

Reserves (in thousands
Average of short tons)
Coal bed mm -
(foet) | anted | terrea | Total

BEAST OF NORTHEAST FAULT, EXCLUDING SECTION 10

110 e
122

ot ok o ad ot ko
T TR

B0 lavsnanes 42
| X ) [—— 48
] Te— 08
3.0 2
3.3 51 )
B ) F—— 50
3.8 178 [.onaes.a.
B2 |eannue.. T3
4.0 . J [
b 3N ) R— 95
N | I - 31

Bed 5. . - AP —— 10.5 L) ) (A—
Bt 1 %]
e ) R A e T R A Ry e e L ¢ 1| N p) SR
Mnit]auil (no. ?A).. 20 888 |. ...
err e B L 4.3 L
Eska (below WD) - e e e e s m e 2.4 )
mr 8haw (below 860 lovel) ... 3.0 L+ 0 J) (S
(below 960 level) 2.4 858 |........

Total.... 4,134 4,134
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TasLE 4, —Estimaled remaining coal reserves in the Wishbone Hill district arranged
according lo reserve areas—Continued

Resarves (In thonsands
AW of short tons)
. (fooy | It | In
cated | ferred | Total
NORTH LIMB BETWEEN JONESVILLE FAULT AND TOWNSHIP LINE
Above 860 level, Evan Jones mine
Bed 88| 20500
Bed 0.6 | 3,800
Bed i 41| 2100
Bed | 26| 1,400
B 8| smE—
Bea%.... 20| 'me
Total. 14,918 14,018
Below 860 level, Evan Jones mine
Bed 3. 1.3
88
Bed 8 87
Do. 0.6
Bed's.. &1
4.1
Bed 7. 2.5
Bed TA 4.5
Bed 7B. 2.6
Bed B, 3.7
Do 33
Total. . 7,905 | 81,850 | 99,766
BOUTH LIMB WEST OF JONESVILLE WITHIN 1,000 FEET OF DRILL HOLES 9 TO 12
Bed - 4.6 ( 1,600
Bed 2.2
Bed 12,4 | 4,320 |oceneaas
Bed 6. 8.1 1,080
Total. 7,768 7,708
NORTH LIMB BETWEEN TOWNSHIP LINE AND BUFFALO FAULT
Premier coal group. - T B e 19,000 | 18, 000
NORTH LIMB BETWEEN BUFFALO AND BAXTER FAULTS
Baffalo bed 7. 47| 1,880
Buffalo bed 5. 6.3 252
Buffalo bed 4 3.7 1,48 |--o-.. i
Buffalo bed 3... - 29| 1,160 oo
Buffalo bed 2 2.7 3,010
Midway. 5.2 624
Eska n 0.8 m
!ipad group. 0.2 368
Total. 11, 04 11, 114
S0UTH OF PREMIER FAULT
Above 500 level, Premier mine
Premler beds 4, 414, 6. a5 b7, | [N —
Below 500 level, Premler mine
Pramier group. .. 2 500
- Total. 370 800 870
Grand total 50,007 | 51,967 | 101,904
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Calculations of reserves were made in general according to pro-
«cedures adopted by the Geological Survey (Averitt and Berryhill,
1950, p. 8-11). In view of the scarcity of data and the differences in
«quality and thickness of the coal beds, none of the reserves were
«classed as measured. The distinction between indicated and inferred
reserves was based in part on distance from points of measurement
and in part on the reliability of data. For example, in a few places
where the average thickness was based in part on measurements of
beds of doubtful identity, the reserves were classed as inferred, regard-
less of the distance from the outcrop. It was also deemed advisable
in this field to extend indicated reserves to a maximum of enly 2,000
feet from points of observation, rather than the one-mile limit gener-
ally applied in larger areas of more uniform coal beds.

As the computed reserves lie in several relatively small areas and
in several overlapping coal beds, they were not represented on a map.
Instead, sufficient description was included in table 4 to permit the
location of the areas by reference to the accompanying geologic maps
and to plates 19 and 20 showing the mined-out areas on various coal
beds in the Eska and Evan Jones mines, respectively.

In view of the folded condition of the coal beds and the considerable
relief of the Wishbone Hill district, no attempt was made to divide the
coal in the various reserve areas into categories based on thickness of
overburden. A relative small tonnage probably lies beneath more
than 2,000 feet of overburden. The deepest coal in drill hole 12, near
the synclinal axis west of Jonesville, was reached at a depth of nearly
2,100 feet. It is estimated that about half of the total reserves of the
district lie beneath 1,000 to 2,000 feet of overburden, and half beneath
less than 1,000 feet.
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