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GEOLOGIC RECONNAISSANCE IN THE MATANUSKA
AND TALKEETNA BASINS, ALASKA.

By Smwney Patce and Avorenr Kxorr,

INTRODUCTION.

The following report treats of the general geography, geology, and
mineral resources of an approximately quadrangular area lying imme-
diately northeast of the head of Cook Inlet. The region includes
principally the Talkeetna Mountains and the Matanuska Valley,
which separates these mountains from the Chugach Range on the
south (Pl I, pocket). The data for this report were gathered by
the writers while they were attached to topographic parties engaged
in mapping this region during the summer of 1906. The territory
represented by the accompanying map embraces about 7,000 square
miles. Necessarily much of the geology of so large an area must be

_generalized from the observations actually gathered along the line
of travel,

The principal resource of the region thus far developed is coal.
As a portion of this coal is of high grade, comparing favorably with
Pennsylvania bituminous coal, and, as anthracite of good quality also
occurs in the region, the investigation of 1906 was directed to deter-
mining the boundaries of the various coal fields and to differentiating
the ages of the various coal horizons. Attention was also paid to such
metalliferous deposits as were encountered. A summary of the re-
sults has already been published in the progress report ¢ for 1906,

The region considered was explored by the army expeditions of
1898. Portions of it have been investigated by members of the
United States Geological Survey: Mendenhall * explored Matanuska
Valley in 1898; Eldridge ¢ explored Susitna Valley in the same year;

® Paige, 8., nnd Knopf, A., Reconnaissance in the Matanuska and Talkeetna basing, with
notes on the placers of the adjacent reglon: Bull U. 8. Geol. SBurvey No. #14, 1907, pp.
104-125.

* Mendenhall, W. C., A reconnaissance from Resurrection Bay to Tanana River, Aluska,
in 1898 : Twentieth Ann. Rept. U. 8. Geol. Survey, pt. 7, 1900, pp. 205-840,

¢ Eldridge, G. H., A reconnaissance in the Susitnn bosin and adjacent territory, Alaska,
In 1898 : Twentleth Ann. Rept. U. 8. Geol. Burvey, pt. 7, 1000, pp. 7-29.

b
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and Martin® made a reconnaissance of the Matanuska coal field in
1905. TIn the preparation of the following report, the work of these
earlier investigators has been drawn on, especially that of Martin,
who examined the coal resources of the lower Matanuska basin.

The field work of the season of 1906 was in charge of T. G. Gerdine,
topographer, as chief of party. Landing was made at Knik, the head
of steam navigation on Knik Arm of Cook Inlet, on May 29. Work
was begun there on June 1. During June the region on the south
side of Knik Arm was mapped; T. G. Gerdine, accompanied by
Adolph Knopf as geologist, ascended Knik River to Knik (lacier,
and R. H. Sargent, assistant topographer, accompanied by Sidney
Paige as geologist, covered the territory south of old Knik. At
the end of June Mr. Gerdine, with Mr. Knopf as geologist and a
total party of 6 men and 8 horses, started for the interior by way of
Matanuska Valley, Hicks Creek, Divide Creek, Caribou Creek, Billy
Creek, and Nelchina River. The party returned to Knik by skirting
along the western edge of Copper River basin and traveling down
Matanuska Valley, arriving at Knik August 31. No great difficulties
were encountered, although topographic work was often seriously
hampered by rain.

In the meantime R. H. Sargent, with Sidney Paige as geologist
and a total party of 6 men and 8 horses, made the circuit through the
interior of the Talkeetna Mountains, by way of Chickaloon Creek and
Talkeetna River, and returned to Knik along the western flank of
these mountains. Some trouble was encountered in fording the
numerous streams, which were swollen from continuous heavy rains.
During the later part of September the topographers ran a traverse
of the eastern shore of Cook Inlet from Point Possession to the mouth
of Kasilof River. Tustumena Lake and Kasilof River were also
traversed by Mr. Gerdine. Work was closed at Seldovia on Septem-
ber 27. The geologists of the party had meanwhile started overland
to Seward on Resurrection Bay. They visited the placer districts of
the Turnagain Arm region en route and arrived at Seward Sep-
tember 27.

GEOGRAPHY.

The Talkeetna Mountains occupy the larger part of the region
dealt with in this report (Pl I, pocket). They form an approxi-
mately circular mountain mass, bounded on the west and north by
the wide valley of Susitna River, on the east by the Copper River
basin, and on fhe south by Matanuska Valley. In general the Tal-
keetna Mountains merge gradually into the surrounding lowlands,
except on the south, where they rise abruptly from the deep depres-

® Martln, . ., A reconnalssance of the Matanuska coal fleld, Alaska, in 1005: Bull.
U. 8. Geol, Burvey No. 289, 1006,
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sion of Matanuska Valley. The interior of this mountain mass is
an exceedingly rugged area, and access to it is possible only along
the larger stream systems. Few of the peaks exceed 5,000 to 6,000
feet in altitude, but in the central portion some of the highest points
reach altitudes of 8,000 to 9,000 feet,

The drainage of the Talkeetna area is rudely radial. The larger
portion of it is tributary to Susitna River. In the southeastern por-
tion of the area the headwaters of Susitna, Copper, and Matanuska
rivers form a closely interlocking network of streams.

The Susitna is the largest river of the region. This great stream,
which has a width of 2 miles near its mouth, rises in the northwestern
part of the Copper River basin, and, after flowing westward around
the northern flank of the Talkeetna Mountains, turns southward and
empties into the northern end of Cook Inlet. The most important
eastern tributary of the Susitna in the region under discussion is
Talkeetna River, which heads at an altitude of about 5,000 feet in
the heart of the Talkeetna Mountains. It flows northwestward for
about half its length, then turns abruptly to the southwest and con-
tinues to Susitna River, which it enters about 85 miles above its
mouth, The Talkeetna is about 75 miles long. Near its mouth it
is a swift stream, 300 or 400 feet wide. During high water it can
be crossed with a pack train only by swimming the horses and rafting
the outfit. Sheep Creek is a tributary of Talkeetna River 14 miles
above its mouth. Tt flows more slowly than the river and is, because
of its depth, difficult to eross, so that rafting is necessary.

A considerable mumber of large streams, which, however, are
smaller than the Talkeetna, drain the western flank of the Talkeetna
Mountains and empty into Susitna River. They are, in order from
north to south, Sunshine Creek, Montana Creek, Kashwitna River,
Little Willow Creek, and Willow Creek. Little Susitna River,
which is the next stream south of Willow Creek, belongs to the drain-
age basin of Matanuska River, but empties directly into Cook Inlet.

East of the Talkeetna Mountains lies the broad expanse of the
Copper River basin, extending to the Wrangell Mountains on the east
and bounded by the Alaska Range on the north and the Chugach
Mountains on the south. The surface relief of this area is slight and
is produced mainly by long, low gravel ridges. Innumerable ponds
and lakes are the most striking features of the landscape. The south-
western portion of the basin is drained by Matanuska River, which,
with its headwater tributaries, has cut gorges 300 to 400 feet deep in
the underlying gravel deposits.

Matanuska Valley, which lies between the Talkeetna and Chugach
mountains, opens out at its head and merges into the flats of the Cop-
per River basin. In its upper course it is about 1 mile wide, but
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it gradually widens downstream to 5 to 10 miles, and below Tsadaka
Creek flares out to a width of 20 miles. In minor details the floor of
the valley is decidedly irregular in relief, consisting of a succession of
undulating low ridges and knolls with interspersed kettles.

Matanuska River, the second largest stream of the region, drains
into the eastern end of Knik Arm, instead of into Cook Inlet proper.
It heads directly against Tazlina River, of the Copper River drain-
age, from which it is separated by a low, almost imperceptible divide,
having an altitude of 3,000 feet. The general course of the Mata-
nuska is 8. 70° W, and its length is about 100 miles. The river flows
in a trough or valley sunk into the floor of the broader valley previ-
ously described. The newer valley is a mile or two wide along the
lower stretches of the stream, but in places closes to a narrow box
canyon 300 or 400 feet deep. The Matanuska is a swiftly flowing,
silt-laden stream, with a current reaching probably 7 miles an hour.
The volume of water varies with the season and is highest in June.
The average width of the river is about 400 feet.

Caribou, Hicks, Chickaloon, Kings, Granite, Eska, and Tsadaka
creeks are the principal streams entering Matanuska River from the
north. Caribou Creck, the largest of these streams, drains a con-
siderable aren in the Talkeetna Mountains, Chickaloon Creek has a
length of about 30 miles. A pass at its head, over which a pack train
can easily be taken, connects its valley with that of the Talkeetna.
The two valleys thus form a highway through the heart of the Tal-
keetna Mountains. A large number of streams enter the Matanuska
from the south, draining the north flank of the Chugach Mountains,
but none attain large size. _

Near the head of Knik Arm, uniting irregularly with the various
tidal sloughs, the Matanuska is joined by Knik River from the south-
east. Knik River heads in Knik Glacier, and its length is only
about 25 miles, Several small tributaries enter the Knik from both
sides, the largest and most important of which is Metal Creek, empty-
ing into the river from the east near the front of the glacier. Knik
Valley is 3 to 4 miles wide, perfectly flat, and covered with gravel,
through which protrude occasional hummocks of bed rock. Its
course is remarkably straight throughout its entire length and it is
walled in by mountains which rise steeply from the valley floor.
Knik River possesses no single well-defined channel, but spreads out
over its gravel plain in a number of branches, whose positions are
likely to vary from year to year. Boats can be towed up the river
by hand, although with some difficulty on account of bars and quick-
sands, to within 5 miles of the glacier.

The rugged group of mountains lying on the south side of Mata-
nuska Valley is a portion of the Chugach Mountains. As seen from
Matanuska Valley, they include numerous peaks 7,000 to 10,000 feet
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high and present a very inaccessible and forbidding aspect. The
Chugach Mountains have a general northwesterly trend from Mount
St. Elias, and constitute the high barrier between the Pacific coastal
belt and the interior. At the head of Knik Arm they swing south-
ward and continue, though with diminished altitudes, into Kenai
Peninsula and Kodiak Island.

GEOLOGY.a
OUTLINE.

The rocks of the area investigated range in character from erys-
talline schists of probable pre-Silurian age to unconsolidated Quater-
nary stream and glacial gravels. A great central area of various
granitic rocks, of middle Mesozoic age, makes up the mass of the
Talkeetna Mountains. (See PL 1T, pocket.) On its southern flank
this granite core is in part bounded by a narrow belt of albite and
garnetiferous mica schists, which is in turn, on its southern border,
bounded by a narrow band of granite similar in type to the central
mass.

On its northwestern margin it is bordered by a series of slates and
graywacke-slates. The latter series shows some similarity to the
great series of graywackes and slates which oceur on the south side of
Knik Arm and strike into the Chugach Mountains,

East of Chickaloon Creek marine Jurassic strata attain an exten-
sive development. They are divided into two unconformable series.
The lower series is characterized by a volume of andesitic breccias,
agglomerates, and amygdaloids of greenstone habit, exceeding 1,000
feet in thickness. These voleanics are conformably overlain by
several thousand feet of sandstones, shales, and conglomerates. The
younger unconformable series of Jurassic rocks consists of shales,
sandstones, and conglomerates, with some interstratified tuff and
arkose. The age indicated ranges from the late Middle Jurassie
through the Upper Jurassic. Conformably overlying these strata is
a Lower Cretaceous limestone, 300 feet thick.

Upper Eocene rocks are represented by the Kenai formation, a
series of folded sandstones, shales, arkoses, and conglomerates, carry-
ing thick beds of bituminous coal. These coal beds are limited to the
lower basin of Matanuska River.

A series of post-Eocene basaltic lavas and associated pyroclastics
overlie the older rocks unconformably. They attain a thickness of
1,000 feet, and form the summit topography of much of the area.

An extensive sheet of glacial gravels is the most recent deposit of
the region.

. For an abstract of this paper see Bull, Geol, Soc. America, vol, 18, pp 325-332.
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Geologic column of the Talkeetna and Matanuska busins,

Age Churacter, IThtcknu-.
Feet,
QUALEMMATY . ...cuvieesnasesnssassssaess Btream and glacial gravels ... ..occvvvviiiinnanin. 300 +
Uneonformity,
Post-Eocene ..........cccvnrveerccnnes 1 Basaltic lavas, breccins, wnd tuffs ... ............ 1, 0004
Unconformity.
Upper Eocene: Kenal formation...... | Conl-bearing shales, saudstones, nrkoses, wod 1,000~
) conglomerntes. '
Unconformdly,
Lower Cretaceous . ....................| Limestone ..... R AR R SN R R A 300
Upper Jurassic and Upper Middle | Shales, sandstones, conglomerates, (aff, and 2,000 4
Jurassic. e arkose, with coal, ¥
Uneonformity.
Lower Middle Jurassde ................ Bhales, sandstone, and conglomerale, with coal. . 1,000 4
Andesitic greenstone, tufts, agglomerntes, and | 1,000+
breeclas; rhyolites, dueftes, and tafls,
Pueonformity? |
Pre-Jurnssie: |
Bunrise “serfes"' ... iiiiinnaas.| Motamorphio roeks . .....coovvvnniiiiiniaiaiiiiiass ?
Graywackes, slates, basaltic greenstones and
tuffs, and rhyolites and (uffs, in Knik River |
region, |
| |
Busitna slnte ? ovevarnsnannneinnna.| Blutes, gravwaekeslates, and microcrystalline | 1
schists with intrusive granite, in lower, Tal-
keetna reglon, I
Garnetiferous mica schisis and albite zolelte
schists,

|

MICA SCHISTS.

A series of mica schists forms a narrow belt, not over 3 miles wide,
near the head of Willow Creek. This belt has an east-and-west direc-
tion, and is known to extend not farther cast than Tsadaka Creek
and to disappear westward beneath the gravel floor of Susitna
Valley. :

The schists are thoroughly foliated rocks of medium grain, and
show in general no variations in appearance. Under the microscope
they are found to comprise garnetiferous mica schists and chlorite-
albite schists. The garnetiferous mica schist is composed largely of
quartz, which shows powerful strain shadows, muscovite in long
laths, chloritized biotite, orthoclase, and garnet altered almost com-
pletely to chlorite. In the albite schist soda feldspar is the dominant
constituent. The albite poikilitically incloses various other con-
stituents, chief among which is clinozoisite in long, stout prisms,
usually oriented parallel to the schistosity. In addition to the albite
abundant quartz, crushed and showing strain shadows, is present in
considerable amount, with some chlorite and clouds of magnetite
dust. Muscovite is but an accidental constituent, and is only found
included in the albite plates. Some of the albite schists, however,
contain muscovite as an important constituent. Such a schist, ex-
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amined microscopically, shows large albites in the form of augen,
quartz badly crushed and strained, muscovite of a sericitic nature,
and chlorite, and is evidently a schist affected by a second period of
dynamic activity.

Some serpentine and pyroxenite are included in the mica-schist
series. The pyroxenite presents a pseudoporphyritic aspect under the
microscope, due to crushed plates of monoclinic pyroxene lying em-
bedded in a groundmass of serpentine. The pyroxene is noteworthy
on account of the fine multiple twinning parallel to the orthopinacoid
and of the slicing which has taken place along that plane. The
shearing of the pyroxenite is probably to be correlated with the move-
ment which ernshed the schists,

The strike of the schistosity varies from N. 45° E. to N. 60° W.
The dips average near 40°, but are inclined on both sides of the
vertical. Fossils have not been obtained from this formation, nor is
their occurrence in it likely. On account of its thoroughly meta-
morphic character, which considerably exceeds that of any of the
terranes presently to be described, this formation is regarded as repre-
senting the oldest rocks of the region. Tts members show a petro-
graphic similarity to the mica schists of the Yukon-Tanana region,
and a possible correlation with the pre-Silurian of that district is

suggested.

UNDIFFERENTIATED METAMORPHICS.

Metamorphic rocks, which, becanse of lack of fossil and other
stratigraphie criteria, can not be placed definitely in the stratigraphic
column, occur in the lower portion of Talkeetna Valley—in the ex-
treme northwestern part of the region traversed—and in the Knik
River region—in the southern portion.

SLLATES AND SCHISTS OF THE LOWER TALKEETNA VALLEY.

A series of metamorphic rocks outcropping along the upper course
of Susitna River and the headwaters of the Cantwell was named the
Susitna slate by Eldridge, who describes the beds as—

* = =+ essentially quartzitic, varylng In conrseness of material from an ex-
tremely fine homogeneous rock to one of granular structure, In addition to
aquarfz there are occasional orthoclase, plagioclase, biotite, muscovite, seattered
grains of iron oxide, and minute fragments of slate, apparently of the same
nature as the fine-grained slates of the series itself, The entire series has been
extensively sheared and the sand grains crushed, so ns to produce the partial
schistose or slaty structure that so generally prevails. Whitman Cross, of the
Survey, who examined the rock microscopically, found no grains referable to
igneous rocks, In spite of the Impression from megascopical examination that
the rocks were sheared eruptives.
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A feature of the formation in localities where great crumpling of the strata
has taken place is the presence of large quartz seams, half an inch to 2 feet
thick, reticulating the exposed surface of the series with considerable intricacy.
Such seams often show mineralization with sulphide of iron.s

The work of the season of 1906 showed that a series of rocks similar
to the Susitna slate and schist has a considerable areal distribution
along the lower course of Talkeetna River. In that region they
show somewhat greater petrographic diversity than where studied by
Eldridge. With the slates are associated various microcrystalline
schists; that is, schists that are so fine-grained that their constituents
are not recognizable by the unaided eye. Some are of aphanitic
texture and display only a feeble schistosity. Examined mmrmp-
ically, they prove to be composed largely of llght -green hornblende in
slender prismatic development. Quartz, chlorite, epidote, and biotite
are the remaining constituents. Other schists, whose foliation is more
apparent to the eye, consist of fine-grained aggregates of quartz and
biotite, with much included carbonaceous material. In general the
metamorphism of these schists has proceeded far enough to obliterate
the evidence of their original clastic origin. In the lower Talkeetna
River region they are associated with batholithic masses of granitic
rock and locally are intimately intruded by apophyses of such
masses. Much of their metamorphism may be imputed to this
relation. The Susitna rocks have yielded no fossils nor are their
stratigraphic relations known, so that their age must remain con-
jectural. The unmetamorphosed character of the Jurassic shales and
sandstones of the Talkeetna Mountains indicates that the Susitna
rocks are probably pre-Jurassic. The Susitna slates and schists show
some lithologic resemblance to the rocks of the Sunrise “ series™ of
the Turnagain Arm region, but appear for the most part to be some-
what more highly metamorphosed.

‘The microcrystalline schists are mterqtrahﬁed with the clay slates
and, especially those containing notable amounts of hornblende, ap-
pear to represent metamorphosed bands of i I, dolom.ltes Sim-
ilar rocks are not known from the Sunrise “ series.” On account of
these differences, which on the whole appear to outweigh the similari-
ties, the Susitna slate is placed beneath the Sunrise formation in the
geologic column.

GRAYWACKES AND SLATES OF THE KNIK RIVER REGION.

DISTRIBUTION AND CHARACTER.

The rocks on the south side of Knik Arm and in the valley of
Knik River consist largely of graywackes, slates, and phyllites, with

« Mldridge, G. H., Reconnaissance in Susitna basin and adjacent territory, Alaska, In
1888 : Twentleth Ann. Rept. U. 8. Geol. S8urvey, pt. 7, 1900, p. 15.
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some greenstones, rhyolites, and tuffs. The general strike of the
series (N, 60° E.) tends to carry them eastward approximately paral-

lel to the course of Matanuska River. Their distribution to the sonth —

ig indicated by the fact that the moraine of the great glacier at the -
head of Knik Valley is composed exclusively of graywacke and slate.
As the same rocks are reported by Mendenhall from along the shores
at Port Wells on Prince William Sound, it is probable that this sec-
tion across the Chugach Mountains consists largely of graywackes
and slates.

The graywackes are highly indurated rocks, whose most conspicu-
ous feature to the unaided eye is the unusual abundance of small
angular slate fragments. They are of dark bluish-gray color and at
some places are not easily distinguishable from basic volcanics.
Under the microscope the graywackes prove to be of rather hetero-
geneous derivation. Angular fragments of quartz, containing capil-
lary rutile, fragments of feldspar, plagioclase in part, usually altered
and occasionally distinctly rounded, hornblende, augite, and frag-
ments of slate comprise the main constituents. A little muscovite,
epidote, pyrite, magnetite, and zircon are present as accessories. The
binding material is a feebly polarizing aggregate flecked with chlorite.
Other thin sections of the graywackes show, in addition to the slate
particles, fragments of quartzite, of micropegmatite, and of a chlorit-
ized voleanie, probably an andesite. The graywackes are roughly
schistose, and pass by increasing fineness of grain into graywacke
slates and into highly cleaved clay slates. The slates locally assume a
schistose foliation, become glossy, and pass into phyllites, At Knik
Glacier they are affected by slip-strain cleavage, and are acutely
crumpled and contorted. The interbedded graywacke, however, has
been rendered only roughly schistose. Quartz stringers are very
abundant in the slates and graywackes of the Sunrise “ series,” and at
places form an intricate network of small veins, averaging about an
inch in thickness. Mineralization of the quartz is not visible to the
eye. In the Sunrise district, however, free gold is found at some
places in these stringers.

Near the mouth of Knik River a great volume of greenstone tuffs,
estimated as probably 1,500 feet thick, was found assoeciated with the
graywackes., They are dense, fine-grained rocks of green color, con-
spicuous on account of the numerous angular fragments of black slate
which they inclose. The microscope shows that the rock is largely
composed of opaque angular fragments of a greenish-yellow color.
In places such fragments contain phenocrysts of highly altered feld-
spar and porphyritic augite in fine idiomorphic development. The
remaining constituents of the tuff comprise fragments of brown horn-
blende, augite, graywacke, intersertal basalt (much altered), and
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quartz diorite, Chlorite and calcite form a scanty binding material,
and a little lencoxene occurs as an accessory mineral.

The massive greenstones found in the Sunrise “ series™ are, as a
rule, nonporphyritic rocks of aphanitic texture. Secondary minerals,
such as light-green hornblende, chlorite, and epidote, are strongly
developed, and the feldspars are represented by aggregates of decom-
position products. The former structure is thus often obscured, but
remnants of ophitic or closely allied textures are sufficiently well pre-
served to leave no doubt as to the original character of the rock.

Rhyolites and their tuffs are associated with slates at a locality half
way up Knik River. The acidic voleanics are of felsitic habit and
include flow-banded types and porphyritic phases with inconspicuous
quartz phenocrysts. A rude schistosity has been impressed on them,
and in consequence they show a faint unctuous appearance on their
foliation planes. In thin section a strongly marked eutaxitic struc-
ture is displayed, which is further emphasized by the fact that certain
flow bands show a more advanced devitrification than others. Por-
phyritic constituents are not numerous. Of these, quartzes are most
abundant. They exhibit in places some magmatic corrosion, but are
usually broken and dispersed. A few orthoclase phenocrysts are pres-
ent, crushed and largely converted to sericite. Epidote, replacing
original femic phenocrysts, is a rare constituent. The groundmass is
microcryptoerystalline and very feebly polarizing. Occasionally cer-
tain flow bands are noteworthy on account of the abundance of very
minute flakes of sericite.

The tuffs accompanying the rhyolites, like the greenstone tuffs, are
remarkable for the abundance of small, angular slate fragments which
they include. Microscopic study indicates that the rhyolite tuffs
grade into graywackes. A transitional type is represented by a rock
in which glassy quartzes and white feldspars are studded in porphy-
ritic fashion in a dense greenish matrix. In thin section about half
of the slide is composed of numerous fragments of microcryptoerys-
talline volcanics showing fluxion phenomena. They are sparingly
porphyritic, and in one section were found to contain dihexahedral
quartz. These, as it were, constitute a groundmass for angular frag-
ments of quartz and plagioclase. The microclites commonly referred
to rutile are unusually well shown in the quartz fragments, as is also a
little zircon. The feldspar occasionally shows rounded edges, and
is usnally in an advanced state of alteration. Some partially chlorit-
ized angite and a little hornblende are also present. Slate particles
are numerous, and show molding around the other constituents in
consequence of the shearing to which the rock has been subjected.
Chloritic matter forms the binding material of the rock.

The general petrography of the rocks of the Knik region proves
that the graywackes were derived largely from the destruction of a
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granitic area, probably, as the inclusions in the greenstone tuff show,
of quartz-diorite character.

The various rock types, grayvwackes, greenstone tuffs, and rhyolite
tuffs are characterized by the presence of numerous small, angular
slate fragments. Metamorphism has not proceeded far enough to
mask the clastic origin of the typical members, nor to cause a marked
development of new minerals. ‘

The cleavage of the rocks of the Sunrise “ series ” is parallel to the
bedding. The strike, which is N. 60° E. at the mouth of Knik River,
gradually swings around to the north as the Knik River is ascended,
and becomes N. 10° E. at Knik Glacier. This change of strike in
the strata coincides in a general way with the change in the axial
trend of the Chugach Mountaing, which in this region make a great
bend to the south and continue into the Kenai Peninsula as the {enai
Mountains. The dips are usually high, ranging from 40° to 90°.
Structurally the series presents a monoclinal succession of steeply
dipping strata, which is undoubtedly due to repetition by close
folding.

AGE AND CORBELATION.

The rocks on the south side of Knik Arm were included by Men-
denhall @ in the Sunrise “ series,” as originally defined—a name given
to the metamorphic gold-bearing rocks occurring in the Sunrise
mining district on Turnagain Arm. They are described by Moffit
as consisting principally of slates and arkoses, with very subordinate
amounts of quartzite and conglomerate. The rocks of the region
under discussion bear a general lithologic resemblance to those of
the Turnagain Arm region and conform with them in strike. There
appears, accordingly, no good reason for introducing a new . for-
mation name, and they are here discussed under the designation of
Sunrise formation, although basaltic greenstones and aporhyolites
have not been described from the type locality. No fossils have yet
been found in the Sunrise formation, so that only tentative con-
clusions as to its age can be drawn. The slates and graywackes of
the Sunrise * series ™ in the region under discussion are more highly
metamorphosed than the shales and sandstones in the adjoining
Matanuska region. As the latter are shown by their marine fauna
to be lower Middle Jurassic, an age probably earlier than Middle
Jurassic is indicated for the Sunrise “ series.” From a similar line
of evidence in the Kachemak Bay region Moffit ¢ has assigned the
formation to a pre-Jurassic, probably Paleozoie, age.

® Op, cit., p. 306,

b Moflit, ¥, H,, Gold fields of the Turnagain Arm region : Bull 1. 8, Geol, Survey No. 277,
1506, p. 16,

¢ Op. ¢lt, p. 189,
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In the absence of definite paleontologic evidence, the correlation of
the Sunrise formation with the similar graywacke-slate series of
Prince William Sound must be made on purely petrographic and
structural grounds. On this basis it appears that the Sunrise for-
mation is probably the equivalent of the Valdez formation.

IGNEOUS PHENOMENA.

In addition to the greenstones, rhyolites, and accompanying pyro-
clastics, which form an integral portion of these rocks, other igneous
rocks occur, probably as intrusives. They include quartz diorite,
peridotite (lherzolite), and andesite. The quartz diorites on the
south side of Knik Arm form bosses, whose relation to the surround-
ing sedimentary rocks was not seen. They are cut by andesitic dikes
of greenstone habit. A mass of peridotite composed of augite, en-
statite, and partially serpentinized olivine occurs in the mountain
mass southwest of Eklootna Creek.

LOWER MIDDLE JURASSIC ROCKS.
DISTRIBUTION AND CHARACTER.

The oldest rocks of determined age comprise andesitic greenstones,
quartz porphyries, tuffaceous sandstones, shales, and conglomerates.
Some coal is found in the nonvolcanic portion of this series. The
greenstones constitute the most characteristic member and attain a
wide distribution, especially in the interior of the Talkeetna Moun-
tains, where only the volcanic portion of the series appears to be
bresent.

The great bulk of the greenstones are clearly products of explosive
volcanic activity. They occur largely in the form of stratified brec-
cias (PL III, B), in which angular fragments of dark-blue por-
phyritic rock, varying in size from microscopic dimensions to sev-
eral feet in diameter, are inclosed in a matrix of green color.
This contrast of colors, which serves to emphasize the breccia char-
acter of the rock, is due to the fact that the matrix is abundantly
changed into the green mineral chlorite, whereas the large angular
fragments, being of a dense, fine-grained texture, have often with-
stood alteration more thoroughly. With the breccms are intercalated
various sheets of amygdaloids, porphyries, and flow breccias. (See
PL IIL, 22.) The amygdaloids are frequently studded with numerous
large amygdules, whose filling may consist of chalcedony, quartz,
calcite, chlorite, or zeolite.

A prominent feature of the greenstones is the great amount of
shattering and slickensiding which they exhibit. Where this internal
movement has been of a more regular character a rude schistosity has
been impressed on them. Extensive pyritization of a diffused char-
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acter was noted at several localities, but a thin irregular seaming
with caleite appears to be the most usual form of mineralization.

Petrographically the greenstones are prevailingly andesitic, nsually
of hyalopilitic or pilotaxitic texture, and more or less completely
chloritized. Examples more basic than andesite appear to be rare
and were noted only on Boulder Creek, about 7 miles from its mouth,
where greenstones displaying columnar structure make up the north
wall of the valley. These prove to be diabase porphyries.

The thickness of the greenstones often exceeds 1,000 feet. The
tuffs locally contain fragments of lignite, and at the eastern end of
Sheep Mountain, in the upper Matanuska Valley, were found to
carry marine shells in a fine state of preservation.

Under the convenient field term “quartz porphyry ™ have been
grouped various rhyolites and dacites, including their tuffs, that
are associated with the greenstones. These are widely distributed in
the interior of the Talkeetna Mountains. The rhyolites are gener-
ally flinty-looking rocks containing glassy phenocrysts, but also
include some splendid flow-banded phases. Devitrification is com-
mon in the rhyolites. Some of the dacites resemble the rhyolites in
appearance, but others possess a greenstone habit. These acidic lavas
appear to have been erupted either during or soon after the period
of the andesitic extrusions, as they contain included in them frag-
ments of microlitic andesite.

During the extravasation of the rhyolites conditions were not uni-
form over the province. While lavas were accumulating in some
portions of the region sedimentation was progressing in others. On
the divide between Hicks and Boulder creeks a white stratum 20
feet thick is prominent. It proves to be a feldspathic sandstone,
with some irregular thin white bands, about a quarter of an inch
thick, scattered through it. The microscope shows that these bands
are composed of microspherulitic particles and fragments of devitri-
fied rhyolite, with fine flow structure, indicating that showers of
rhyolitic material were prevalent during this portion of lower Middle
Jurassic sedimentation.

At various points, especially in the region east of Chickaloon
Creek, the greenstones are overlain conformably by a series of sand-
stones and shales. Some finely flow-banded volcanies, now devitri-
fied, are in places associated with the sediments, proving that erup-
tive activity had not entirely ceased during their deposition. This
series, by its dominantly sedimentary character, can be readily dis-
tinguished from the underlying meta-andesite accumulation.

The sandstores are usually feldspathic, and under the microscope
show numerous small fragments of microlitic andesite no largér than
the feldspar or quartz grains. The shales locally carry numerous

13070—Bull. 327—07—2 ' '
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limestone nodules. At various localities the shales and sandstones
associated with the greenstones are intensely shattered and crushed.
This is especially notable in the gorge of Billy Creek. In this vicin-
ity also oceur several conglomerates not found elsewhere in the series.
Some of these, perhaps, merit description. The conglomerate just
above the head of the gorge is composed of well-rounded bowlders,
up to 4 feet in diameter, of andesite porphyry and of amygdaloid.
The matrix of this voleanic conglomerate has been severely slicken-
sided. On the same stream another conglomerate 400 feet thick is
revealed. It consists of various porphyries and white quartz peb-
bles embedded in a gritty, coherent matrix. A noteworthy feature
of this conglomerate is the abundance of pebbles that show indi-
vidual faulting.

STRUCTURE.

The general strike of the series 1s north and south (magnetic), and
the dips are variable. Along one of the western tributaries of Hicks
Creek a gentle synclinal folding is exposed; farther north on Hicks
Creek a small steep anticline, trending N. 30° E. (magnetic), is
shown. The beds are broken by numerous faults of small throw
and, as is evident from the detailed description of the series, have
been subjected to a large amount of internal disturbance. Detailed
mapping will show the presence of a complicated system of more
extensive faults.

FOSSILS AND AGE.

The fossils found in tuffs associated with the greenstones were
submitted to T. W, Stanton, who reports as follows:

6 A. K, 201, Fossiliferons tuffs, associnted with lavas and coarse pyroclastics,
from the head of Matanuska River.

Tthynchonella. Astarte?
Lima. I'rotocardia.
Pecten. Smooth apecies. Pleuromyu.
Pecten. Species of Vola type. Sonninia?
Trigonia.

The Jurassic age of this lot is clearly shown by the form of the Trigonia and
of the ammonite (Sonninia?). The general aspect of the fauna is that of the
lower part of the Enochkin, though it may be somewhat older than the fauna
in lots 88A and 88B. With the exception of the Vole-llke specles of pecten
there is nothing in it to suggest the lower Jurassic fauna of Seldovia,

According to this determination the age of the greenstones -is
lower Middle Jurassic.

lstnnion. T. W., and Martin, G. ., Mesozolc section on Cook Inlet: Bull, Geol. Soc.
America, vol. 18, 1905, pp. 301-410.
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In general the sandstones and shales are barren of fossils, though
belemnites are rather common. The following species, however, were
found and were submitted to Mr. Stanton, who reports as follows:

6 A. K. 88A. Caribou Creek. tributary to Matanuska River.

Inoceramus cf. lucifer Eichwald. Phylloceras,
Pleuromya. Stephanoceras,
Pleurotomaria. Oppelia?

6 A, K. 88B. Same locality as preceding, but found in float bowlder in stream
bed.

Inoceramus. Steplhanoceras,
Natlen. Sonninia? (two specles).
Phylloceras. Belemmuites,

The two lots are evidently from the same horizon, and nearly all the species
occur in the lower part of the Enochkin at Snug Harbor. .

The age of these sandstones and shales is, therefore, substantially
the same as that of the greenstones—lower Middle Jurassic. The
sedimentaries from which the above fossils were collected do not
differ much in appearance from the Tertiary sandstones of the
region. The greenstones, however, wear a more ancient aspect, and
are usually more internally disturbed than the sedimentaries, prob-
ably in consequence of the volume changes which they have undergone
during their metasomatic alteration.

QUARTZ DIORITE.
DISTRIBUTION.

Much of the rugged interior of the Talkeetna Mountains remains
unexplored, but such evidence as is available indicates that the great
central area consists wholly of granitic rocks. Extensive exposures
of granular crystallines were encountered along the line of travel.
The morainal material brought down by the glaciers from the remote
recesses of the range and the gravels of the streams heading in the
mountainous interior consist prevailingly of granitic material.

A considerable variety of rock types is found, but quartz diorites
appear to predominate. A quartz diorite north of Tsadaka Creek
carries the dark minerals, hornblende and biotite, and is associated
with a quartz-diorite gneiss rich in hornblende. This gneiss is found
also on Granite Creek and is doubtless a cataclastic phase of the
massive quartz diorite.  Along the middle course of Chickaloon
Creek quartz-augite diorite appears, but toward the headwaters it
gives place to a muscovite granite. Along the upper Talkeetna
gueisses again appear, but along the lower course more quartz diorites
are exposed. Along the western flank of the Talkeetna Mountains
granitic rocks are exposed in great abundance almost continuously
from Talkeetna River to Willow Creek and again as a narrow band
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forming the southern boundary of the crystalline mica-schist area.
Near Sheep Creek some uralitic gabbro is found. In the vicinity of
Kashwitna River is a light-colored quartzose type, which proves to
be a quartz monzonite.

The quartz diorites on the south side of Knik Arm are probably
to be correlated with those making up the main mass of the Talkeetna
Mountains. Similarly a small isolated boss of epidotized quartz
diorite a few miles east of the mouth of Caribou Creek appears to
belong to the same general mass,

AGE.

Wherever the quartz diorites come in contact with the Susitna
formation a reerystallization of the sediments has taken place and
finely granular hornfels has been produced. Along the upper Chick-
aloon the contact of the granite with the andesitic greenstones is
marked by a fine-grained marginal facies. Granite porphyries of
nevadite habit, containing greenstone inclusions, appear near the
contact and probably represent the chilled border of the invading
granite magma.

The quartz-diorite boss ea'st of Caribou Creek, which appears to
represent a satellitic intrusion attendant on the batholith of the Tal-
keetna Mountains, invades the andesitic greenstones of Sheep Moun-
tain, which have been shown by their fossils to be of lower Middle
Jurassic age. Accepting the correlation of this quartz-diorite mass
with those of the central portion of the province, we have strong pre-
sumptive evidence that the batholithic core of the Talkeetna Moun-
tains is later than the Middle Jurassic. From the abundance of
granitic material in the coarse conglomerates of Upper Jurassic age
it is inferred that the intrusion preceded the deposition of the late
Jurassic strata. The granitic complex of the Talkeetna Mountains
is thus contemporaneous in a general way with that great series of
batholithic intrusions of late Mesozoic age which affected the entire
cordilleran region from the Straits of Magellan to the Seward Penin-
sula of northwestern Alaska.e

UPPER JURASSIC ROCKS.

DISTRIBUTION AND CHARACTER.

The Upper Jurassic rocks consist largely of blue shales, locally
carrying fossiliferous limestone nodules. With the shales are asso-
ciated various sandstones, conglomerates, and some tuffs and arkoses,
Strata of this age have a wide distribution east of Chickaloon Creek,
but, were not observed in the Talkeetna Mountains.

& Lawson, A. (., The cordilleran Mesozoic revolutlon : Jour., Geol., val. 1, 1893, p. 579.
Brooks, A. H., The geography and geology of Alaska: Prof. Paper U. 8. Geol. Survey
No. 45, 1906, p. 250,
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The sandstones of this series are usually ordinary yellow sandstones,
which in places are conspicnons on nccount of the multitudes of
Awucella contained in them, this fossil making up as much as one-half
of the rock. In some places the sandstones have light-gray color.
This is due to the fact that such beds are highly feldspathic and con-
tain much finely comminuted black mica with an abundance-locally
of small bits of carbonaceous material.

On Billy Creek a number of interstratified tuff beds from 1 to 4
feet thick occur near the top of the series, a few hundred feet beneath
the base of the Cretaceons, These tuffs differ greatly in appearance
from the older Jurassic tuffs. They consist largely of fragments of
glassy, striated feldspar, hornblende, and quartz with fine pyramidal
terminations, set in an almost black matrix. Belemnites and lamel-
libranchs are embedded in these tuffs. Higher in the series arkoses,
closely simulating granites in appearance, are interstratified with
the sandstones. Coarser phases contain pieces of a fresh granitic
rock—a hornblende-biotite-quartz monzonite. The arkose is composed
largely of rounded and angular fragments of feldspar in a more or
less advanced state of alteration. Quartz is notably absent. Deep-
brown hornblende is somewhat common, and a few flakes of strongly
pleochroic biotite are found. With these are associated fragments of
hornblende andesite, highly altered, some of which were noted to
contain large idiomorphic feldspar similar to those forming the bulk
of the rock. The arkose thus appears to have been derived princi-
pally from the destruction of a volcanic land mass, but some of its
material was possibly brought from a monzonite area, as indicated by
the fragments of monzonite. [Under the microscope the feldspars of
these arkoses by their alteration contrast strongly with the clear,
alassy feldspars of the somewhat older erystal tuffs already described.

A notable accumulation of mnglomemte, stretching over several
square miles, occurs in the headwater region of Susitna River, near
the Nelchina River, where extensive glaciation has produced deep
troughs that expose splendid sections of it. Perpendicular cirque
walls reveal a thickness of not less than 1,100 feet. Oceasional thin
layers of sandstone show that the conglomerate is lying in horizontal
attitude. It is almost exclusively composed of large well-rounded
bowlders of augite andesite and quartz monzonite embedded in a
tuffaccons matrix. In the upper horizons the bowlders of andesite
preponderate. The bowlders of the conglomerate are ellipsoidal in
shape, and many of them are as much as 2 feet in diameter. The
conglomerate is lithified firmly enough to form large bowlders in the
present stream wash,

Sheets of lava are occasionally intercalated in the conglomerate.
The andesite bowlders are composed of rather fresh-looking rock,
and thus differ in appearance from the older greenstone andesite.
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The augite and feldspar are comparatively unaltered, while the hy-
alopilitic groundmass shows a rather strong pigmentation with iron
hydrate. The quartz monzonite, which earries abundant hornblende
and biotite, is also of fresh, unaltered habit. Tt is the same type of
granitic rock that is found in the arkoses on Billy Creek.

Along Nelchina River, immediately below the junction of the north
and south forks, the stream bluffs reveal an interdigitation of lenses
of sandstone, shale, and coarse conglomerate. The sandstones show
cross-bedding and contain remains of Awuecella. The conglomerates
are composed of well-rounded material, bowlders a foot through being
common. The prevalence of granitic rocks is noteworthy. The con-
glomerate masses serve to emphasize the lenticular habit of the de-
posit. A lens 25 feet thick and 100 feet long was found completely
inclosed by sandstone, Solitary waterworn bowlders have been em-
bedded in the center of shale lenses. These various characteristics
indicate a deposit formed under near-shore conditions, probably in
the vicinity of the debouchure of a swift stream. In harmony with
this interpretation is that fact that the Awucella characteristic of these
rocks, though a true marine species, is often found in beds interstrati-
fied with sandstones inclosing abundant carbonaceous fragments.

FOSSILS AND AGE.

The age of these strata has been determined from the following
invertebrates, identified by T. W. Stanton:

Lot 6 A. K. 156, Headwaters of Nelchina River of Copper River drainage.

Cadoceras sp. Many immature speci- I Belemnites. Fragments,
mens. |
The horizon Is that of the Cadoceras zone, which forms the upper third of

the Enochkin formation.

Lot 6 A, K. 185. Nelchina River.

Pleuromya. | Belemnites.

Cadoceras? Fragmentary imprint
doubtfully referred to the genus,
The horizon i probably in the upper part of the Enochkin formation.

Lot 6 A, K. 136, Billy Creek.

Aucelln ¢f. bronni Rouiller.
The same gpecies occurs in gimilar rock in the Naknek formation of Kamishak

Bay.

The fossils indicate faunas of both late Middle Jurassic age and
Upper Jurassic age. It is interesting to note that the Upper Jurassic
rocks of this region, which are faunally allied to those of the Naknek
formation on the west coast of Cook Inlet, show a certain lithologic
similarity in the presence of interstratified tuffs and arkose.” Further-

« Stanton, T. W., and Martin, (3. ., Mesozole section on Cook Imlet: Bull, Geol. Soc.
America, vol. 16, 1905, p. 402,
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more, an accumulation very similar to the remarkable andesite-
granite conglomerate occurring on the headwaters of Susitna River is
found at the base of the Naknek formation.

STRATIGRAPHIC RELATIONS.

The late Jurassic rocks overlie the lower Middle Jurassic rocks
unconformably. On Sheep Mountain, at the head of Matanuska
River, sandstones and shales with a thin basal conglomerate were
found resting on the eroded edges of the lower Middle Jurassic
greenstones. The following measurements indicate the amount of
this discordance: The strike of the greenstone tuffs is N. 12° W,
and the dip 50° E.; the strike of the superjacent sandstones is N. 85°
W., and the dip 20° N.

The thickness of the late Jurassic rocks (this term embracing the
late Middle Jurassic and Upper Jurassic) is not definitely known.
It certainly exceeds 2,000 feet, including a known thickness of 1,100

- feet of conglomerate.

Two conglomerates have been described as occurring in the late
Jurassic rocks. Of these, the andesite-quartz-monzonite conglomer-
ate overlies a portion of the late Jurassic strata, possibly of upper
Middle Jurassic age, and overlaps the greenstones of lower Middle
Jurassic age.

The other conglomerate oceurs interstratified with shales and sand-
stones, carrying Awucella cf. bronni, so that it is definitely known to
be of Upper Jurassic age. The granite bowlders of this conglomer-
ate do not, however, show the striking freshness so characteristic of
the granite of the other conglomerate: hence it seems to have been
derived from a granitic landmass which had been exposed for a
longer period to subaerial decay. For this reason the andesite-gran-
ite conglomerate is regarded as occupying a lower position in the
stratigraphic column, probably near the base of the Upper Jurassie,
like its analogue on the west coast of Cook Inlet.

The unconformity between the late Jurassic and the lower Middle
Jurassic rocks records an important event in the dynamic history of
the area. Below this break ir the stratigraphic sequence the rocks
are shattered and broken and in many places are rudely schistose, and
the andesites have assumed a greenstone habit and in several places
have been extensively pyritized and veined by quartz and ecalcite
seams. Above the unconformity the strata lie in comparatively
undisturbed attitudes, and the intercalated andesites are fairly fresh
and unaltered, differing in this respect but slightly from the Tertiary
voleanics of the region.

* Martin, ;, €., The petrolenm fields of the Pacific const of Alaska: Bull. U. 8. Geol.
Survey No, 250, 1005, p. 44,
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LOWER CRETACEOUS ROCKS.

Rocks of Lower Cretaceous age are represented mainly by a single
formation—a massively bedded limestone, 300 feet thick, which over-
lies the Upper Jurassic strata conformably. The limestone has a
limited areal distribution and is known only from the headwaters
of Billy Creek and Nelchina River, where it weathers in prominent
gray cliffs encircling the hilltops. (See Pl IV, B, p. 42.) The
limestone is white and of very finely saccharoidal texture. On fresh
. fracture it emits a strong fetid odor. It is readily soluble in cold
hydrochloric acid, and evolves an abundance of unpleasant hydro-
carbon gases. (QQualitative tests show the presence of not more than
a trace of magnesia. Under the microscope the detrital organic
origin of this limestone is readily apparent. It is largely composed of
irregular granules of dirty-looking calcite, but with these are asso-
ciated numerous prismatic sections referable to organic fragments.
Rhombohedral cleavage is here and there finely developed, but the
characteristic calcite twinning is notably absent. Some of the car-
bonate is still in the aragonite form, as is indicated by negative biaxial
interference figures. Accessory constituents are limpid plagioclase,
quartz with hairlike rutile, hornblende, and, more rarely, angite and
apatite. The incomplete conversion of the carbonate to the stable
modification, and the absence of twin lamellation in the calcite indi-
cate the essentially static conditions in which the limestone has re-
mained since its formation.

The age determination of this Cretaceous horizon is based on the
presence of Aucella crassicollis Keysérling, obtained by Mendenhall
from a conglomeratic sandstone at the base of the limestone. This
conglomerate may indicate a time break between the Lower Cre-
taceous rocks and the Upper Jurassic strata in conformable sequence
beneath them.

TERTIARY.

EOCENE,

DISTRIBUTION.

Strata of Kenai age were found only in the basin of the Matanuska
west of Hicks Creek, underlying an area of about 380 square miles.
This figure represents a minimum area, as the lower Matanuska Val-
ley is not included in the above estimate on account of the heavy
gravel sheet which effectually conceals all bed rock in that part of the
region. Strata of the same age are found at Tyonek, on the west
side of Cook Inlet, and at various points in Susitna Valley, but they
differ considerably from those of the Matanuska region in their lith-

@ Mendenhall, W. C., op. cit,, p. 309,
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ology and structure, in the absence of associated intrusives, and in
the character of the interstratified coal seams. Rocks of Kenai age
are widely distributed throughout Alaska, but nsually in areas of
restricted extent.

CHARACTER.

The Kenai of the Matanuska basin comprises a series of sandstones,
shales, arkoses, numerous coal seams, and a large volume of con-
glomerate. The rocks are well indurated, and, as first noted by
Mendenhall, resemble the Paleozoic coal measures of the Appa-
lachian region. The sandstones are gray, hard, and tough, and are
characterized by the presence of silvery shreds of white mica. At
some localities, as in the leaf-bearing strata in the Kings Creek coal
measures, the sandstones contain shale fragments. The shales show
no unusual features; they are dark-bluish, fissile, and interstratified
with the sandstones in very regular beds, The arkoses were noted
only on the ridge north of Tsadaka Creek, abutting against the
quartz-diorite mass. They are composed of feldspar, quartz, and
chlorite, and locally contain granite pebbles. Certain strata are fine
examples of regenerated granites.

Conglomerate is found at Castle Mountain, between Kings and
Chickaloon creeks, and at Conglomerate Mountain, between Tsadaka
and Eska creeks. (See PL TII, A, p. 16.) At both places the
deposit is at least 1,000 feet thick. Thin sandstone beds, not exceed-
ing a few feet in thickness, are intercalated with the conglomerate and
pinch out along the dip. The pebbles of the conglomerate are well
worn and possess a well-defined shingling. Their diameter averages
4 inches and ranges up to 8 inches. Greenstone porphyries form the
principal material of the conglomerate, with some quartz porphyry
and very rarely some granite and vein quartz. The matrix of the
pebbles is a grit.

Mendenhall ¢ describes the conglomerate of Castle Mountain as
follows:

This bed is probably not less than 1.000 feet thick, G00 feet of it having heen
measured, and the estimated height of the cliff above me at the time of the
measurement being 300 to 400 feet. The heavy conglomerate plates, which
together make up the mountain, are separated by thin sandy shale sheets, which
congtitute but an insignificant quantity of the mnss. 'I‘l_le pebbles of the con-
glomerate contain a great variety of rocks, among them many igneous types.

They are rounded and vary In size up to a foot in dinmeter, Overlying the
Castle Mountain bed is n body of soft shales with a cap of red gandstone,

Heavy beds of conglomerate dipping to the north can be seen on
the east side of Chickaloon Creek. The\ are pllrt. of a great series of

* Mendenhall, W. C., A rmunnlmm-e frnm munrrmunn Buy to the Tanana River,
Alaska, in 1808 : Twentleth Ann. Rept. 1. 8, Geol, Burvey, 1808-09, pt. 7, p. 308,
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sandstones, shales, and conglomerates, probably not less than 3,000
feet thick, which are overlain by basaltie porphyries at an elevation of
about 4,700 feet. Canyons cut through this series of rocks have nearly
vertical walls and give to the mountains a massive castellated form.
(See PL III, €, p. 16.)

The coal of the Kenai of the Matanuska basin is bituminous except
where modified by igneous rocks. The seams vary in thickness up to

a maximum of 17 feet.
FOSSILS AND AGE.

The age of these beds has been determined from their fossil plants,
These have been submitted to F. H. Knowlton, who reports as
follows:

This material, consisting of six small lots, is In the main very poorly pre-

served and insufficient in guantity to make the report of fullest value, The
various locnlities und the forms defected at ench nve ns follows:

Tsadaka Oreek, 25 feet above 11-foot coal seam. Age, Kenai,

Sequoln langsdorfii (Brgt.) Heer. Magnolin inglefeldi Heer.
Ficus? grinlandiea? Heer. Fragments of other dicotyledons.

Kings Creek coal. Age, appareatly Kenai,

IMeus? grimlandica Heer., Rhamnus eridani Heer,
Populus arctlea? Heer, Viburnum sp,, cf. V. nordenskiildi
Heer.

Arkose Ridge, north of Tsadaka Creek. Age, apparently Kenai,

Taxodlum distichum miocenum Heer. Ficus? grimlandica? Heer.
Taxodium tinajorum Ieer. Pallurns colombi Heer.
Populus sp.? Fruits, of. Leguminosites sp.

Chickaloon coal strata, Watson's camp. The age indicated is Kenai.
Sequola langsdorfii (Brgt.) Heer,
In addition to this form Martin collected:
Taxodium distichum miocenum (Brgt.) Populus arctica Heer.

_Heer. Corylus macquarll (Forbes) Heer.
Salix varians Heer. Juglans nigella Heer.

In addition to the plant remains, shells have been found by Mar-
tin in the thin ironstone (No. 17) in the section on page 12 of his
report.” Stanton says:

This lot (No. 3316) consists entirely of fresh-water gasteropods, of which all
but one specimen belong to a single species of Viviparus of a type that ocenrs
in both the upper Cretnceons and the Tertiary. The other specimen is a more
glender form, too Imperfect for generic determination. These fossils are appar-
ently an undescribed species—at lenst they are new to Alaska—and they do not
fix the horizon more closely than is above indicated. "

2 Op. elt,, p. 12,
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The evidence from the flora of these beds shows, therefore. that
they belong to the Kenai, which is regarded as of upper Eocene age.
The evidence from the fo=sil gasteropods is valuable in confirming
the fresh-water origin of this thick series of strata and, in a general
way, their Iate Cretaceous or Tertiary age.

STRATIGRAPHY.

The thickness of the Kenai in this field is not definitely known, but
is over 3,000 feet, of which 1.000 feet, near the top of the series, con-
sists of the conglomerate.

The stratigraphic relations of these Tertiary strata to the older
rocks are complex. North of Tsadaka Creek, where arkoses come in
contact with granitic vocks, simple erosional unconformity is sug-
gested. West of the Little Susitna there is evidence that the position
of the sandstone beds against the crystalline rocks is due to faulting.
At one locality the beds overlie at a considerable angle crystalline
mica shists, while & mile or two farther west a granite similar in type
to the central granite mass has taken the place of the sandstone beds
against the schists, and the sandstones lie farther sonth, against the
granite. (See PL IT, pocket.) Along the south flank of Anthracite
Ridge the Kenai has been faulted against Jurassie beds.

The Kenai beds have been folded and faulted sinee they were laid
down. The folding is at some places of a sharp, asymmetric charae-
ter. On account of the presence of coal beds in the Kenai, it is
thought best to present the main discussion of its structure in the
description of the coal fields.

IGNEOUS PHEXOMENA.

Dikes and sills of diabase are numerous in the Kenai rocks of the
Matanuska region, especially in the region east of Chickaloon Creek.
where they form prominent * trap ridges.” The thickness of the
intrusives ranges from several feet up to several hundred. Equally
noticeable variations in grain. ranging from extremely fine-grained
to coarse ophitic textures, are casily recognized by even the naked eye.
At Anthracite Ridge one of these dikes, 75 feet thick, composed of
augite and labradorite, has exerted strong contact metamorphism on
the adjoining shales, baking them into a porcelanite zone 8 inches
thick.

The igneous sheet overlyving the shales on Kings Creek at the coal
prospects differs petrographically from the prevailing diabase in-
trusives of the region. It carries porphyritic feldspars in a light-
colored granular groundmass and has been determined mlcroscoplcall\r
to be a monzonite porphyry.

The effect of these dikes and sills on the coal is of particular interest.
Wherever they cut the coal or come close to it they have converted it
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to a hard, dense coke. Besides this local effect the presence of thick
sills in the coal-bearing rocks appears to have raised the grade or
fuel value of the coal. As will be shown under the discussion of the
mineral resources, the Matanuska coal field can be divided into two
districts, of which one, the western, contains low-grade bituminous
coal, approaching lignites in composition, while the other, the eastern,
contains high-grade bituminous coal. The difference in character of
the coals can not be explained as due to difference in intensity of
folding in the two districts. Igneous intrusives are absent from the
western district, but are prevalent in the eastern. This association of
high-grade coal with abundant intrusives is at least suggestive. Fur-
thermore, it is probable that the anthracitic character of the coal of
Anthracite Ridge is due to the presence of unusually thick and
abundant dikes in rocks of Kenai age.

COMPARISON WITH ADJOINING REGIONS,

The Kenai rocks of Matanuska Valley differ markedly from those
of the type section of the Kenai as exposed on Kachemak Bay, on
Cook Inlets where the sandstones are soft and incoherent, the shales
are plastic when wet, and the lignite seams form the resistant mem-
bers, The beds on Kachemak Bay lie at low angles in undisturbed
attitudes, The lignite is in general hard and glossy, but in the
higher seams becomes dull and shows a more woody fiber. The lower
seams have been buried under a depth of nearly 10,000 feet of strata.

If the Kenai of Matanuska Valley be compared with the Kenai
exposed at Tyonek, the contrast is even greater, though Tyonek is
nearer than Kachemak Bay. The Kenai at Tyonek consists “ of alter-
nating beds of clay, sand which has hardened to sandstone in huge
nodules, and lignite.” * According to Eldridge, the lignite in places
hardly appears to be more than a compressed mass of carbonized
wood. The strata are tilted at angles ranging from 35° to 60°.
Though more sharply deformed, the coal is of lower grade than that
of Kachemak Bay.

From the foregoing comparisons it appears that the Kenai of
Matanuska Valley differs considerably from that of the adjacent
regions in its higher degree of induration and in the superior quality
of its coal seams. The conclusion can be drawn that the higher
character of the Matanuska coal is due not to conditions of deeper
burial or sharper folding, but to the prevalence of intrusives in the
coal-bearing strata.

a 8tone, R. W., Coal fields of the Kachemak Bay reglon: Bull. U, 8 Geol. Survey No.
277, 1906, . 58,

® Hpurr, J. K., Reconnaissance in southwestern Alaska in 1898 : Twentleth Ann. Rept.
U. 8. Geol. Survey, pt. 7, 1888-99, p. 102,
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POST-EOCENE.

Overlying the older rocks unconformably is a series of nearly hori-
zontal basalt flows, which, with their intercalated pyroclastics, at-
tain a thickness of 1,000 feet. They have an extensive distribution
throughout the Talkeetna Mountains and compose many of the peaks
and summits of the region. They weather in tints of red and break
down in characteristic erosional forms which lend a picturesque
castellated appearance to the mountain crest lines.

The basalt flows with their interbedded tuffs and breccias present
a stratified appearance. The surface upon which these volcanics
were accumulated appears to have been one of gentle relief, cut
across the upturned edges of the older rocks. The discordance with
which the nearly horizontal basalts rest upon the underlying strata

" varies from 10° to 90°. About the headwaters of Chickaloon Creek

this surface slopes gently northward. East of Chickaloon Creek
its altitude 1s about 5,000 feet. It is somewhat broken by small
faults, the maximum displacement noted being 50 feet. At many
places the basalts rest upon a conglomerate occupying broad channels
in the Lower Cretaceous limestone. The basal portion of the voleanic
series here consists of 100 feet of tuffs and amygdaloid breccias,
which interleave with the sandstone beds in the upper portion of the
conglomerate. The conglomerate consists of rather coarse wash em-
bedded in a gravelly matrix. The pebbles are well rounded, though
poorly sorted and shingled, and cobbles up to a foot or more in
diameter are common. The material is largely of volcanic origin,
consisting principally of greenstone amygdaloids and eutaxitie rhyo-
lites—extrusives of Jurassic age. Some irregular lenticular beds of
sandstone are included in the conglomerate. It is 200 feet thick, and
in the vicinity of Billy Creek fills a channel 1,000 feet wide, cut in
the Cretaceous limestone and partly in the underlying sandstones.
The arclike line of contact is finely exposed in the deep canyons tribu-
tary to Billy Creek. This conglomerate, whose fluviatile origin is
thus apparent, has a very limited distribution and has been preserved
only where buried under the covering of basaltic lavas. This con-
glomerate is later than Lower Cretaceous, but further than that its
age is not known. Lithologic similarity suggests its correlation with
~ the great mass of conglomerate occurring in the upper horizons of the
Kenai in Matanuska Valley.

Locally the conglomerate is capped by an angular wash consisting
of fragments of sandstone and cellular lavas, upon which rests the
stratiform series of basalts and pyroclastics. At one point a breceia
of unusnal constitution was found near the base of the volcanic series,
This breccia consists of large angular blocks of highly amygdaloidal
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lava, blocks of sandstone containing Awcella, and a few blocks of
the Cretaceous limestone characteristic of the region. A basalt block
8 by 10 feet was the largest noted. The matrix in which this angular
material is embedded is composed of small, well-rounded gravel.
These features are interpreted as indicating a volcanic mud flow oc-
cupying an ancient stream course,

The overlying basalts display a wide variation in habit and
texture. Highly glassy types, amygdaloids, porphyries, and dolerites
are variously represented, They belong to the acidic end of the basalt
family and arve in general non-olivinitic. The coarse-grained basalts
consist of doleritic aggregates of labradorite (Ab.An,) and augite.
Plagioclase is the dominant constituent, and is in only a few speci-
mens poikilitically inclosed in the augite. The basalt glass from the
head of Chickaloon Creek, in spite of its holohyaline aspect, is found
to contain sporadie phenoerysts of plagioclase (Ab,An,) and augite,
and some small, irregularly shaped doleritic aggregates of labradorite
and augite. The glassy base is of a deep. clear, brown color, and con-
tains numerous augite and very minute feldspar microlites, the latter
usually having forked terminations.

The basalts overlie a conglomerate of post-Lower Cretaceous
origin and of probably late Kenai age. Their petrography sug-
gests that they are the effusive equivalents of the diabase dikes and
gills that are so common in the Kenai of the Matanuska basin. These
voleanies of the Talkeetna Mountains can be correlated with the great
series of Tertiary voleanices of the upper Nizina basin, described by
Schrader and Spencer, and with an important voleanic series on
Nabesna River, described by Brooks. Both these series are deseribed
as comprising andesites, rhyolites, and pyroclastics, and were de-
posited unconformably upon a general uniform surface. The vol-
canics of the Talkeetna region, however, show a greater petrographic
uniformity and consist exclusively of basalts and their fragmental
accumulations. In this respect they show a closer resemblance to the
lIate Tertiary lavas of the Alaska Peninsula and the Aleutian Islands,
which have been described by Spurr @ as andesitic basalts,

QUATERNARY DEPOSITS.

Extensive deposits of glacial and fluvioglacial gravels are preva-
lent. They extend entirely around the head of Cook Inlet, forming
bluffs 50 to 100 feet high. Below Knik the gravel consists largely
of subangular to rounded pebbles of hornblende-biotite granite and
graywacke, with occasional muscovite-biotite granite, pyroxenite, and
andesitic porphyries. Enormous'angular blocks are frequently in-

# 8purr, J, ., A reconnaissance In southwestern Alaska in 1808 : Twentieth Ann. Rept.
U. 8, Geol. Burvey, pt. 7, 1900, p. 234,
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cluded in this stream-worn material. Many of these have smooth,
polished surfaces several feet square, much scratched and grooved.
The gravel sheet at Tyonek, on the west side of Cook Inlet, with its
extension up Susitna Valley as far as Chulitna River, has been rec-
ognized as divisible into an older and a younger formation. The
older apparently consists of the ground moraine of an advancing ice
stream,” and the younger inclides fluvioglacial gravels deposited
upon the earlier sheet during the recession of the ice. These distine-
tions can not be drawn in the Matanuska region. The gravel sheet
in Matanuska Valley is of considerable areal extent and mantles the
old valley floor, especially in the region west of Chickaloon Creek.
The gravels near the mouth of Kings Creek have a maximum thick-
ness of about 300 feet, They are greatly waterworn, and the ice-
rafted bowlders so conspicuous in the vicinity of Knik Arm were not
observed. However, the fact that the bluff near this exposure in
Matanuska Valley is composed of shales shows that gravels were
deposited on a surface of irregular relief, or possibly in channels.
This is also shown by the fact that the walls of the Matanuska gorge
are in places composed of bed rock, and in other places of gravel.

In its npper course Matanuska River has cut a V-shaped gorge in
the deposits underlying the southwest corner of the Copper River
Plateau. The gravels here consist of angular blocks, seratehed and
striated, inclosed in a blue, clayey-sandy matrix. The river has cut
down 300 to 400 feet in this glacial till, but does not yet reveal bed
rock. Farther north, in the Copper River Plateau, stream bluffs on
a tributary of the Nelchina show coarse gravels of subangular to
well-rounded character, With this stream-worn material are asso-
ciated numerous glacially scored bowlders and occasional angular
blocks up to 10 feet in size. The gravel shows considerable variety
in its petmgmphlc charcter. including numerous fragments of gran-
ite, gabbro, gneiss, schist, slate, graywacke, and vein quartz. None
of these rocks are found in the drainage area of this stream, so that
the fragments appear to have come from the Alaska Range.

GEOLOGIC HISTORY.
PRE-QUATERNARY.

The oldest records of the geologic history of the region are pre-
served by the albite and garnetiferous mica schists, They appear to
represent a series of calcarcous argillites and plagioclase arkoses,
reerystallized under conditions of deep burial. Subsequent to their
metamorphism they have been uplifted, intruded by pyroxenite dikes,
and subjected to a second period of tlvmm-nr- nctmtv The dikes

a Spurr, J. B, op. cll p. 102,
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were thus sheared and the component minerals of the schists were
crushed. The highly crystalline character of the schists and their
isolated occurrence as a single narrow belt indicate the completeness
of the geologic revolution which the region has undergone since their
formation. On the basis of petrographic similarity these schists are
correlated with those of the Yukon-Tanana region and assigned to
a pre-Silurian age.

The time interval between the deposition of these oldest rocks and
that of the Susitna slate is not known, but appears to have been of
considerable duration, as is indicated by the far less advanced meta-
morphism of the latter. The Susitna comprises fissile slates, foliated
graywackes, and microcrystalline hornblende and biotite schists.
The possibility, however, that they may be contemporaneous in origin
with the rocks of the Sunrise “ series ” is not excluded.

In late Paleozoic or early Mesozoic time sedimentary conditions
prevailed over‘the region now occupied by the Chugach Mountains,
and an extensive series of shales, arkose, and ferromagnesian sand-
stones derived from the destruction of a quartz-diorite land mass were
Jaid down. Voleanic activity interrupted the normal sedimentary
sequence and caused the accumulation of greenstone tuffs, associated
with some massive basaltic greenstones. Rhyolitic lavas were also
poured out, and the accompanying fragmental material was mingled
with the sediments derived from the erosion of the granitie land area.
Subsequently these deposits were closely folded and metamorphosed
to graywackes, slates, and, locally, to phyllitic schists.

At the beginning of Middle Jurassic time marine conditions were
inaugurated. Eruptive activity was then widespread throughout the
region of the Talkeetna Mountains, and andesitic greenstone breccias
with intercalated amygdaloids were accumulated to a thickness of
1,000 feet. The relations of land and sea appear to have been unsta-
ble during this period, and a portion of the volcanics were doubtless
extruded upon uplifted land areas. The exceedingly coarse volcanic
conglomerates show the effectiveness of erosional agents, and the com-
position of the succeeding sandstones indicates their derivation from
an andesitic land area.

Toward the close of the Middle Jurassic, quartz diorites forming
the core of the Talkeetna Mountains were intruded and the Talkneeta
area was uplifted. A vigorous denudation ensued, the sedimentary
roof arching over the plutonic rocks was stripped off, and the gran-
olites were uncovered.

By the beginning of the Upper Jurassic the granitic land mass thus
laid bare furnished large amounts of material to the conglomerates
then accumulating. Some andesitic eruptions occurred at this time.
The relief of the land mass was soon subdued, and the succeeding
sediments became normal sandstones and shales, interstratified with
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occasional arkoses and crystal tuffs. Marine conditions persisted
uninterruptedly until the close of Lower Cretaceous time. The
final stages were marked by the deposition of a heavy limestone,
now largely removed by erosion.

The revolution at the close of the Lower Cretaceous, as in adjacent
regions, was of a gentle character. The strata involved were
uplifted with but slight deformation and without folding. After
this upheaval there came a long period of erosion and planation.
In the Matanuska region, however, diastrophic movements produced
a trough of fresh-water sedimentation in late Eocene time, and a
thick series of arkoses, shales, and sandstones, with numerous coal
beds were laid down. The arkoses, occurring probably at the base
of the formation, indicate strong relief in the adjacent land mass at
the beginning of Kenai time. During the progress of sedimentation
erosion of the Talkeetna area continued and furnished the material
for the Kenai deposits. At the close of the Eocene the strata were
uplifted and sharply folded. Peneplanation, however, was far ad-
vanced in the Talkeetna area, especially on the flanks of the region.
Broad rivers, whose beds were filled with well-rounded gravels,
flowed over its surface.

This period of quiescence was finally closed, shortly after the
folding of the Kenai, by a great outburst of volcanic activity.
Drainage conditions were destroyed, lavas flooded the stream chan-
nels, and the fluviatile accumulations were buried to a depth of
1,000 feet under a succession of basalt flows and tuffs. While this
extravasation of voleanic material occurred throughout the Talkeetna
area an extensive series of diabase dikes and sills were injected into
the Kenai strata of the Matanuska basin.

With the cessation of volcanic activity a new cycle of erosion
was begun, initiating the modern history of the region.

GLACIATION.

PRESENT GLACIATION.

A considerable number of glaciers still remain in the higher portions
of the Talkeetna Mountains (see Pl. I, pocket), but all appear to be
rapidly receding. Chickaloon Creek and many of its tributaries are
fed by glaciers at their sources. Of these Chickaloon Glacier, at the
head of the stream of that name, is the largest, having a length of 9
miles and a width of 2,000 feet at its terminal end. In general,
however, the ice streams do not descend far from the irregular névé
fields occupying the higher recesses of the range. Several such masses
lie on the Talkeetna side of the Chickaloon-Talkeetna divide and
discharge their waters into that stream.

13070—Bull. 327—07—3
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Evidence is plentiful that the glaciers are rapidly retreating.
Lateral morainic material perched 150 feet above the sides of Chicka-
loon Glacier indicates a recent dwindling in the size of that glacier.
Some of the small glaciers no longer join the trunk ice stream, but
have become independent glaciers, whose troughs are elevated above
the surface of the main glacier. (See Pl 1V, D, p. 42.) After the
recession of the fce a growth of moss encroaches on the canyon walls
which confine the glaciers. Where recent retreat has taken place a
considerable interval of bare wall intervenes between the present posi-
tion of the glacier and its former position, as indicated by the moss-
grown profiles on the rock walls.

In addition to the glaciers at the head of Chickaloon Creek, a
small glacier occurs at the head of Kings Creek and another at the
head of Little Susitna River. Of the glaciers on the south side of
Matanuska Valley, Mendenhall says:®

Along the middle course of the river several small lce streams are to be
seen at the beads of the canyons which furrow the southern valley wall, but
the largest glacler of the valley Is the Matanuska Glacler with a frontage of
3 wiles nloug the river, The course of this stream can be traced from the top
of Glacier Point for 25 or 30 miles to the southeast. Its source here Is probably
in the névé which follows the crest of the Chugach Range to the east, and gives
rige to the various glaciers which flow down to Prince Willlam Sound on the
the south and to the Tazlina and Klutina rivers on the north. While Its
east front Is burled under moraine which supports a considerable spruce forest,
the west front Is clear of débris to the edge. A well-marked medial moralne
divides the main stream Into two parts, representing branches which unite
near the source, Local conditions of precipitation controlling the rate of
flow of these tributaries seem to be slightly different, so that the western branch

- Is somewhat more active than the eastern one,

Within 10 miles of its source the Matanuska River receives the waters from
another glacier, smaller than that just described and more actively retreating.
Its front has now receded several miles from the river and the draining stream
flows through a gravel-filled valley with a very high gradient.

At the head of Knik River lies the Knik Glacier, whose width is
24 miles. It is not much smaller than the Matanuska Glacier.
Knik Glacier forks a few miles back from its terminal engd, one fork
extending eastward about 20 or 25 miles, probably to the same ice
field that is drained by the Matanuska Glacier, the other fork ex-
tending southwestward. The latter fork again divides. In its west-
ern prong is a large lake 5 miles long and 1} miles wide, whose
waters are apparently impounded by the extension of the lateral
moraine of the eastern prong across the mouth of the trough of the
western prong. Bergs were seen floating in the lake. According
to local report the breaking of this morainal dam was the cause of the
disastrous flood which swept down Knik River some years ago.

= Mendenhall, W. C., A reconpalssance from Resurrection Bay to Tanana River, Alaska,
In 1898 : Twentleth Ann. Rept. U. 8. Geol. Survey, 1808-09, pt. 7, p. 827,
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The front of Knik Glacier rests upon a gravel p'ain covered with
well-rounded stream wash. Irregular heaps and ridges of this gravel
12 feet high lje in front of the glacier for 400 feet. Pits and kettle
holes 6 to 8 feet deep are common. On the western side of the glacier
an accumulation of large angular blocks of graywacke and slate, con-
stituting the dump of the superglacial material, forms a narrow
peripheral moraine nearly a mile long. In profile as exposed on its
extreme western edge the glacier can be seen resting upon bed rock,
which here begins to rise rather steeply from under the gravel cover-
ing of Knik Valley. The recent history of the Knik Glacier, as inter-
preted from the above features, shows a recession from a temporary
advance over the gravel deposit of the valley.

PAST GLACIATION.

The existing glaciers are the shrunken remnants of a system of ice
streams which had a vastly greater extent in the recent past. At the
time of its maximum expansion this mighty system included the
enormous piedmont glacier ¢ of the Copper River basin, and the trunk
glaciers occupying Matanuska, Knik, and Susitna valleys, which
were probably confluent at the head of Cook Inlet.

During the occupancy of the lowlands by these great ice streams,
the Talkeetna Mountains were subjected to severe alpine glaciation,
to which the ruggedness of the present topography is largely due.
(See PL IV, ', p. 42.) In higher portions of the range the glacial
erosion has often proceeded to its most destructive lengths. ICnife-
edged divides are numerous throughout the region, and instances
of the obliteration of divides and the coalescence of opposing cirques
are frequent. All the existing glaciers occupy the heads of U-shaped
troughs. The finest example of such troughs is that along the upper
course of Talkeetna River, which is perfectly straight for 18 miles.

The former presence of a great glacier once filling Matanuska Val-
ley is indicated by abundant evidence. At the head of the valley
the morainal ridges of the Copper River basin curve round into
Matanuska Valley. An isolated hill about 500 feet high, projecting
above the lake-covered flat at the head of the valley, shows an abrupt
stoss side toward the Copper River basin, and a long, smooth lee slope
toward Matanuska Valley. Along the upper course of the valley
on the flank of Sheep Mountain glacial gravels of various exotic
types are found at an elevation 1,500 feet above the valley floor.
These facts indicate that the ice of the southwestern portion of the
Copper River basin drained into Matanuska Valley in a stream not
less than 1,500 feet thick. Passing farther westward we find that

* Mendenhall, W. C., Geology of the central Copper River region, Alaska; Prof, Paper
U. B. Geol. Burvey No. 41, 1905, p. 72
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the summit of the irruptive boss on the west side of Kings Creek
is smoothed and glacially scored ; and that between Eska and Granite
creeks on the flanks of the valley a heavy lateral moraine, consisting
of large angnlar bowlders of various granitic rocks, rests 2400 feet
above the river. Near tide water the buttes in the middle of the
gravel plain of Matanuska Valley are striated and strongly fluted on
their summit, 700 feet high.

This evidence is supplemented by that furnished by the physiog-
raphy. A marked feature of Matanuska Valley, as seen from Knik
Arm, is the appearance of triangular faceting cut on the left wall
of the valley. This feature is due to the truncation of the projecting
ridges between the streams tributary to the main valley, whereby the
spurs have been replaced by steeply sloping planes with triangular
outlines. This feature, it may be mentioned, has been developed in
almost geometric perfection in the region of Turnagain Arm on Kenai
Peninsula, but nowhere on the same large scale as in lower Matanuska
Valley.

The evidence is equally strong that Knik Valley was formerly occu-
pied by a large ice stream. Along its middle course glaciated sur-
faces are found 1,500 feet above the gravel floor of the valley. A
minimum estimate is thus fixed for the thickness of the glacier.,

On the Susitna side of the Talkeetna Mountains evidence of gla-
cial action even more pronounced than that on the eastern side is
visible on every hand. The mountains are bordered by a more or
less irregular bench several miles wide, approximating 2,500 feet
in elevation. Its surface is noticeably glaciated, rounded hillocks,
smoothed outcrops, glacial débris, and numerous undrained lakes
characterize its topography. Streams entering the Susitna pass at
the mountain borders through beautiful glacial U-shaped valleys,
their smaller tributaries entering these valleys through sharply in-
cised, vertical-walled canyons, an evidence of recent cutting. The
rise from this broad bench to the mountains eastward, when com-
pared with the gentle slope of the bench to the Susitna, is steep.

It is probable that an ice sheet that occupied the entire Susitna
Valley and was fed from the surrounding mountains once moved
southward to Cook Inlet. The tributaries from the Talkeetna Moun-
tains to Susitna River all present clear evidence of having been occu-
pied by ice streams. Glacial U-shaped valleys and erratics occupy-
ing positions no longer within the reach of ice movements are traces
of the mantle that covered much at least of the present drainage
system.

It is probable that after the recession of the huge ice mass occu-
pying Susitna Valley glacial action continued in the smaller streams
for a considerable period. This is indicated by the fact that the gla-
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cial U-shapes on the western slope of the Talkeetna Mountains are
considerably lower than the broad ice-sculptured bench 2,500 feet
high. .
PHYSIOGRAPHIC DEVELOPMENT.

The region under discussion falls naturally ‘into three physio-
graphic provinces: Matanuska Valley, Talkeetna Mountains, and
Copper River basin.

MATANTUSKA VALLEY.

According to Mendenhall, Matanuska Valley is probably due to
simple erosion somewhat modified by ice action.® In a subsequent
report he has suggested that the southern edge of the Copper River
basin is probably a fault or a sharp flexure? The westward pro-
longation of this fault would toincide with the southern wall of
Matanuska Valley. Martin ¢ remarks that the Matanuska Valley
suggests a “ graben ” or sunken area within parallel faults, but notes
that this appearance may be due to the more resistant character of
the rocks bounding the valley, The exact mode of origin of Mata-
nuska Valley can not yet be regarded as established. It is beyond
question true, however, that if of tectonic origin the valley has
subsequently been largely modified by stream erosion. In proof of
this is the fact that it possesses the form of a normal stream-wrought
valley, narrow in its upper course and broad in its lower. From a
width of 1 mile at the Copper River basin Matanuska Valley widens
to 20 miles near Cook Inlet. Knik Arm appears to represent a
slight drowning of lower Matanuska Valley, from which the region
is at present recovering.

There is some evidence available that recent movement has taken
place along the northern side of the valley. Along its upper course
Sheep Mountain presents a steep, rugged front facing the river.
At the base of the ridge the strata are shattered and an extensive
. disruption of the injected dikes has taken place. Extensive alluvial
breccia cones spread out into the valley for a mile or more from the
mouths of the ravines. The steep slope of these cones (6° to 10°)
and their symmetrical development make them noteworthy features
of the topography. The formation of such detrital cones is held
by workers in the Western States to be due to a sudden break in the
stream profile at the point of deposition, usually by recent faulting,
rather than to arid conditions, which was first invoked in their
explanation.

The present Matanuska River occupies a wide trench sunk into an
older, broader valley averaging 5 miles or more in width. The

*Op. clit, p. 239.

* Mendenhall, W. C., Geology of the central Copper River reglom, Alaska: Prof. Paper
T. 8. Geol. Burvey No. 41, 1905, p. BT.

* Op. cit, p. 17T.
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trenching of the old valley appears to have begun in preglacial time,
but was interrupted by the glacial advance. The ice occupancy
effected some erosion, notably on the south side of Knik Arm, but
left pronounced irregularities of relief in the floor of the valley,
such as Glacier Point and the bed-rock bosses at the mouth of the
Matanuska. On the recession of the ice a heavy mantle of gravel
was laid down. A succession of slight uplifts followed, as expressed
in the finely terraced character of the affluents of the Matanuska,
and the streams began to remove the gravels from their channels and
to deepen their trenches. The excavation of the gravels has been
incomplete along the Matanuska, where long stretches of stream
bluffs consist of gravel banks. These features suggest that either the
preglacial drainage had begun to swing in its course or that glacial
erosion has modified the valley floor, and that the irregular bed-rock
relief thus produced has been obliterated by the gravel deposits sub-
sequently laid down. The former supposition is regarded as the more
probable, and the great bend of the Matanuska appears to be an
incised meander inherited from the preglacial drainage. The present
overloaded condition of the Matanuska is due to the vigorous trench-
ing of the deep glacial gravels at its headwaters.

TALKEETNA MOUNTAINS,

The internal structure of the Talkeetna Mountains suggests that
they belong to a province geologically distinet from that of the
Chugach Mountains. The latter, as shown by Schrader, Spencer, and
others, represent a belt of intense crustal shortening. In the Tal-
keetna Mountains, however, the strata are comparatively undis-
turbed. The younger rocks especially have been but gently affected
by orogenic movements. The faulting is normal, implying a stretch-
ing of the earth’s crust.

The early Tertiary history of the Talkeetna area has already been
sketched. It was shown that, coeval with the deposition of the
Kenai, a peneplain of considerable perfection was developed over the
region of the Talkeetna Mountains. The older age limit of this
planation is fixed by the fact that the surface is in part cut across a
Lower Cretaceous limestone. The later limit is determined by the
fact that the fluviatile conglomerates, resting upon the peneplain,
appear to represent the similar conglomerates occurring at the top of
Kenai or in the Matanuska basin. According to this view the con-
glomerates at the top of the Kenai represent the period at the close
of lacustrine conditions, and the conglomerates in the Talkeetna area
are the fluviatile accumulations of the rivers which transported the
materials of the Kenai sediments. During the later stages of pene-
planation and the formation of the fluviatile conglomerates, the land
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mass doubtless stood at a lower level relative to the sea. Some time
after the flooding of the region with basaltic Javas, a domal uplift
of the area was inaugurated, probably accompanied by faulting along
the north side of Matanuska Valley. North of Talkeetna River the
old surface, buried beneath the basalts, can be seen dipping gently
northward. Eastward, from an altitude of about 5200 feet, it
appears to merge gradually into the flats of the Copper River basin
at 3,000 feet. This arching demanded a stretching of the earth’s
crust, and as a result the numerous small dislocations of the basement
upon which the voleanics rest were produced. The domal character
of the uplift is expressed in the general radial drainage, the main
streams flowing from the center of the region. The shortness of the
streams tributary to the Matanuska, in comparison with those flow-
ing to the Susitna, appears to indicate an obsequent origin for this
portion of the drainage.

Along the western flank of the Talkeetna Mountains a broad
bench several miles wide parallels Susitna River at an altitude of
about 2,500 feet. The surface of this bench has heen considerably
modified by glacial erosion, and a mammillated topography has been
impressed npon it but does not obscure its terrace character. Tribu-
taries of the Susitna have cut normal stream valleys across it, many
displaying marked evidence of a position at base-level in their
recent history by the intricate and beautiful systems of oxbows de-
veloped at an elevation of about 500 feet. Below these stretches
of oxbows the streams enter sharply incised canyons, whose small
amount of recession indicates the comparative recency of the latest
uplift of the region. It appears probable that the stage of the
oxbows represents a halt in the greater uplift which has given the
broad bench its present elevated position.

COPPER RIVER BASIN,

The Copper River basin has been discussed in some detail by
Mendenhall, who advanced the hypothesis, as one most consistent
with the facts, that it is of tectonic origin, representing a depressed
area between the Alaska Range on the north and the Chugach Range
on the south. The relation of the Talkeetna Mountains to the basin
was not discussed. Certain facts in the region under consideration
appear to favor Mendenhall's hypothesis.

On the western edge of the basin, near the head of Matanuska
River, the hills rise abruptly from the plateau. Their summits form
a gently rolling surface at an average altitude of 5,000 feet and
evidently constitute a remnant of the ancient peneplain upon which,

@ Prof. Paper U. 8. Geol. Burvey No. 41, 1805, p. B8,
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farther west, at an altitude of 5,200 feet, were found the river chan-
nels buried beneath lava. These features strongly suggest faulting
along the base of the hills, the old plain being broken off along this
line and its eastward extension buried beneath the glacial débris of
the Copper River basin. Farther northwest, however, the Talkeetna
Mountains gradually merge into the lowlands of the Copper River
basin—a fact indicating, perhaps, that faulting gives way in this
direction to warping of the crust.

MINERAL RESOURCES.
COAL.
AREAL DISTRIBUTION.

Coal outcrops have been examined on Tsadaka, Eska, Kings and
its tributaries, Chickaloon, Coal, Hicks, and Billy creeks, and the
north fork of Nelchina River; along the southern flank of Anthracite
Ridge; and in the banks of Matanuska River, about 3 miles above
the mouth of-Chickaloon Creek. In addition, coal float has been
found close to its source on Glacier Creek, and as far north as the
south fork of the Tyonek., Coal has also been reported from Little
Susitna River, Willow Creek, the Kashwitna, and the Chunilna,
and from a ereek on the south side of the Matanuska, 9 miles above
Coal Creek.

The field work of 1906 extended the known area of Tertiary coal-
bearing rocks approximately 18 miles up Chickaloon Creék, though
no outerops of coal were observed. The discovery of an area of
Mesozoic rocks in Matanuska Valley extends the field also in that
direction, as is indicated on the map, though all the coal that outcrops
north of Anthracite Ridge between Hicks and Boulder creeks is
lignitie.

So far as known the Tertiary coal-bearing rocks in the Mata-
nuska cover an area of about 380 square miles. The known coal-
bearing rocks of Mesozoic age in the upper Matanuska basin cover
approximately 500 square miles. The areal extent of the divisions is
shown on the map (PL. II, pocket), and the character of the beds has
been described on page 25. The mapping of the coal-bearing rocks
must in no sense be taken to mean that areas so mapped are underlain
by workable coal. So far as known the actual area underlain by coal
from Moose Creek to Hicks Creek, inclusive, approximates 70 square
miles. Localities where coal of commercial importance has been
observed will be described.

The area of coal-bearing rocks can be subdivided from an economic
standpoint into three fields:

(1) The Matanuska field, comprising the valley floor of Matanuska
River west of the mouth of Hicks Creek. This field is underlain by a
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series of Tertiary strata containing bituminous coals of various
grades.

(2) The Anthracite Ridge field, forming a
limited &rea along the southern flank of the
Talkeetna Mountains between Boulder and
Hicks creeks. The coal here is an anthracite,
the age of which has not yet been determined
with certainty.

(3) The northeastern field, comprising the
area drained by the headwaters of Matanuska
River and the adjacent areas in the Copper
and Susitna drainages. The coal, which is of
Jurassic age, is generally lignitic, but locally
is semianthracitic.

MATANUSKA FIELD.
EXTENT.

The area of Tertiary coal-bearing rocks
found in the Matanuska basin is approximately
380 square miles, of which 70 square miles are
actually underlain by coal, according to a most
conservative estimate.
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STRUCTURE.

The coal-bearing rocks have a strike in gen-
eral parallel to the easterly trend of Matanuska
Valley. The dips are variable, with a ten-
dency toward steep angles. Fast of Tsadaka
Creek, where the gorge of Matanuska River
exposes a voluminous succession of sandstones
and shales, the strata stand on edge. The fold-
ing is open, although locally, as in the anticline
on Chickaloon Creek, the deformation may be
quite sharp. The strata are affected by a large
number of faults of small throw. One exten-
sive fault involving a probable displacement
of several thousand feet is indicated, mainly on
physiographic evidence. The range of hills
rising within Matanuska Valley and extending
in an east-west direction from Kings to Tsadaka
Creek represents an upheaved fault block. Be-
tween Tsadaka and Eska creeks this range con-
sists of a great mass of conglomerate, 1,000 feet
thick, with a gentle dip slope toward Mata- '
nuska River and a steep scarp toward the north (see fig. 1). During the
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uplifting of this block, differential movement has taken place within
it, producing a series of nearly parallel faults, and the southern slope
of the range descends to the level of the valley by a succession of
steplike scarps. On the very brink of the northward-facing scarp
of the range the differential movement has produced small fault
troughs, within which lie small inclosed lakelets. (See Pl IV, 4.)
These features are shown with great clearness on the topographic
map. The recognition of this fault is of some economic importance,
in that it indicates the limit of the available coal.

DESCRIPTION OF THE COAL.

The bituminous coal field of lower Matanuska Valley may be
divided into two districts, the eastern and the western. Under the
first may be included the coals of Kings and Chickaloon creeks and
those on both sides of Matanuska River in the vicinity of Chickaloon
Creek ; under the second, the coals of Tsadaka and Eska creeks.

EASTERN DISTRIOT.

Martin @ reports in regard to the eastern district:

The coal in this area all possesses nbout the same physical characteristics,
and, as will be seen by the analyses, the variation ln chemical composition Is
not great and supports this grouping. It has the ordinary properties of most
bituminous coal. It is soft and fragile, but often without any well-defined
planes of fracture. It burns with a short flame and a small amount of smoke
and possesses distinet coking properties. The seams generally contain a large
amount of impurities, both in the form of thick partings of shale and as thin
bands of shale and bone. Many of these can be separated in mining. The
coal is soft and friable, and much of it will not stand severe handling without
crushing. DPyrite is present both as balls and as seales, but not abundant. The
friable character of the coal is not a great detriment when it is considered that
much of it will probably have to be crushed and washed (especially for coke
making), and that the coal when used for steam or heating will cake as soon
as put in the furnace, so that there will consequently be little or no loss through
the grates.

& Op. cit, p. 198,
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The following sections were obtained by Martin on the south side
of the Matanuska near the mouth of Chickaloon Creek :

Section of coal beds on south bank of Matanuska River. 3 miles above the mouth
of Chickalvon Creek.

Ft. in. Ft. In,

Orey shale...covimviiisis T L R SO e s 10
0 6
Bhille,cisinimmvsvverrsriveiisi i s s st e SUER Y Sme i yavs l] 77
BIEIN. i ccnrcrcpiciioy i g o SR IR s 7

Gray shale with ironstone bands . ... ... .coiiiiiaiiininnnn 42
IO i s T B B LG R R 6
Bhale......c.iciiciscssriassves T T T Ry I S D oa P o 1 G] 7
OBl o s v sanmsnmmiiee b s SEBERTE PRI SRR e 5

Grayshale. . ... 7
0L s s R T R TR TR S TR R R TR 8 [

BIMEI L i i 0.0 e i 4 6
e e O e P e ot e Y e S
BRI s s wnaeis o e R S S S TR 'l] 6 5
(2 A A I I .oy - o e e b

Bofl ey MBI ..o < cvoviirsn i amnar e e s B AR 20

Congcealed to river.

Btrike N. 36° E. (magnetic), dip 44° SE.

Section om north bank of Coal Creek; elevation, 1,010 feet.

Ft. In. Ft. in,

Bolbdark ohale. . ce:.arisininaidiciioil ardasancsesainstna 10

DO e s s R S S e ST R A 2 2

Parting.

OBl Y s s e e R N PR R R R L S S e TR S 1 b b

Bandstone . ... . 2-6

ORLY o T S s S e R R S S s 1
Boftshale...... ... cc...cc.. e 16+

Strike N. 64° E., dip 70° SE.

Section on north bank of Coal Creek, 500 feet upstream [rom section given above,
FL in, Fi. in.

Intrusive sheet and coke............. Siasi o R 12
RO - o i s U S R R S R S e 5 5
Intrusive sheet with coke. . ... .. ... it iiiiiieaanan. 14
BBl iR U S R R S e L e S R .10
L 6 3
BRI cos s vt sasss s sde i S e n e e s 2
61— T R S 6 8 7
BRIS . oo s s e T s R 11
CORL o v s mns s san e s s AR RS B R — 9
Soft shale floor.
Strike and dip as above.

A section on Coal Creek, one-half mile above the lower coal, shows
coal about 6 feet thick, with a strike N. 60° E. and a dlp of 55° NW,
® [nelnded 1n umplu Nos. 7 and 8 see analyses, p. 00,

* Included In samples Nos. § and 10 ; see analyses, pp. 60, 62,
¢ Included Ip samples Nos. 11 and 12 ; see analyses, p. 60.
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The following sections were measured on Chickaloon Creek:
Condensed section of coal-bearing rocks on Chickaloon Creek.

Ft. |In.
1. Shale with many thin ironore bands_.________________ __________. 180
2, Coal with some bone and shale (see below) __________________ 6 4
A Bhnle e —————————— iy 4
4. Conl with some shale (see below) . __ . _____ ... 4 10
5. Bhale and sandstone (horse) o e 10
G, Conl with some shale (see below)_______ . . 8 0
7. Abnle and pandebone - oo on i e esenaas BT
8. Coal, impure and somewhatcoked ______ ... O 6
9. Shale and sandstone_ .- __ e e 20
10, Diabase sill with local occurrence of natural coke on top.___ .. = 1
11. Conl and coke with impurities in an irregular distorted mass_..__. . 15
3 NI TB s G e S e T e e S e S e ] not over_. 100
18, BRALE. omcnmmsi i i s i e g 1
14. Chal with wobvp dlifle. oo s e 9 4
R BN e oo e o b i o o i . s i i 9
16, Coal with some shale.______ i B vt B B B 2 0
17. . 8hale snd sanddtone - oo e i
18. Conl with bone and shale__ . ________ ... 10 10
10, Bhple o v s e i S e A 41
20. Conl (varles from 1 f 8in. to3fL Tin) . . 2 8
21. Shale with some sandstone, iron ore, and voleanle beds, and o few
thin beds of conl and coke. - - - e 80 8

Section at bend of Chickaloon Creek, one-half mile above Watson's camp, show-
ing details of beds 2 to & in condensed section,

Ft, In, Fi. in.
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In addition to the sections measured by Martin on Chickaloon
Creek the following measurements were made in the tunnels opened
at Watson’s camp (fig. 2).

The sections are from the face outward ; the thicknesses are recalcu-
lated for dip. The change in direction of dip which is evident
between tunnel D and those farther east (C, 3, 2; B, and A) may
possibly be explained by the presence of an anticlinal axis that passes
westward from the anticlinal fold at tunnel No. 1, or possibly by
irregularities in beds representing the south side of such an anticline.

It has been difficult to correlate the several beds within these tun-
nels because of striking irregularities in their thickness. The bed 16

- feet 7 inches thick in tunnel A is undoubtedly the same as the bed
17 feet 3 inches thick in tunnel B,

N
SONORA SANTA ROSA
s
2 x*o "
4 - *4
i z’?"i > o 0_00‘"
B A N
< /
Wﬁ“‘"“‘h -
[ = = _ e———_____ _ __ ]

Flg. 2.—8ketch showing location of Chickaloon tunnels.

A drift from tunnel B has been run to tunnel 2, which correlates
the outermost seams of tunnel B with those at the face in tunnel 2.

The apparent lack of continuity in a number of the smaller seams
in these tunnels may be explained either by local pinching out or
by faults of small throw. The rocks in the near vicinity are closely
folded, and faulting, with the added difficulties of mining which it
incurs, should be expected.

Section in tunnel A, Chickaloon Creck.
Ft. in. Ft in.

& e e ety - 1 2
BOnB RN OORE ..o h v s aoh § R e S W 9] 6 7
151 (R = PO - et 14 8

Bhall: . v s e e e e e R e e e A 12
L 8
Bonasndabale. ... oaiciisi laiiisidiiisrseesesseenas 5} 1 9
CIUL v o v mss v e S i e 8 0 A 8

BRI i S e R S e A e e AR R e LA ek e 12
OB oo s s ons sr s SRR RS AR SRS ST e S 3

Shale and sandstone. ... ... cvivirrrreenncnacansonacannannns (i

Strike N. 70° W., dip 65°.
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Section in tunnel B, Chickaloon Creek,
Ft. in.
BIHATRL oo coviions i i et o G S R S e 7 8
L0 1 3
BN - e s i R S S R I S S S e
L 6
B RO oo b S S S L N e et 5 9
G08). 1o o e e R S S S R 1 9
BOme o e 1
CIOEL < <o an s s e S S R S S S LR 9 8
Streak of bone - .. ..o e
Boali s sl i R e S T R S S 4 .10
SAnABtONe .« .o e s 10 8
o B e S B e e L e S 7
BRAASEOTIB « v cmsvsn smam s s oo S B R i S i e 1 6
Bony ol oo e 2 5
BENAAONS oo copais i s R R T e e r 1
Coal, with streaks of bone .......... e T ST 4+
R O e e S I e R 13 1
COBL o wmnpammn imanis s e s S = R A R 2 4
Bandetone e ieeeeeeeaaeaeaaaaa- 9 5
Crasted-shalyeeal oo snesinmus s e 3
L7 1 3
B OB i S R R R e R 1
T T 6
Gl s e S s e S s e R T e B 10
575 1 3
Coal e s puris s s s S i e +
BREared BRATG. o cuisn oo o s e g e B 2
L 3
BODE oot sars i i Ty s e A A e S RS R R L e
Sandstone and shale. . ... .. L. 65

Strike N, 756° W., dip 76° 8.

Section in tunnel No. 2, Chickaloon Creek.

Ft.
L0 ) I
BN s s SR R e R S A S
Coal... ... . . 3
Bony eofll s s e e S S NS S T B TR
L0
Bony ooil-o, cogoaisiiiiniaivseasneaaieaiaiss SeEeE
BRI, o omeaamiagasae s S o R S RS 1
Coal and honemixed - o oo v siasoniiidiamin 1
CIRL s A S e TR 1
5 T 4 L
Eolli . s s s e S R R R S S RS R S e 1
Bhale. .o it eiaaiaceeeaacecaaenaaaaas 18
Coaliand Dome oo s oress i s L T s
COHE v iiis e e e e R R S S 3

Shale and sandstone.................. .-...._--..._.......'.... 30
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e
b 00 0 O hon T
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Section in tunnel No. 8, Chickaloon Creeck.

Ft. In, Ft. in,
OoY:-ucavimsccnsuansse e R A R e PR 2 2
BODE ....oceeiciircaecicaiarasannscasncaananansasssaanan b
T O P SR B AR SRR PR SR e e e 1 1 7 10
Bhale . i eiieiiaeeaaceaaaan 2
OBL o ciu st SR R S T T 2 2
T R S R 10
Ooil i mrsria i iiaiialss SantisaasiaieraTr e Taa e 1 10
BOny O0RE oocoonssmimrin s i T e SRR ST S 2 b 6 2
L1 1 11
Sandstone aud ghale .. aninn it spassis s ses egaaa 45
I0RY G son e e i s i s 5 AR P M SR S S 2
L A L M R o S e 4 O 2
DS v s wmmsinmmm e o s s e s R 6 W W R A 1 4 1
BRAAE. ... o o vmi bbb Smdfin st s e S i i PG E S bmmmime 1
B0R] i cunionsm s N R N S e e R R R R S e 10
Sandstoneand shale...... ... .. iiiiiiiiii... e. 20
Nection in tunnel C, Chiekaloon Creck,
MR i oo o i o i e 2
Bhaleand oosl . iis iisivisissiassvinissmninmesin. deaiisn 2 } *
Bandstone and shale. . .. ....cocvinnenniicnnerarecs connenenenns 41
Nection in tunncl D, Chickaloom Creek.
Ft. in.

Orushed 008l —oo o s ittt i s e e mecm—aa . § B
Bandstone dnd MhAlE . o s S s . T
Crushed coal - ______________ S e S A R T 20
Sindstope And 8hRle.. .. o o e c e T e e | 3
Dip 46° N.

Section in tunnel E, Chickaloon Creel.

COR] s s v MR R R S N R R R S S e 1 &
Bome . e 6
IO s oo s e B R T A R e R 1 10
RO oo oo o i i o R R S R S A A 11 10 11
Ol s s mannnsnsl s amesmm: weee 27T
Crushed shaleand coal ... ... . . . . ... .. ...... 2 10
L 10
Sandstoneand shale. ... ... .. ... . .. ... ......... 18

On Kings Creek, 74 miles above its junction with the Matanuska,
coal seams are cut by the creek. They were measured on both sides
by Martin and the writers.
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Section in tunnel on east bank of Kings Oreek, 100 yards above upper bridge.
Ft. in. Ft. in,

Denne, TIPnTe COKE. . oo vvnsimmusssamnmas s Sl e i 5
3 vy g ol e e P e s e e A o 1
O0BY :0m s e e S R S R e I |
Bhale. . e 1
T R T R e 8
BoOme - e aiaeaaaaa 1 6 3
OB i s S R e R RN 1 2
BONY COBL. 5 000 w0 6.3 5w i s & e 0 S R R 9
on ] s R SR S e SR N AN R R 2
Hard shale.
Section in open cut, 10 feet south of last opening.
I't, in,
Coal (no cover)_____ . o e .. B
Bhale .o oo e L e R R A S e S Ea e = 2
Conl e R 1 2
Boft Impureeonl cooon o no o g e T o 2
OISR el 1 8
R i i R R R e e e e S e B s e S 3
O] o e 3
Shale and coalo_ e 7
Gl wovcsmens s e e e i e s o SREECL Y
Hard shale floor.
9 11

Fi. in. Ft. In,

BOTIA MR D] . - 5 oo oo w53 s s i e 7
Clean ool cossosnrnuprreaamaran o s, 1 7} 2 2
BIRRN o i m i 4 8
Oonoea.led short distance.
Crushed coal with lensesof bone ....... ... . ...... 5 7
Bhale. . .o iieaeaieimemecmenaaaann 1 7
Sandy abiale iocupurnnanisisa e se e TR e TR L G 4
L6 2 10
PO =i e e e R e S e s e 4
IR s i e i S S R S e 2 10
Ooaliand Boneis_2iis 5.5 e 28 e e e e e S e TSNS 8 10
DT o ws s s b e R R TR AR R, e e 11
BOME - e e ieaaeiaaaaaaan 3
Goilies mvcamunusmaismiss me e eI PR, 2 &

Strike N. 42" W (magnetic), dip 42° NE.

Except the upper 2 feet 2 inches of coal, the section corresponds to
that of Martin,

A short distance upstream from the exposure on the east side the
sandstone beds are considerably disturbed. Folding or faultmg, or
possibly both, have occurred,
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The writers were not able to visit the coal on Young Creek. Mar-
tin says:

The coal on Young Creek is of intermediate character between that on Kings
and Chickaloon ereeks and south of the Matanuska and that in the west end of
the field on Eska and Tsadaka creeks. It is reported that one or more seams of
workable thickness have been found, but the following Is all that was seen by
the writer:

Section on west bank of Young Creek; elevation, 1,585 feet.

Ft. in. Ft in
Shale e 10
BEWIREIIG i i cas cmil s s i S o i e i A S 2
Shale __ . e 4
1 R I TP B e DR R S e Yo Sy 1
BRI - e o e g i B e L, S i AN 4
LT | 1
BRARe o e i G e e T e e e 15

RO s e b g e g 6 6
Shale with sandstone bands_ . _____ __. S SR o SO DT 15
B NI ONME - o o i e e S 1
Shale e e e g B i A 10

Strike N. 156 K. (magnetic), m|1 20" NW,

WEBSTERN DISTRICT.

The coal of what has been termed the western district—that
oceurring on Tsadaka and Eska creecks—is a bituminous coal of low
graide. Tts physical properties are much the same as those of the
coals farther east. . Most of it is bright and hard, though dull, shaly
bands are numerous. On Eska Creek the following sectlons were
measured :

Section on west bank of Eska Creek; clevation, 875 feel.

¥t. In. FL in
Bhale and sandstone ........ S A R A 10
Coalb.....ccovvvmcunnn. e N R oo o e e R oo e L8
BRI e ivsvs s pere s s i A S A S A AR 1
Coal Ui PO L4
L P T 1 S Oy Ay, 1
CORL, BOTIY . - <. oo oo e e e 1 3 7 8}
1 e LT 4
Oy DO 5 x o e e i o e B i A S 11
P e e e e P L 1
Coal with some shale 8nd BOBE........% . -ovoor oo oooorn. 2 g
Bhale............... ArhesarALsesE et —at et ases s an L avaan 6
Oohly Shals .o s e e SR SR S 2
Strike N. 30° E. (magnetic), dip 44° N“’

= Incloded in umple No. I; i see lmlys}o. p. GO
* lncluded lo sample No. 18 ; see analyses, pp. 60, 82,

13070—Bull. 327—07—4
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Section on west bank of Hska Creek, about 300 feet further up.

Shale roof. Ft. In,

Soft black shale.

Dip NW. 7

Section on Eska Creek, about 600 feet above lower scction,

Shale and sandstone. ; Ft.in,

Ft. in. Ft.

BRRTRORIOTIR <o 15

Coneretionary shale __ ...

BIRok BhAI8 < oo R R R A R

Coaly shale .\ ou e i ice i
G Y T e e e T P 1O
Coml o s
Sibale with o 00RL . o s RS eGE
8/ O, B A —— 2

8hﬂll‘....4...—--.-;.:a;--.c....+-.---;-.¢o..;a-‘...¢-.a--ua 1 11
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BERDE o e o m a  S 12
BRALE. e e R S A e i 2 4

Bhale .o e e S ST R R N R S e 10
Strike N. 40° W. (magnetle), dip 40° 8W.

A fault cuts the bluff in which this section was measured. The
coal was measured above it. Below it the strike is northeast and dip

southeast.

p—

o e O W e e S

® Included in sample No. 19 ; sce analyses, pp. 60, 62,
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On Tsadaka Creek a section near the upper end of the gorge at an
‘elevation of 700 feet showed the following:

Section of coal near upper end of Tsadaka Creeck gorge,; elevation, 700 feet,

Ft. in. Ft. in,

Fissile black shale... .. .. oo irni i riicaacaae e 1
Cirbonarsout Bl . oo sl T S e T e R e e 6
IO o = e i o e i 5 B 2

61 R e e e e R e P S i 2

BROABEING . . o ovaiine s nne s e R A S 1

Brighteonl oo rectiat it b iabaan 2 4

BRRIR: oo v s e S A T SRR 6

Bright 081 -« oo e 2 § 1

TR PORY 5 s s s R R P e P e TS e 1 2

BRI, oo vnv s s aadens i a s s S e e +

Dallenal <o an s rnaiarnniaina s 1 8
BN < 2 o i i s i a e R R 1
Massive sandstone. ... ... .ot ieiiieeicaaiaaan 6

Strike N. 20° W. (magnetic), dip 24° NE.

About 100 yards below the upper cabin the following section was
exposed :
Section 100 yards below upper cabin, Tsadaka Creek.

Oonld caeiisiasumiammarmnniareitrasigss 4

DR o A A S A R L 2

OB e e e mm b i o  m i B R doml b 8 6 5 e i mmmn 1

IIIE. o s n s v e A R B R SR R S 1; 11 2
L 1 6
PRIENGE =g i R T e S AT R A AR

BIORY onmisis s i i A A N R S R S B i 4 B

Shale floor.

The seam strikes N, 80° E. and dips 45° N. A strike fault dip-
ping 80° S. can be seen crossing the bed, with a throw of about 5 feet.
An eighth of a mile downstream from this exposure a sharp syncline
crosses the creek, with axis striking about 8. 70° E. and pitching
steeply to the west.

A short distance farther downstream coal beds are exposed, strik-
ing N. 70° E. and dipping 60° N. At this locality the following
section was measured :

Section one-eighth of a mile below upper cabing, Tsadaka Creel.

8hale and sandstone roof: Ft. in, Pt in.

Ditty ool . s cucsiqicaismanaisini TR S SR TS 7 7
T L 3 3
Bandstons nodnles. ..o sinivasaciciaioisiiiiestiinsiessaamees 1 1

£ P TECT 0T e 1 8

5 1 1 7
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Boneand shale. . ... ..ot 3 3
Ooal oo s s SR i a i m o 85 e S mm B ol et 1 3 =
BN - oo s s s S e SRS S S SRR e 1 1 9
L6 H
Bhale e v mcsmesmpuessmiidsus S s tesia s S 1 1
Bhigle anirl BAARRONE - v i e S s s e b e e 3 6 3 6
[ | R et S S B~ - S 8 8
BRI oo o i s o e R D R R A T R S R T 1 1
Shale and sandstone. .. .. .. i iieiaaa 3 4 3 4
CIORY s s tn s e e e S T S S S ST S 8 8
Shaleand bone. .. .. e aeim—aaaaaan 1 6
Bhalevinsaiiti misisrniaiaissisiviiivinsies s T 25
] 3 6 3 6
Slide:
O vcsvsooii s S S e R R e N R R R R R 8 8

Up Tsadaka Creek and along the ridge on its southern side sand-
stones may be observed dipping southeast, which is a direction
opposite to that of the beds just deseribed. Still farther east con-
glomerate beds dip to.the southwest. These conglomerate beds seem
to owe their elevated position to a series of block faults passing in a
general northeast and southwest direction, and the Tsadaka Creek
coal is probably cut off to the east. It seems probable that Eska
Creek coal is separated by these faults from that of Tsadaka Creek.

It will be noted that faulting or folding is present at nearly all the
localities above described. Such conditions will make the cost of
mining higher than it would be if the beds were less disturbed.

ANTHRACITE RIDGE FIELD.
GEOLOGY.

The most promising exposures of anthracite examined during the
season were seen along the southern flank of Anthracite Ridge, be-
tween Boulder and Hicks creeks. The geology of this locality is
somewhat complex. The western extremity of the ridge is formed
by a large mass of augite dacite and brown porphyry. This latter
appears to be intrusive into a series of interstratified sandstones and
shales striking N, 85° E. (magnetic) and dipping vertically. Asso-
ciated with them is a large accumulation of andesitic amygdaloids
and pyroclastics, of somewhat chloritized aspect. At the base of the
ridge along the trail, however, cross-bedded gritty sandstones, ap-
parently belonging to the Kenai formation, are exposed, striking N.
75° E. and dipping 15° S. Some sills of coarse ophitic diabase,
50 feet and more in thickness, are intercalated between them. These
observations indicate that the western extremity of the ridge is
marked by a line of fanlting along its base. And as marine fossils
of Mesozoic age have been found on Anthracite Ridge, it has been
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assumed by Martin that an eastward extension of this fault deter-
mines the boundary between the Kenai and the Mesozoic rocks.
Martin obtained a few fragmentary fossils, partly from the summit
and partly from an elevation of 3,450 feet on the southern flank of
the ridge. These indicated a horizon as low as the Middle Jurassic
or as high as Upper Cretaceous. From the northern flank the writer
obtained a single form, concerning which Stanton reports: “/nocera-
mus cf. lucifer Eichwald. This species occurs in the lowest part of
the Enochkin formation (Middle Jurassic) at Snug Harbor.” It is
thus plain from the faunal and lithologic evidence that lower Mid-
dle Jurassic rocks are present on Anthracite Ridge, especially in the
western end as approached from the Boulder Creek side.

Farther east, along the numerous small creeks which rise on
Anthracite Ridge, it is found that the dip of the strata, which is
nearly horizontal in the floor of the valley, gradually steepens as the -
flank of the ridge is approached. The beds become folded into anti-
clines and synclines, which are more closely crowded together toward
the summit of the ridge. Locally the limbs of the anticlines have
been doubled together. Thick sills of coarsely erystalline diabase are
prevalent, especially along the middle portion of the ridge, and heavy
dikes, attaining a maximum thickness of 500 feet, cut across the
strata. Their energetic contact action in baking the adjoining shales
has already been referred to. Moreover, their presence seems to be
favorable to the anthracitic character of the coal. On a creek a.few
miles east of Purinton Creek, at an altitude of 3,100 feet, the stream
banks show a 50-foot sill of diabase, about 10 feet stratigraphically
above n coal bed. The sandstone between the coal and the diabase,
though elsewhere yellow, is black with material coating the cement
between the quartz grains and in some places even invading the grains
themselves. This suggests an impregnation of the sandstone during
the distillation of the coal by the heat of the intrusive. The coal of
this exposure is a fine lustrous anthracite. ITigher up the same creek,
near the summit of the ridge, a number of coal beds of bituminous
character are exposed.® No diabase intrusives are present in the im-
mediate vicinity, but folding of a closely appressed character has
affected the strata.

In the roof of an anthracite bed exposed in a ereek somewhat west
of Purinton Creek a few fragments of netted-veined leaves were
found. Knowlton reports on these as follows: “ ¢ A. K. 244, Mata-
nuska Valley. Juglans nigella? Heer, no margin preserved. Tt
looks like a Kenai dicotyledon, and not like any Cretaceous species
known to me.”

@ See analysis No. 22, p. 02,
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The evidence from these plant remains shows, then, that at least
this portion of the anthracite is probably of Kenai age, and that it
does not occur in rocks of Middle Jurassic age, which are known from
their marine fauna to be present in close vicinity and possibly to be
infolded to some extent with the Kenai rocks, or irregularly faulted
against them.

From a consideration of the structural and floral evidence it
appears to the writer that the coal of this field is chiefly of Kenai
age, and that its anthracitic character is due to the large amount of
heat furnished by the unusually abundant diabase intrusions. The
Anthracite Ridge field represents, according to this view, a portion
of the Tertiary coal-bearing area which has been more highly affected
by the heat of eruptive rocks. The amount of anthracite appears
to be limited, and will not warrant an extensive outlay of capital
for its exploitation. In addition, the complex folding of the strata
and the presence of massive diabase injections will seriously increase
the difficulties of mining.

DESCRIPTION OF THE COAL.

Martin has deseribed the coal as follows:

This conl has the ordinary physical characteristics of most good coal of this
kind. It Is heavy, firm, hard, and not much fractured for surface coal, and has
a high luster., Pyrite was noticed. The seams are not much broken hy small
partings of shale and bone.

Two sections were measured by Martin: One at an elevation of
3,410 feet on the south bank of Purinton Creek showed 38 feet of
clean, solid coal, both roof and floor being concealed (see analysis
No. 1, pp. 60, 62, which represents the entire thickness as measured).
Martin says: .

At this point the strike Is N. 40° E. (magnetic) and the dip is 10° NW., or
into the mountain. The rocks In the vicinity are chiefly graywacke and sand-
stone and show considerable variation of strike and dip. A short distance
downstream I8 a good-slzed mass of diabase occupying the axis of an anticline,
which |8 in other places restricted by a fault. The anthracite is probably re-
stricted to a zone along the face and In the mountains which is cut off from
the valley platean by a fault following the hase of the mountains. Black streaks
that are probably coal could be seen high up on the face of the mountain and
could be followed by the eye for severnl miles, * * *

About a mile northeast of the locality above described, at an eleva-
tion of 3,460 feet, a coal section gave the following measurements:
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Section of coal on slope of Talkeetna Mountains.

Flaggy sandstone. Ft. Tt
Coal:and ghale = cooe e pnuss o srrnimRr e e s s 8} 10
Coal [ T

Bhale o an s e e s o e cos s 4
e 1 e S Sy T L e RS S S SR 1 1

Shale - oo 3
L N e T RS R L |

Shale - e 2
OOl Sodiniimannaa iyt e oo A e L T T

Strike N. 60° E. (magnetic), dip 55° SE. 29

Of the extent of this field Martin says:

The area of anthracite was not estimated by the writer, and the amount
available for economie mining and shipment may possibly not be sufficient to
justify the necessary expenditures,

In addition to the sections of coal measured by G. C. Martin on
Anthracite Ridge, the following sections were obtained somewhat
farther east:

Section of eoal on Anthracite Ridge, altitude 3,100 feet.

Ft. in,

Dilabase - D=

Bandatone aud abale - oo o ool oo 10+

Coal and shale_______ G
T e R B P s B S g St NI b o 2
Shale.. . .. e e e it ke e SN 1
Coal . _ __ __ __ __ e (R 10

Shale__ __ B B e e e e e e s e i i S,

Sandstove ___ __ N U ;

Strike N, T0° W. (magnetic), dip 40° 8.
Rection of coal on Anthracite Ridge, altitude 3,600 feet.

Sandstone. Ft. im.
oL i i s B B
Coal and shale_______ . e 4
OoRYi s s et s e s s e e 6
Coal and ferruginous ¢lay . o e e ———— 2
Conle e maEse—————— 10

BRI o T S A S B R i 6
Coal . o 4

BRI c o e e i e e L R R R e e S 12
[ | S S S S SN TR - |

Bhale s e e e TR e e SR e e B

HarABEONE. i i e B e e K ko R A S 1

Bhale . e 1 6

Clay ironstone nodules________ ]

T P R I R 1 6

# See apalyslis No, 22 in table of ultimate analyses, p. 62
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. Ft. In,
IRy IO TR O . o e i e s 6
Highly carbonaceous shale_____ e B 8 B i 1]
O e e T R RS T
Shale . e S e B
BandmOne - i e e gy
B e i e e A o SN .
N e e e e i S o v e T e ey ey 10
N e e i i S e B e S R e RS ES 4
Conl e e ——— e 2 2
T e R S o L S S ) Gt SR Sl -+
IO s i it i s 5500 S i e e s S e e R 10
Bhale . e ranacacncsrssscrvnes s a e meme S e——— & B
008l BN BHAI . c o v e s i sam s s s s e S G

Shale foot wall
Strike N. 80° H. (magnetie), dip 34° 8,

A syncline of coal 8 feet thick, eut off by a heavy diabase dike, is
exposed in a small creek west of Purinton Creek (as shown in fig. 3).

Fia. 3.—Cross sectlon showing relation of anthracite to Intrusive dlabase near Purinton

NORTHEASTERN FIELD.

The coal-bearing rocks of this field include an area of about 500
square miles. Coal is found at varions localities, but never in thick
beds, the best discovered having a thickness of 3 feet. The rocks
are of Jurassic age and from fossil evidence are divided into a' Mid-
dle and an Upper Jurassic series. The character of the coal appears
in a general way to be in accordance with this separation, i. e., the
older rocks carry bituminous coal, and the younger, coal of a lignitic
character.

The Middle Jurassic rocks generally are severely shattered and
crushed, or sheared and slickensided, and as a rule present a decid-
edly unfavorable appearance for the presence of workable seams of
coal. Locally the strata are closely folded, as on Billy Creek (sece
fig. 4), where the coal has developed a strong cleavage and has as-
sumed a semianthracitic character. That the high-grade coal is re-
stricted to such belts of sharp deformation is rendered probable by
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the fact that the rocks in the less disturbed areas are found to contain
only fragments of carbonized wood and small stringers of lignite.

The Upper Jurassic strata lie in comparatively undisturbed atti-
tudes, with prevailing low dips. Minor dislocations of the beds are
of widespread occurrence. More extensive faulting is occasionally
met with, as on Billy Creek, where faults of several hundred feet
throw are revealed with. diagrammatic clearness. Coal was seen at
only two localities, on the head of Billy Creek and on the south fork
of the Tyonek. At these localities the outerops were obscured by mud
and slide material, but the amount of coal represented was probably
small. The coal found is a black lignite which checks on drying.
Mendenhall reports thin beds of coal interstratified with the shales
and sandstones along the south fork of the Nelchina.

ADJACENT COAL FIELDS.

Coal fragments are reported from Willow Creek. From Kash-
witna River, at two points half a mile apart, and from Canoe Creek,

Fi6. 4.—8ection .on Billy Creek. 1, Sandstone nnd shale ; 2, conglomerate ; 3, greenstone
. amygdaloids ; 4, basalt dlkes,

T miles north, a bed of lignite T or 8 feet thick is reported. This bed
lies nearly horizontal and slopes very gently to the west. This
appears to be an extension of the field of which Martin has eompiled
the following information: @

There appears to be a considerable area of coal or lignite in the Susitnn
Valley, in the vicinity of the mouth of the Talkeetna. Some of the exposures
were seen by Eldridge,b who describes them as follows:

“The third coal field along the main river, 4 to 10 miles above the Chulitna,
appears in outcrops for a distance of 6 or T miles and Is perhaps the exposed
portion of an extensive area. The strata form bluffs 100 to 300 feet high, and
conslst of clays and sandstones—the former predominating—with coul seams
from 6 Inches to 6 feet thick. There are perhaps ten or fifteen coal beds ex-
posed in the entire length of the outerop. Their general dip is 5° to 10° SSH.,
with undulations. The thickness of the series exposed is perhaps 500 feet.”

e Op. elt., p. 26,
b Eldridge, G. H., A reconnalssapce in the Susitna basin and adjacent territory in
1898 : Twentleth Ann. Rept. U. B. Geol. Survey, pt. T, 1000, p. 22,
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Other exposures in the same general district were described by Lieutenant
Learned, who sajd:o

“As the party under my charge proceeded up the Susitna River, speclmens of
coal were found on the sand bars from time to time, but more plentifully as the
forks were approached. On the way down the river an outcropping of coal was
seen on the east fork of the Susitna River, about 2 miles south of the fork. The
vein counld not be measured, but as near as could be determined it was about 6
feet thick and of a poor quality.

“ Upon entering the Talkeetna River coal was seeu on the bars and banks, and
the same coal was found in the Chunilna River, It was the main fuel used
at the camp on the Chunilna River for about two months. The coal found
there was a brown lignite of about the same grade as the best found in the
vicinity of Tyonek. 'The vein was located first by Sergeant Yanert, and s noted
on his map. It is about 6 miles above the mouth of the Chunilna, at the base
of a cut gravel bank about 100 feet high. When seen by Sergent Yanert
the water was clear and the vein could be traced across the river to the east
bank. When I visited the vein the river was flooded and therefore very
muddy. As near as could be determined by me the vein was 6 feet out of and
Tully as mueh more under the water, making It 12 feet thick, but Private
Gamble, who had eeen it in clear water, said it was at least 15 feet thick and
perhaps much more, as it extended across the river, forming its bed, and there
was no way of determining the thickness of that part forming the bed of the
river. The vein is only slightly tilted, and comparatively easy to work if ocea-
slon should ever render it valmable. * * * All of the coal found, when
consumed, gave a fair amount of heat, but left a large amount of ashes, * * *
Sergeant Yanert reported thai he found another large coal vein on the Chulitna
River of about the same grade as the Tyonek coal. It is dombtful If the coal
found will ever have any commercial value, except such value as it possesses
for fuel in the vicinity, and even that will be small, because of the timber
found in the same localities. Enough was ascertained to show that there is
plenty of conl of an inferior grade along the Susitna River.”

The Cook Inlet coal fields have already been described by various authors.
All existing information was summarized in 1902 by Brooks,? who gave com-
plete references to the earlier publications.

There seems little doubt that lignitic coal-bearing strata border
the western base of the Talkeetna Mountains from Cook Inlet at
least as far as Chunilna River, as is indicated by the successive float
and outcrops reported from Wl]]ow Creek, Canoe Creek, Kashwitna
River, and Chunilna River. It seems probable that these exposures
are of sediments of Eocene age and of the same series of beds that
were seen at other localities by Eldridge.

e Learned, Tient, H. G., Reports of explorations in the Territory of Alaska, War Dept..
Adjutant-General's Office, No. 25, 18989, pp. 162-163,

» Brooks, A. H., The coal resources of Alaska: Twenty-second Ann. Rept. U. s,. Geol
Survey, pt. 3, 1902, pp. 543-546,

€ Op. cit.
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ANALYSES AND TESTS.
CHEMICAL AND CALORIMETRIC TESTS.

The samples collected by Martin were (with the exception of No.
3) all taken in a uniform manner. They were obtained by making
a cut across a fresh face of the coal from roof to floor, cutting
down only the coal which would probably be loaded and leaving out
such impurities as could be separated in the ordinary practices of
actual mining. They are thus supposed to represent the quality of
the coal which would be mined from these seams. The parts of each
seam which went into the sample are indicated in the local sections.
No. 8 was taken from only the best parts of the seam and impurities
were rejected which could be separated in practice only by very
careful treatment, such as in “screened and hand-picked ” coal, or
possibly by some mechanical process, or by washing. The object of
this section was to show, by a comparison of analyses Nos. 2 and 3,
what conld probably be gained in practice by such careful separation
of impurities.

The samples that Martin collected were all analyzed by F. M.
Stanton at the United States Geological Survey coal-testing plant
at St. Louis, Mo. The methods of analysis are described in the
reports of this plant.s

The other analyses were gathered from a variety of sources. Nos.
4, 8, 10, 12, and 14 are based on duplicates of samples taken by
Martin. The others are of varied character, some being fair repre-
sentations of the seams and some random selections of the best coal.

The anthracite coal is represented by a single analysis (No. 1),
which shows it (so far as this one outcrop is concerned) to compare
favorably with some of the Pennsylvania anthracite.

Comparison of Malanuska and Pennsylvania anthracite.

Flwr

v !aﬂ‘l ‘Pixed .
Coal. |Ho§mire‘ m"m"‘ . | asn. lsniphur. e
Matanuska. . .........cccovemmemmmmnsssassssns] .55 'i'.N 8-&3‘-!} G.OGI 0.57 11.91
Pennsylvania (average nl!]!.........‘...“.[ 3.3 3.51 a&wi 8.42 | 50 2.8

® Ashburner, C. A, Anon. Hept. Geol. Survey Pennsylvanla, 1883, p. 313.

A sample from Anthracite Ridge taken by the writers during the
season of 1906 is here of special interest. (See No. 22 in table of
ultimate analyses.) It will be seen that the coal has a fuel ratio of
only 1.90, which places it in the bituminous class. The difference in

@ Preliminary report on the operatlons of the conl-testing plant of the Unlited States
Geological SBurvey at the Loulslana PPurchase Exposition, 8t. Louls, Mo,, 1004 : Bull
U, 8. Geol. Survey No. 261, 19005, pp, #0-31, Report on the operatlonk of the coal-
testing plant of the Unlted States Geological Survey at the Louisiana Purchase Exposi-
tlon, St. Louis, Mo., 1004 : Prof. Paper U. B. Geol, Survey No. 48, 1808, pp. 174-102.
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the quality of the coal is regarded as dependent on the presence of
neighboring igneous rocks.

Analyses e of Matanuska River coals.

g Proximate analysis, Ultimate analysis. %"mc [
. | 8d | '
] T . )
R g*ﬁ g& 'aﬂ'l'ii F e | 818z 8 24
B2 eE( || g | 18| 2| E|lS £
5 E e |g°3 3|2 || &8 |88 |K
1|88.0| (b) | 2.60| 5.25|86.156| 59 | 0.57| 8.07 (84.30 | 1.13 | 4.94 ( 7,586 (13,655
21128 ]1.60 | 2.55 | 16,66 | 69.72 | 1L.07 LO7 | 4.19 | T6.58 | 1,87 | 6.22 | 7,545 (138,681
3| 52 {&&' L90 | 19.08 | 76.19 | 4.79 L60 | 4.71 | 83.90 | 1.48 | 4.52 | B, 206 (14, 769
9| 50| . 1,97 | 18.58 | 76.19 | 4.26 W00 | 4.80 | B2.77 | 1.79 | 5,88 | 8,146 |14, 668
1| 9.9 |1.80 ] 2.68 20,69 ) 6472 11.91 .60 | 4.68 | 74,38 W87 | 7.07 | 7,422 )13, 860
1B 2.8 by | 474 | 34,70 | 5406 | 6,41 42| 5.64 | TLO6 | 1,80 | 14.97 | 6,085 |12,578
191 8.8 b 5.00 | 33.90 | 50.65 | 10.45 AL 477 | 63,608 | 1,58 | 19,40 | 6,338 111,408
20| 6.0 B) | 4.75  82.64 | 50.63 | 11.98 38| 4.76 | 64.09 | 1.09 | 17.70 | 6,428 |11,570
21 | 1.7 | 4.60 | 9.49 | 33.63 | 5171 | 5.17 .25 | 5.62 (65.85 | 1,20 | 22,01 | 6,445 11,601
2 L9 | (b) | 2.18 | 80.60 | 50.06 | 9.18 70| 4.83 | 71.43 | 1.50 | 12.88 | 7,808 |13,1456

® These analyses were made by F. M. Stanton on the same samples as those with corre-
gponding numgers on pp. B0, GI. The differences in proximate anulyses are due to the
e e e i i ol o i 4

, 1006, pp. 26-30).

¥ Not determined.

The coals represented by analyses 2 to 17 are near the border line
between semibituminous steam coals (as the name is generally used in
the trade, but not according to Frazer’s definition ¢) and bituminous
coking coals. They are rather high in ash, but are otherwise of good
quality. Analyses 5 and 6 bring the average ash abnormally high,
but even aside from these most of the seams are so impure that
mechanical separators or washing should be used to remove part of the
impurities. The purer of these coals correspond very closely to the
Crows Nest Pass (British Columbia) coal,? which is the standard
coking coal of western North America, and approximately to some
of the coking coal of the East.

The bituminous coal of lower grade on Eska and Tsadaka creeks,
which the analyses show to be intermediate between first-class bitu-
minous coal and the lignite coals, should probably be called bitumi-
nous rather than lignite, its usual designation in the region. It is
of about the same composition as the Franklyn, Black Diamond, and
Renton (Washington) coal. It probably will not make good coke,
but should serve well under stationary boilers, and possibly as a
locomotive fuel and for other local uses. It should be especially
well adapted to the generation of power by the use of producer gas

in a gas engine.

= Rept. Geol. Survey Pennsylvania, vol. MM, 1879, pp. 144-145,
® Martin, G. €., Markets for Alaska coul : Bull, U, 8, Geol, Burvey No. 284, 1906, p. 29,
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COKING QUALITIES,

A rough test of the coking qualities of the coal from tunnel No. 2
on Chickaloon Creek (see p. 46) was made, during the summer of
1905, by coking a large pile of coal under a covering of stones and
dirt. The resulting coke was hard and firm and had a good ring and
a good texture. The test showed conclusively that a samsfactory
grade of coke can be produced.

MINING CONDITIONS.

No serious difficulties prevent the mining of these coals. The dips
are so steep (10° to 60° on the anthracite, 18° to 85° in the east end
of the bituminous area, and 20° to 44° in the west end of the bitu-
minous area) that some method of stoping must be used. Miners who
are accustomed to the steep dips in some of the coal mines of Washing-
ton and British Columbia will have no difficulty in this field. Drifts
can be run from the level of some of the main streams, and enough
coal found above drainage to supply the mines for some time. It
will ultimately be necessary to resort to slope or shaft mining. These
methods, or tunnels across the measures from the upper floor of Mata-
nuska Valley, will probably have to be used on the anthracite very
soon. But no operations should be undertaken in the anthracite area
without thoroughly investigating the amount of workable coal, both
by carefully exploring the surrounding country in search of outerops
and by testing the thickness and continuity of the seams by boring or
other underground work. There is an abundant local supply of wood
for building and mine timbering.

It will be necessary to wash or otherwise clean the coal from some
of the seams. The percentage of ash can be reduced by washing from
10, 12, 15, 23, and 27 per cent to less than half and probably in some
cases to a quarter of these figures. By washing tests at the coal-
testing plant of the United States Geological Survey @ the percentage
of ash was reduced as follows:

Percentuye of ush in row and washed coal,
I t [tu w | Washed
| coal. coal,

1 2444 0.42
2 13. 40 7.16
kS 28. 39 7,69
4 13,81 i, 22
5 1 59 5. 86
6 0.90 £.83
T 7.78 7.49
8 25,06 8.14
9 16, 00 10,25
10 15.22 10.28

* Preliminary report on the operations of the coal-testing plant of the United States
Geological Burvey at the Louislana Purchase Exposition, 8t. Louis, Mo,, 1904 : Bull. U. 8,
Geol, Survey No. 261, 1905, pp. 60-T3.
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GOLD.

DISTRIBUTION OF GOLD-BEARINE} ROCKS,

Gold-bearing rocks are found over considerable areas in the region
adjacent to Cook Inlet, A series of graywackes and slates, cut by
small quartz stringers, occupies the eastern part of the Kenai Pen-
insula, forming the bed rock of the Sunrise mining district, extends
across Turnagain Arm, and may be seen in the valley of Knik River
still farther north. The search for placer gold in rocks of this type
is warranted, and discoveries of commercial value may possibly be
made,

North of Matanuska River, on the southern margin of a granite
mass, occurs a band of highly crystalline mica schist. It is closely
folded and infiltrated with fine quartz stringers. The only produc-
tive placer thus far developed within the region is situated on this
belt of schists. It is noteworthy that the igneous rocks, granitic and
volecanic, to which this series of mica schists grives place on the north
and east, have so far proved barren of workable placers.

Farther northwest, near the mouth of Talkeetna River, a slate-
schist series, folded, intrnded by granite, and containing abundant
quartz stringers, again represents the gold-bearing series. The same
rocks are also found just north of the Susitna-Cantwell divide. The
bars of streams heading in this formation have for many years been
worked with more or less success, and in 1898 were the scene of some
Jocal excitement. Several miles of claims were staked that year along
the Chunilna, a tributary of the Talkeetna froni the north. The gold-
bearing gravels of the newly discovered Yentna district are reported
to have a slate bed rock, indicating the presence of metamorphic rocks
to the west. '

Though there is still question as to the relative ages of these series
of rocks, there is little doubt but that,their economic importance is
due to the mineralization which has taken place during their infiltra-
tion by abundant quartz stringers. The concentration of gold values
incident upon their wearing away by stream work has been the direct
means of the formation of the placers.

The Pleistocene gravels at the head of Matanuska River are not
likely to be gold bearing or of economic importance. Their glacial
origin is distinctly unfavorable to the production of placer deposits.
Their rapid mode of accumulation means a lack of sorting and con-
centration necessary for the formation of workable placers.

The present stream gravels are largely derived from reworking
these older gravel sheets. Kven with this partial reconcentration the
gold content has not been increased sufficiently to pay for working.
Productive placers appear to be limited to such streams as are directly



MINERAL RESOURCES—GOLD. 65

engaged in concentrating a metamorphic bed rock locally bearing
gold, usually in the form of small mineralized quartz stringers. -

Though placers have not been found within the areas of older vol-
canic rocks, mineralization has occurred. West of Hicks Creek a
large cropping of gossan about 100 feet wide was found. This red
capping is due to the oxidation of finely divided pyrite disseminated
through a quartz porphyry. A sample selected for assay showed a
trace of gold and no silver.

For several miles the whole southern flank of Sheep Mountain at
the head of Matanuska River is colored a strong red from the oxida-
tion of pyrite in the greenstones. At some points the sulphuric acid
formed during the oxidation of the pyrite has bleached the green-
stones to a pure white color. The rugged range thus tinted in vividly
contrasting colors presents a marked scenic effect. Certain streams
emerging from the range are so highly charged with iron salts as to
color their gravels red with oxide. The pyritization of the green-
stones, which are here roughly schistose, has affected a great thickness
of rocks, but is of a diffused character. An assay of a sample selected
as showing the maximum mineralization yielded only a trace of gold
and no silver.

DESCRIPTION OF LOCALITIES.

WILLOW CREEK.

Placer gold is being mined in commercial quantities at only one
locality within the area covered during the season, 1. e., on Grubstake
Gulch, a southern tributary of Willow Creek, which enters Susitna
River about 30 miles above its mouth. Willow Creek proper was
staked by M. J. Morris and L. Herndon is 1898, and it is reported
that they extracted about $4,000. In 1899 A. Gilbert staked Grub-
stake Grulch, and in 1900 sold his interest to O. G. Herning, who man-
ages the property for the Klondike Boston Mining Company, of Bos-
ton, Mass.

The valley of Willow Creek and the valleys of the small tributary
gulches show clearly the results of ice action, the side streams occupy-
ing hangmg Valleys with steep gradients or falls where the smaller
streams join the main water courses. Grubstake Gulch is an example
of such conditions. Near its mouth a rim of bed rock crogses the
channel and is cut through by the present stream, which falls pre-
cipitously for about 150 feet in a very short distance and enters Wil-
low Creek at a low gradient. An excellent dump for hydraulicking
is thus afforded. Bed rock is a mica schist penetrated by small vein-
lets and augen of quartz. The schistosity at this point is N. 60° E.,
with a steep dip 40° to the north. The direction and inclination
of the beds across the stream and the dip downstream are especm]ly
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favorable for the collection of any gold that might be concentrated
from the rocks in the process of erosion which the valley has
undergone. .

In the last three years, 1904-1906, during which hydraulic methods
have been in use, 900 feet of the creek has been worked out. Pay aver-
ages 200 feet in width with a depth from 2} to 3 feet. The gold is
coarse and rough, and assays at the mint $16.58 per ounce. Very
little black sand is found. The greater part of the gold occurs close
to or in crevices of the bed rock, but it is not deemed necessary
to clean up by hand, the hydraulic giant being relied on to sweep all
gold into the boxes,

The wash, which is practically all confined to the gulch bed, there
being no well-defined bench, is coarse, ill assorted, and not greatly
waterworn, The many large bowlders make it necessary to employ
at least two men in breaking up and removing oversize and add
materially to the cost of extraction. Three Hendy giants are installed
on the property, two No. 2 and one No. 1. Only one is used at a time,
however. Seven hundred inches of water with a head of 180 feet
is brought three-fourths of a mile down the gulch. A 24-inch pipe at
the intake dam is reduced to 9 inches at the giant, to which is fitted
a 8-inch nozzle,

The 900 feet of sluice boxes used are built entirely of whipsawed
lumber. Bottom boards are 1} inches thick, side boards 1 inch thick,
and the frames are 3-inch square timbers. The flume is 27 feet wide
and 30 feet deep by inside measurements. Block riffles are used. A
grade of 5} inches to 12§ feet is maintained. The gravel is piped
downstream into the boxes, Very little gold is caught below the
fourth box, the greater part being retained in the second. Mercury
is placed in the third, fourth, and fifth Boxes.

The origin of the gold may be ascribed with certainty to the
abundant quartz stringers in the mica schists. The coarseness and
roughness of the grains suggest a near source of supply. It is very
probable that the discovery of placer gold in commercial quantities
in this region will be in the areas where mica schist is the dominant
formation or where streams have eroded rocks of that type. The
fact that placer gold has not been found in paying quantities where
streams have headed in granitic or other crystalline rocks bears out
this statement.

Recent prospecting has developed the fact that a well-defined
bench about 75 feet above the bed of Willow Creek carries gold in
commercial quantities. It is planned to install during the coming
winter a hydraulic plant on the south side of Willow Creek, near the
mouth of Wet Gulch, 2 miles below Grubstake Gulch, for their exploi-
tation. The excellent facilities for dumping, and a catchment area at
least as large as that of Willow Creek supplying water under suffi-
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cient pressure, suggest a commercial proposition well worth investi-
gation. The possession of the creek claims as dumping ground will
be necessary. Such bench claims lend themselves particularly to
exploitation by hydraulic methods and may be worked at far lower
cost than gravels situated at the level of present stream drainage.

NELCHINA RIVER.

Two prospectors from Copper Center, who were met in the head-
water country of the Nelchina and Tyonek rivers, reported that gold
was present in all the stream gravels, but in very small quantities,
The gold obtained on the Tyonek is almost exclusively in the form of
small round plates, worth about a cent apiece. Occasional small
shotty nuggets occur, not exceeding 5 or 10 cents in value.

It is reported that the hard conglomerate interstratified with
Jurassic shales and sandstones, when panned, failed to yield colors.
Yet in view of the unaltered and unmineralized character of the
prevailing sandstones and shales, and in view of the cemparative
coarseness of the gold, it is nevertheless probable that the meager
gold content of the present stream channels has been derived by a
concentration of the ancient conglomerates.

KNIK RIVER.

It is reported that on Metal Creek. a tributary of Knik River, pros-
pectors discovered pay dirt which yielded $7 or $8 a day to the shovel.

COPPER.
KNIK RIVER.

In August, 1906, prospectors reported the discovery of copper in
the high mountains between Knik and Matanuska rivers, but this
locality was not visited, The ore shown to the writer is chalcopyrite
(sulphide of copper and iron), and is associated with pyrrhotite
(magnetic iron pyrites). The ledge is reported to be nearly vertical
and to have been traced through four claims. No actual development
work has been done. The ore body is said to be 3 feet thick, consist-
ing of 18 inches of solid chalecopyrite and 18 inches of quartz irregu-
larly cut by stringers of ore. Graphitic gouge matter occurs near
the ledge. From the foregoing description it appears probable that
the deposit occupies a mineralized shear zone, similar to those found
in the Prince William Sound region both in its manner of occurrence
and in the bed rock with which it is associated. The mountains be-
tween Knik and Matanuska rivers, though difficult of access, are
thought worthy of prospecting.
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KASHWITNA RIVER.

The occurrence of bornite in the mountains east 6f the Susitna was
reported as early as 1898¢ During the summer of 1906 assessment
work was done on copper claims near the head of the north fork of
Kashwitna River, a tributary of the Susitna from the Talkeetna
Mountains, Samples of bornite said to occur in a granite were seen,
The claim is about 120 miles from Knik and is situated 10 miles from
timber,

o Explorations in Alaska, Adjutant-General’s Office, p. 167.
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n SERLIES LIST,

B 150 (mn'mumd distribution of eorundum in Unlted States, by J, H, Pn.tt 1001, U8 pp., 14 pls.
(Out of stock; see No, 260,)

B 182, A report on the econmmic geology of the Silverton quadrangle, Cn]omio, by F. L. Ransome,
1901, 266 pp., 16 pls. (Out of stoek.)

B 184, Oil and gas fields of the western interior and northern Texus Coal Measures and of the Upper
Cretaceous and Tertiery of the western Gulf coast, by G. I, Adams. 1901, 64 pp,, 10pls, (Out
of stock.)

B 193, The geological relations and distribution of platinum rnd nssoclated metals, by J. F. Kemp.
1902, 95 pp., 6 pls.

B 198. The Berea grit ofl sand In the Cadiz quadrangle, Ohio, by W, T, Griswold. 1002, 43 pp., ¥ pl.
(Out of stock.)

PP 1, Preliminary report on the Ketchikan mining district, Alaska, with un introductory sketeh of the
geology of southeastern Alaska, by A.J1. Ilrooks, 1902, 120 pp., 2 pls.

B 200. Reconnalssance of the borax deposits of Death Valley and Mohave Desert, by M. R. Campbell,
1902, 2ipp., | pl. (Out of stock.)

B 22. Tests for gold and sllver in shales from western Kansas, by Waldemar Lindgren. 1002, 21 pp.
(Out of stock.)

PP 2, Reconnaissance of the northwestern portion of SBeward Peninsula, Aluska, by A, J, Colller. 1002,
70 pp., 11 pls,

PP 10. Reconnaissance from Fort Hamlin to Kotzebue Sound, Alaska, by way of Dall, Kanuti, Allen,
and Kowak rivers, hy W. C. Mendenhall. 1062. 68 pp., 10 pls.

PP 11. Clays of the United States east of the Mississippi River, by Heinrich Ries. 1003. 298 pp., 9 pls.
{Out of stock.)

PP 12. Geology of the Globe copper distriet, Arizona, by F, L. Ransome. 1903, 168 pp., 7 pls,

B 212, Ol fields of the Texas-Lounisiana Guli Coastal Plain, by C. W, Hayes and Willlam Kennedy,
1903, 174 pp., 11 pls. (Out of stock.)

B 213, Contributions to economic geology, 1902; &, F. Emmons and C, W. Hayes, geologists in charge.
1003. 449 pp. (Out of stock.)

PP 16, The mineral resources of the Mount Wrangell district, Alaska, by W, C, Mendenhall and F. C.
Schrader. 1903, 71 pp., 10 pis.

B 218, Coal resources of the Yukon, Alaska, by A. J. Collier. 1903. 71 pp., 6 pls.

B 219, The ore deposits of Tonopah, Nevada (preliminary report), by J. E, Spurr, 1903, 31 pp., 1 pl
(Out of stock.)

PP 20, A reconnaissance in northern Alasks in 100), by F. C. Schrader. 1904, 139 pp., 16 pls,

PP 21. Geology and ore deposits of the Bisbee quadrangle, Arizans, by F. L. Ransome. 190, 188 pp.,
20 pls.

B 223, Gypsum deposits in the United States, by G. 1. Adams and others, 1004, 120 pp., 21 ple, (Out
of stock.)

PP 24. Zine and lead deposits of northern Arkansas, by G. I. Adams. 1904, 118 pp., 27 pls.

PP 25. Copper deposits of the Encampment distriet, Wyoming, by A. C. Spencer. 1004. 107 pp,, 2 pls.
(Out of stock.)

B 225. Contributions to economic geology, 1903, by S. F. Emmons and C. W, Hayes, geologists in charge.
1904. 527 pp., 1pl. (Out of stock.)

PP 26. Economic resources of the northern Black Hills, by J. D, Irving, with contributions by 8. F.

B Emmons and T, A. Jaggar, jr. 1904. 222 pp., 20 pls.

PP 27. A geological reconnaissance across the Bitterroot Range and Clearwater Mountains in Montana
and Idaho, by Waldemsar Lindgren. 1904. 123 pp., 15 pls.

B 220. Tin deposits of the Yori region, Alaska, by A. J. Collier. 1004. 61 pp., 7 pls.

B 236, The Porcupine placer district, Alaska, by C. W. Wright. 1904. 35pp., 10 pis.

B 238, Economic geology of the Tola quadrangle, Kansas, by G. 1. Adams, Erasmus Haworth, and
W. R, Crane. 1904, 53 pp., 11 pls.

B 243, Cement materials and lndustry of the United States, by E. C. Eckel. 1006, 385 Lp., 15 pls.

B 246, Zine and lead deposits of northwestern 1liinois, by H. Foster Bain. 1004, 5 pp., & pls,

B 247. The Fairhaven gold placers of Seward Peninsula, Alaska, by F. H. Moflit. 1905. 85 pp,, 14 pls.

B M9, Limestones of southeastern Pennsylvania, by F. G, Clapp. 1005, 52 pp., 7 pls.

B 250, The petroleum fields of the Pacific coast of Alaska, with an account of the Bering River coal
deposits, by G. C. Martin. 1905, 65 pp., 7 pls.

B 251. The gold plucers of the Fortymile, Birch Cree's, and Fairbanks reglons, Alaska, by L. M. Prindle.
1905, 89 pp., 16 pls.

WS 117, The lignite of North Dakota and its relation to irrigation, by F. A, Wilder. 1005. 5 pp., 8 pls,

PP 3. The lead, zine, and Nuorspar deposits of western Kentucky, by E. 0, Ulrich and W. 8, T, 8mith.
1005, 218 pp., 15 pls.

PP 38, Feonomie geology of the Bingham mining district, Utah, by J. M. Boutwell, 'wlth # chapter on
areal geology, by Arthur Keith, and an introduction on general geology, by 8. F. Emmons,
1905, 413 pp., 49 pls.

PP 41, Geology of thecentral Copper River reglon, Alaska, by W.C. Mendenhall, 1005, 133 pp,, 20 pls.

B 254, Report of progress in the geological resurvey of the Cripple Creek district, Colorado, by Walde-

mar Lindgren and F. L. Ransome, 19M. 36 pp.
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B 255, The fluorspar deposits of southern Ilinois, by H. Foster Bain. 1905. 75 pp., 6 pls, (Ont of

stock.)

B 266. Mineral resources of the Flders Ridge quadrangle, Pennsylvania, by B. W, Bl.one. 1905,
86 pp., 12 pls,

B 258, Report on progress of Investigati of mi 1 of Alaska in 1804, by A, H. Brooks

and others, 1905, 19 pp., 3 pls,

B 260, Contributions to economie geology, 1904; S. F. Emmons and C. W, Hayes, geologists in charge,
1905, 620 pp., 4 pls,

B 261, Prellminary report on the operations of the coal-testing plant of the United States Geological
Burveyatthe Lonisiana Purchase Exposition, St. Louis, Mo., 1904; E.W. Parker, J. A. Holmes,
and M. R. Campbell, committec in charge. 1905. 152 pp. (Out of stock.)

B 208, Methods and cost of gravel and placer mining in Alaska, by C. W. Parington. 1905, 273 pp.,
42 pls.  (Out of stoek.)

PP 42, Geology of the Tonopah mining district, Nevada, by J. E. Spurr. 1905, 295 pp., 24 pls,

PP 43. The copper deposits of the Clifton-Morenci distriet, Arizona, by Waldemar Lindgren. 1905,
475 pp., 26 pls.

B 264. Record of deep-well drllling for 1904, by M. L. Fuller, E. F. Lines, and A. C. Veatch. 1805,
106 pp. .

B 265, Geology of the Boulder district, Colormdo, by X, M, Fenneman. 1905 101 pp., 5 pls

B 237, The copper deposits of Missouri, by H. Foster Buin and E. O, Ulrich, 1905, 52 pp.,1 pl

B 269. Corundum and Its occurrence and distribution in the United States (a revised and enlarged
edition of Bulletin No. 180), by J. H. Pratt. 1906. 135 pp., 18 pls.

PP 48. Report on the operations of the coal-testing plant of the United States Genloglmi Survey at
the Louisiana Purchase Exposition, £t. Louis, Mo., 1904; E. W, Parker, J. A. Holmes, M. R,
Campbell, committee in charge. 1906, (In three parts.) 1,492 pp., 13 pls.

B 276, Blate deposits and slate industry of the United States, by T. N, Dale, with sections by E. C.
Eckel, W, F. Hillebrand, and A, T. Coons. 1908, 13 pp., 25 pls.

PP 49, Geology and mineral resources of part of the Cumberland Gap coal field, Kentucky, by G. H,
Ashley and L. C. Glenn, in cooperation with the State Geologleal Department of Kentueky,
C. 3, Norwood, curator. 1906, 239 pp., 40 pis,

B 277. Mineral resources of Kenal Peninsula, Alaska: Gold fields of the Turnagnin Arm reglon, by
F. H. Moffit; Coal fields of the Kachemak Bay region, by R. W, Stone. 1906, B0 pp., 18 pls.

B 278, Geology and coal resources of the Cape Lisburne region, Alaskn, by A.J, Collier, 1006, 5 pp.,
9pls. (Out of stock.)

B 279. Mineral resources of the Kittanning and Raral Valley quadrangles, Penneylvanin, by Charles
Butts, 1906. 195 pp., 11 pls.

B 280, The Rampart gold placer region, Alaska, by L. M. Prindle and F, L. Hess, 1006, 54 pp., 7 pls.
(Out of stock.)

B 282, Oil fields of the Texas-Louisiana Gulf Coastal Plain, by N. M. Fenneman. 1006, 146 pp., 11 pla,

PP 51, Geology of the Bighorn Mountains, by N. H. Darton. 1906, 129 pp., 47 pls,

B 2583. Geology and mineral resources of Mississippl, by A. P, Crider. 1908, 00 pp., 4 pla.

B 284. Report on progress of investigations of the mineral resources of Aluska in 1905, by A, H. Brooks
and others. 1906. 169 pp., 14 pls.

B285, Contributions to economic geology, 1905; 8. F. Emmons and E. C, Eckel, geologists in charge,
1906. 506 pp., 13 pls.  (Out of stock.)

B 286. Economic geology of the Beaver quadmngle, Pennsylvania, by L. 1, Woolsey, 1908. 1382 pp.,
B pls,

B 287. Junean gold belt, Alaska, by A. €. Spencer, and A reconnalssance of Admiralty Island, Alaska,
by C. W. Wright. 1906, 161 pp., 27 pls.

PP 54. The geology and gold deposits of the Cripple Creek distriet, Colomdo, by W. Lindgren and
F. L. Ransome. 1906. 516 pp., 20 pls,

PP 65, Ore deposits of the Silver Peak quadrangle, Nevada, by J. E. Spurr. 1906, 174 pp., 24 pls.

B 289, A reconnaissance of the Matanuskn coal fleld, Alasks, in 1905, by G. C. Martin. 1906, 34 pp.,
5 pls.

B 290, Preliminary report on the operations of the fuel-testing plant of the United States Geologieal
Survey at 8t. Louls, Mo., 1906, by J. A. Holmes. 1906, 240 pp.

B 203. Reconnaissance of some gold and tin deposits of the southern Appalachians, by L. C. Graton,
with notes on the Dablonega mines, by W. Lindgren. 1806. 134 pp., 9 pls.

B 294, Zinc and lead deposits of the upper Mississippl Valley, by H. Foster Bain. 1906. 155 pp., 16 pls.

B205. The Yukon-Tanana region, Alaska, description of Circle quadrangle, by L. M. Prindle. 1908,
27 pp., 1 pl.

B 206, Economic geology of the Independence quadrangle, Kansas, by Frank ©. Schrader and
Erasmus Haworth. 1906, 74 pp., 6 pls,

B 297, The Yampa coal field, Routt County, Colo., by N, M. Fennemnan, Hoyt 8. Gale, and M. R,
Campbell, 1006, 96 pp., 0 pls,

B 298, Record of deep-well drilling for 1905, by Myron L. Fuller and Samuel Sanford. 1906, 299 pp.

B 300. Economie geology of the Amity quadrangle in eastern Washington County, Pa., by Frederick
G. Clapp. 1907, 145 pp., B pls,
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B 308, Preliminary aceount of Goldfield, Builfrog, and other mining districts in southern Nevada, by
F. L. Ransome, with notes on the Manhattan district, by G. H, Garrey and W. H. Emmons,
1806, 98 pp., B pla. )
B 804, 0il and gas fields of Greene County, Pa., by Ralph W, Stone and Frederick G. Clapp, 1906, 110
pp., 3 pls.
PP 66, Geography and geology of a portion of southwestern Wyoming, with special reference to
coal and oil, by A. C, Veatch. 1907. 178 pp., 26 pls.
B 308, A geologic {zsance in southw 1 Nevada and eastern Callfornia, by 8. H, Ball, 1007,
218 pp., 3 pls.
B 809. The S8anta Clara Valley, Puente Hills, and Los Angeles oll districts, southern California, by
G. H. Eldridge and Ralph Arnold. 1907. 266 pp., 41 pls.
B 812, The interaction between minerals and water solutions, with special refi to geologl
phenomena, by E. C. Sullivan. 1907, Pp-
B 313, The granites of Maine, by T. Nelson Dale, with an introduction by G. 0, Smith. 1807, 202 pp.,
14 pls,
B 314, Report of progress of Investigations of mineral resources of Alaska in 1906, by A. H, Brooks
and others, 1907, 235 pp., 4 pls,
B 315, Contributions to economic geology, 1906, Part I: Metals and nonmetals, except fuels; 8. F,
Emmons and E, C. Eckel, geologists in charge. 1907. 504 pp., 4 pls,
W8 216, Geology nnd waler resources of a portion of the Missouri River Valley in northeastern
Nebreaska, by G, K, Condra, 1908, — pp., 11 pls.
W5 216, Geology and water resources of the Republiean River Valley in Nebraska and adjacent
aread, by G. E, Condra. 1907, 71 pp., 13 pls.
B 316, Contributions to economic geology, 1906, Part I1: Coal, lignite, and peat. M. R. Campbell,
geologist In charge. 1907, 543 pp., 23 pls.
B 317, Prellminary report on the Santa Maria ofl distriet, Santa Barbara County, Cal, by Ralph
Arnold and Robert Anderson, 1607, 69 pp., 2 pls.
B 818, Geology of oil and gns fields in Steubenville, Burgettstown, and Claysville quadrangies, Ohlo,
West Virginia, and Pennsylvania, by W, T. Griswold and M. J. Munn. 1907. 196 pp,, 13 pls,
B320. The Downtown distriet of Leadville, Colo., by 8. F, Emmons and J. D. Irving. 1907. 75 pp.,
7 pls.
B 821, Geology and oil resources of the Summerland district, Santa Barbara County, Cal., by Ralph
Amold. 1907. 91 pp., 20 pls.
B 322, Geology and ofl resources of the Santa Maria ofl district, Santa Bnrham County, Cal,, by Rulph
Arnold end Robert Anderson, 1007, 1861 pp., 26 pls.
B. 326, The Arkansas coal field, by A. J. Collier, with reports on the paleontology, by David White
and G. H. Girty. 1907. — pp., 6pls.
B. 827. Geologic {ssanee In Matanuska and Talkeetna basing, by Sidney Paige and Adolph
Knopf. 1907. 71pp., 4 pls.

SERIES B, DESCRIPTIVE GEOLOGY.

B 28, Observations on the junction between the Eastern sandstone and the Keweenaw series on
Keweenaw Poiut, Lake Buperlor, by R. D, Irving and T. (. Chamberlin. 1885, 124 pp., 17
pls.  (Outof stock. )

B 83. Notes on geology of northern California, by J. 8. Diller, 188, 23 pp. (Outof stock.)

B 89. The upper beaches and Jdeltas of Glacial Lake Agassiz, by Warren Upham. 1887, 84 pp., 1 pL
(Out of stock.)

B 40, Changes In river courses in Washington Territory due to glaciation, by Balley Willis, 1887, 10
pp., 4 pla.  (Out of stock.)

B 46, The present condition of knowledge of the geology of Texas, by H. T. HIIl. 1887, % pp. (Out
of stock,

B 53, The xenlom2 of Nantueket, by N. 8. Shaler. 1889, 55 pp., 10 pls. (Out of stock.)
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