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of large, closely compres;&i.io]ds withl,;mmlld‘ lim~b.s;-1u'i.x—x;;ingv nbout' -

a reduplication of beds that-would not be sns d un

St 2 ‘ s that d pected nnless the folds
were seen. (Sce fig. 4.) ".At other localities the folding has been in-
“tense, and bas resulted in intricate contortion, sharp’

‘broken folds, and faulting. (See fig. 5.) /i kel v

¥ The folding. faulting, and deformation that are now observed in
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‘the Cantwell .were brought about by the mountain-bailding processes

tl‘x'a»t c:rgated ﬂzc present _.%luskn Range. ‘Certainly no mountains ex-
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River. River bluff is 400 feet bigh, IR
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isted in early Tertiary time in the area now occupied by the Cant-
we'ell formation, for its materials were of necessity deposited in low-
I¥ing areas. A part of the deformation is believed to have preceded
?he deposition of .the sueceeding coal-bearing Tertiary beds, for it
is thought that locally they lie unconformably upon the e‘rode’d edges
of the Cantwell. The great uplift and folding, however, occurrcd:in
later Tertiary time, and involved not only ‘the Cantwell but also
vounger Tertiary formations. ) SR
Sufficientiy detailed field work to determine -accurately the thick-

ness of the Cantwell foermation has not yet been done.. The base of |
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Ficoxe .’:.-—.Skctch showiny structore of shales and gzritx of Cantwell formation in the
bmsin of East Fork of Tokiat River. ’

tbe formation has been observed at several places; but as the beds
form a great folded syneline and are generally uncovered by yvounger
deposits, the rugged mountains formed of this material represent

only the portion of the beds that have remained. an unknown amount

of the formation baving been removed by erosion.  Itstop hasnot been
recognized. Many peaks composed entirely of Cantwell sediments |
stand fr.om 2.000 to 2,500 feet above adjacent stream beds, and Sabie
Mountain, between Teklanika and East Fork. of Toklat rivers, rises
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© "3.000 feet above the -valle-y to the west, although the beds wuere are

not fiat lying. The area occupied by:the Cantwell in -this .region
has a maximum known width- of at least 12 miles, but in that area
the beds have been folded, faulted, and tilted, and the same bed may
‘be crossed many times by one journeying from.the north to the south
cdge of the area. It is difficult to-conceive that 5o wide a belt of
yugged mountains could be.composed of a single formation unless its
normal thickness isito be measured in thousands of feet. Moffit
calculated a thiclmess of approximately 2,700 feet in a single moun-

tain in the Broad Pass region near the mouth of .Jack Creek and

believed that that measurement represented only a part of the sec-
tion. DBrooks? estimated a thickness of at least 2,000 feet in Toldat
basin. From the incomplete evidence now at hand it appears to the
writer that both these estimates are too Jow, and that the thickness
of the Cantwell beds in the Toklat basin is at least 3,000 feet, and

niay be much more. e
AGE AND CORRELATION. . o

Tn Eldridge’s original description of the Cantwell formation he
expressed no opinion as to its age. The first attempt. to assign these
beds 10 4 definite stratigraphic position was made by Brooks? as a
result of his field work in 1902, during which he traced the forma-
tion from a point mear Muldrow Glacier castward to Nenana River
and for 25 miles up Yanert Fork. He found the Cantwell formation
Jring unconformably upon beds of probable Middle Devonian age
and expressed the opinion that it was pre-Eocene, ‘although recog-
nizing its structural and lithologic resemblance to Eocene beds in
other parts of Alaska. Brooks even found Eocene plant remains in
chales resembling the Cantwell shales. but they were associated with
faults. and from other considerations e concluded that the Cantwell
formation was pre-Mesozoic; and that if so, it would most likely
be Carboniferous. Mofiit* howerver. as a result of his work in the
Broad Pass region in 1913, unqualifiedly assigned the Cantwell to
the early Tertiary (Locene). He collected fossil plants from several
jocalities on the West Fork of Wells Creek, and the following forms
in his collection were identified by I H. Xnowlton and Arthur

Hollick:

Locality 6365. Ten miles east of mouth of Jack Itiver.
Taxodium tinajorum Heer. :
Taxedium dubium (Sternberg) Heer?

Sequoia iangsdorfil (Brongniart) Heer? .
Populus arctica Heer? .
Daphnogene kanli Heer.

13oft, ¥, IL., ep. ©it, p. 47, ..

2 Tsrooks, A. L., op. oit, . Bl i ..
a1 80p. eit.,, p. 82. B sl

4)offit, 1. 1L, op. cit, pp. 45-49,
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- Lecality wT. Ten miles east-of mouth of Jack River (near 0565)':*"1. | Ehpes
Aspidlum heeril Ettingshausen?. .. #:; .. il e ne] ?J:.-iif.i»ﬁ;:- :

dait
~ucw. Taxodinm .dabi (S i e

TRET ! ium (Sternbery) .Heer? iy:. e 1 T e o1 e
wrs:z, GInkgo adiantoides (Unger) Beer? ;. . .. o ATHIRRTS U

! N R ‘v~',-ul{‘".‘:‘N';?"'k;x-:.] TN
.- _The-]ca\es coUect,e_d b.y Brooks from Toklat basin included forms
like three of the species in lot 6365, = - - e wl

o Another. fragmentary collection obtained by the Writ;f on BI"‘

}'reek, 2 trxbuta_ry of Teklanika River, at a point about 4 miles abovoe
the mouth of Big Creek, was examined by F. H. Knowlton, who re-
ports as follows:. . . . ' ,

Tocality 7278.

wlﬁll{xere n:‘e two fypes of conifers present—isolated leaves of Pinust sp. and
. xix appear to be branchiets of Scquoia langsdorfii—but the shape and at-
su( ?plfent of the lca\.‘es nr.e not cear. The dicoryledons represent at least three
t{)cues, but no specimen is weli enough preserved o permit certain identiﬁ@-

jon. One' strongly sugzests Corylus macquarrii, but it is without margin;

another might be a Piatanus. but this is uncerrain. Y
\ I<.1~on? th'e data a.\':xiluble I am pot in position 1o ke & very positive age
(eu.rmmatxon, but in my opinion ir js probably Tertiary and Kenai in age blt
px:x) be as old as uppermost Cretaceous. hut I do not think so. )

1 From thfe Tacts already stated the Cantwell formation as shown on
the geologx'c map (PL IL in pocket) is assigned definitely to the
;arly Tfartxary (Eocene), for although the fossil plants collected

rom this area are alone too few and too mnperfect to establish the
age of the formation, the stratigrapliic continuity of the formation
eastward to the fossﬂ localities found by Mofiit is believed to be
pro.vefl, and the lithology of the formation is characteristic and uni-
form in both areas. - '

TERTIARY COAL-BEAIIING FORMATION.,
CHARACTER AND DISTRIBUTIOX.

Coal-bearing Tertiary sediments. supposed to be of Eocene ace
ha\'evfor many vears been known in the basin of Nenana River :m,
the Nenana coal field. Their distribution was first shown by BrooyksJL
and Prindle, as the result of field studies made in 1902 and 1966
Ip 1910 Capps? again examined the area between Nenana and Delta'
rivers and mapped the coal-bearing rocks there. In 1916 G. C. Mar-

# tin and his assistants made a detailed study of a part of the Nenana -

coal field.  Martin's report on the areas is now in press. These and
other investigations have shown that coal-bearing Tertiary deposits
oceur on the north slope of the Alaska Range and on its eastward
continuation, the Nutzotin Mountains, from the head-of Kuskokwim .

1 I?rookx, A. ., op. cit., pl. 9. .
# Capps, 8. L, op. cit., pp. 26-30 and pL 2.
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River ndl’fi)east\vard:nnd'east.wnfci: to the international boundary

. between Alaska and the Canadian Yukon. Throughout most of this

"distance the beds askmown occupy only small areas, and occur either
as small warped basins surrounded by older rocks or as beds that dip
beneath & cover of later materials. Only in the area between
Little’ Delta River on the cast and Telklanika River on the west
‘have any considerable areas of the coal-bearing sediments been
noted.” By far the largest area of the coal-bearing formation, and
that contsining the most abundant coal, lies just east of Nenana
River, in the basins of Hoseanna, Healy, and Totatlanika creeks, ad-
joining the region here described. Within the Kantishna region
some beds of the coal-bearing formation occur in the basin of Dry
Creek, and it is reported that coal beds crop out on the -west bank
of Nenana River, opposite the mouth of Healy Creek. The forma-
tion mayv be of considerable extent at that place, but, if so, it 1s
covered for the most part by vounger materials. Remnants of the
basal portion of the coal-bearing formation occur on the divide
between Dry Creek and Savage River, and in the Teklanika basin
the beds outerop in such a way as to show the presence there of a
considerable area of coal-bearing materials in warped and faulted
basins. This area may be considered a western extension of the
Nenana coal field, though in places the coal-bearing formation has
been removed by erosion. The broad basin extending from Nenana
River opposite Hoseanna Creek westward to the Kantishna Hills
may contain s large area of the coal-bearing Tertiary beds. On
Savage and Teklanika rivers, near their junction, and on Crooked
Creek, at the base of the Kantishna Hills, outcrops of this formation
occur, and the lack of other areas between Teklanika and Toklat
rivers, as.shown on the geologic map (Pl II, in pocket), is more
likely to be due to the fact that the basin has been little studied
than to the actual absence of the formation between the outcrops
shown. Two small basins of the coal-bearing formation were seen
in the liigher mountains, one at Highway Pass between Toklat River
and Stony Creek, and the other between Stony Creek and the extreme
southeast head of Moose Creck. Other small areas were mapped
on Glacler Creek, a tributary of Bearpaw River from the west slope
of the Kantishna Hills. )

Any complete description of the coal-bearing Tertiary beds on the
rorth side of the Alaska Range must refer to the basins of Hoseanna
(Lignite) and Healy creeks, just east of Nenana River, for it is there
that the formation is best exposed and contains the greatest thickness
of coal. Turthermore, as that coal field lies on the route of the Gov-
-erpiment railroad, now under construction, the commercial develop-
ment of coal mines is certain to be first undertaken there. On Healy
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Creck “jon measured. by Prindle showed 2 total ﬂuclmess of”
1.900 fece oI coal-bearing bedz.. consxstnw of gravel, shale, sands, and ,
Tignite, of which 220 feet was lignite in "3 sepamtebeds. The struu-
graphic relations at that Jocality arc rypxcul of the formafion at’ mﬂnj
other places. The basal beds consist of about 100 feet of smoothly

rounded chert and white -quartz pebbles in & matrix-of white sand

und kaolinte material, Ixing unconformably upon the Birch Creek -
gchist. This basal member, with its conspicuous white colar, is:char-

acteristic over wide areas, and is of great value in recognizing the
base of the formation. Above the “Inte basul gravels are alternating
beds of shale, clar, sand, and lignite, with some fine gravels. I‘he
Janite beds are thickest and most numerous in the lower half of the
formation, where therc are seven beds ageregating 174 feet of coal.
In the upper half of the section the coal occurs in thinner beds, and
fine gravels are more abundant. The formation is succeeded above,
in apparent conformity. by a thick deposit of gravel. . .

" In the basin of Dry Creck onlv the basal white gravels were ob-

served, dipping bencath a covering of vounger materials. The white .

eravels also oceur as a thin layer upon the schist in the Dry Creek-
Savage River divide and are there scattered remmants of the for -
tion. most of whicii ins been removed by erosion.

In the basins of Savage and Teklanika rivers west of the head of
Dry Creel there iz a coul field including several square miles, in
which the presence of worakble coal heds of good quality is indicated
by the eutcrops of ligmite along the streams, though later gravels
cover most of the probable coal-bearing arca. The base of the forma-
tion. consisting of white quartz aravels and sands, lies unconformably.
aipon the Birch Creek schist to the south. and the beds dip northward
beneath the terrace gravels. (Sec Pl XIV, ) The structure of
the beds apparently carries them beneath the hills of Nenana gravel,
but faulting may cut them off. Conl beds were examined at a1 num-
ber of localities. On thie south side of Ewe Creek, 13 miles above its
mouth. one lignite hed. 10 feet thick, apparently of small area, crops
out in a small tributars gulch, and another bed 2 feet thick shows
near the wain stream. On the north bank of Ewe Creel a liznite bed
9 feet thick crops out at intervalz for a mile above the mouth of the
stream: and dips northward. On Savage River north of Ewe Creck
a blufl on the west side of the vallev shows a short exposure of a

lienite bed 14 feet thick dipping northward and overluin conform-:

ably by cross-bedded sands. The coal formation 1s there capped by
liorizontal terrace gravels. Farther downstream the same bluff shows
five coal beds, aggregating 25 feet 8 inches in thickness, interbedded

with clays, shales, and s.mda, dipping northwestward. (See PL

XIV, 4.) o

. ) o~

U. 8. GEOLOGICAL BURVEY

TERTIARY COAL-BEARING FORMATION ON SANCTUARY

F THE
B. BASAL BEDS O RIVER.
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The section as roughly measured was as follows: - . .
. : BN T R i ieen s Al e . S ke et .
TN e e L TRt L rrmere e e sl e e e .
©of coal-becaring formation on west-side-of Sevage Fork,'2 milcs-beloto
dornnt incr  vthe mounth of Ewe:Creek. | aertn e 0 oIT

g T R S P TR X O
. ) . [Bee TL XIV, 4] . . o ’ -
ool L P A R 2 T 1%
'LI.. Gravels-of horizontal terrace..l . . b 15

Unconformity. .. B Y

. Clay e 24
. - 'Lignite .. Ll [
1T - Clay M : 18
- Lignite : - 3 8
Clay - N i —— 2
Lignite 1 2
Clays and sands (poorly exposed) a2
Shale, dark oray -
Sandstone, fine gray.__ i
Lignite s 6
Shate, dark gray o
Shale, light zray s
Shaile, dark gray b4
Sands, aray ; 4
Shale, dark gray 3
"Gray sands )
Lignite G

Bottom not exposed.

-~ On the east side of Savage Fork. a quarter of a mile above tite

section just deseribed, a lignite bed about § feei thick is exposed.
Too little work has been done to determine whether or not all the
lignite beds on Ewe Creek and Savage River are separate beds, or
whether thie same bed shows at more than one locality.

© A small, imperfect exposure of the coal-bearing formation. with a
little impure lignite, was seen 1} miles above the mouth of Savage
River.

Sediments of the coual-bearing formation occur along hoth Sanctu-
ary and Teklanika rivers for 3 miles above their junction. In most of
the exposures no lignite beds were seen. but on the Teklanika, half a
niile north of the mountains of Dirch Creek schigt, a lignite bed 3
feet thick shows in the east stream bluff.

In the castern half of Highwayx Pass, between Toklat River aud
Stony Creek, on the north valley wall; there is n small area of the
coal-bearing formation, consisting of shales, sandstone, aud fine
eravels, and a little impure lignite. In the same area, on the south
side of the valley. three lignite beds from 1 to 3 feet thick, are re-
ported to crop out. ; '

- A pass between Stony Creck-and the extreme southeast branch of
Moose Creel contains a narrow *basin of the coal-bearing formation.
Exposures in the valley bottom show an alternating series of clays,

'
'
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-vels, and some streaks of impure carbonaceous material a

nitized streaks and logs that still -show kn . Q-
. ots and branches and

-annual rings of g{‘OWﬂ):. On the.north edge of this basin the 1?:15
l‘o;(f:dthe:coal fox'matx‘on fixp steeply to the south. Near their margin s
of weathered lignite, 12 fect thick, associated with purple shale,

s

* few rucues thick. Scattered through the -formation there are Ligess

lies close to 2 mass of intrusive andesite porphyry, and the discolora- -

tion of the shale is believed to be the result of contact metamorphism, -
Near Stony Creck the beds of this formation contain gbundant blocks
of extrusive rock and are interbedded with columnar lava,. "

I.n the basin of Glacier Creek, in the Xantishna minine district, the
white basal gravels of the coal-bearing formation have ieen discl:)sed
by prospect holes dug near the line of contact between the Birch
Creel schist and the sontheast edge of the terrace gravels. Farther
dO\xjn t.he same stream the white gravels crop out inihe stream blufis
4galn In a position that indicates that they lie upon the schist. Ob—,
scure exposures and scattered fragments of lignite on the stream bars
of lqwer Glacier Creek suggest that the formation 1s present over a
considerable area but beneath a cover of younger gravels,

High bluffs of unconsolidated sands, clays, and eravels that are
believed to belong to the coal formation oceur at several localities in
the valley of Clearwater Fork of Toklat River., (PL. XV, B))

STRUCTURE AND THICKNESS.

. The principal features of the structure of the coal-bearing ioz‘xﬁé-
tion in the areas in which it was studied and mapped ha\-'ec already
i bee'n described, but the facts may again be briefly summarized. The ~
sediments that make up this formation were deposited by streams in
low, basin-like areas at a time when the site of the présent Alaska
Range was yet a region of low relief, a fact indicated by the char-

acter of the sediments themselves, for they are dominantly fine shales
clays, and sands. The deposition of the lignite beds must have taken’ -
a long period of time, during which little detrital rock materia] was
Jaid down, for the coal beds were formed by the slow growth and '1c‘-
cumulation of vegetation, and while they were bc';w built Iit‘tle
s.tream-bome débris was brought in. The detrital matertiaa]s are much
finer than the sediments now being handled by the streams, and point
to low gradients and comparatively sluggish streams. The drainace
lines then followed a general casterly direction, in contrast to ‘tﬁe
present drainage lines, which run north and south. -

Much _of the deformation and uplift of the Alaska Range has been
accomppshed. since the coal-bearing formation was laid do;n and the
mountmn-b_mlding processes of folding and faultine have,aﬂ"ectcd
these deposits as well as the older rocks of the rcgion.b The compres-
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© Sion with the consequent Warping of the crust during the growth of

the range was comparatively slight in the foothills area, in which the
coal-bearing sediments are most abundant, but in the higher moun-
tains was severe, and the small areas of this formation that occur
there are more highly deformed than those farther north. Thus each of
the arcasin the Gpper Toklat basin isa syncline, with both limbs lying
upon older rocks and dipping steeply toward the axis of the basin.
The Teklanika coal-bearing area, Iying as it does in & broad basin in
the foothills belt, is only moderately compressed, and the observed
dips show a monoclinal structure with the beds dipping northward.
Similarly, the imperfect exposures on Glacier Creelr, west of the IXan-
tishna Hills, indicate moderate northward monoclinal dips. East
of Nenana River the same generalizations with regard to the structure
hold true. In upper Healy Creek, in 2 mountainous area, the coal-
bearing formation s compressed into a syncline with steep dips on
the limbs. In the basins of Hoseanna and Totatlanika creeks, within
the foothills belt, the dips arc more gentle and the deformation is
less severe.

Little information concerning the thickness of this formation was
obtained from the IXantishna region, for the exposures there are
small and discontinuous. The nearest locality at which anything like
a complete section is exposed is on lower Healy Creek, where the
formation is about 1,900 fect thick. Farther west, in the region here
considered, the formation probably does not reach so great a thick-
ness. The beds were laid down in shallow basins in which deposition
took place first in the lowest parts; later, as the beds increased in
thickness, their area also increased. Thus the formation continued to
expand In area, the higher beds overlapping the older rocks of the
river basin. Only over the deepest part of the basins was the full
thickness of beds developed, and measurements taken elsewhere will

show an incomplete section, even though the formation is exposed

from the underlying older rocks to the cover of Nenana gravel.
AGE AND CORRELATION.

The age of this formation has been determined largely from the
fossil plants that have been found in it, and from its lithologic re-
semblance to similar beds in other parts of Alaska that have also
viclded fossil plants. Although plant remains in the form of lignite
and of carbonaceous imprints of Jeaves and twigs are common, they
have in general been so completely lignitized that the plant forms

" can no longer be determined. Furthermore, the inclosing sediments

are little consolidated, and the plant imprints will not stand the

handling necessary to bring them out for identification. In the

Nenana coal field the best fossil leaves have been collected . from
B0549°—18——th
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beds that h szen hardened by the burning out of adjacent coal
beds, and’ fx ach materials 2 number of forms have been 1dent1-
"ficd. No collections have been made in this region.

The fossil leaves found in the coal-bearing formatlon just east of
Nenana River indicate that it is early Tertiary, and the Eocene coal-
bearing formatiorr of Alaska has often been referred to under the
name of IKenai formation. This is the age assigned to the plants
taken from the Cantwell formation, already described. The studies
of the Cuntwell and the coal-bearing sediments in this ares, how-
ever, show that there is a decided differance in both lithology and
structure between these two sedimentary series, a greater difference
than can be accounted for by the more severe alteration of the
Cantwell due to its position along the line of greatest metamor-
phism of the Alaska Range. The chief differences between the two
formations may be briefly summarized as follows: The Cantwell
beds are everywhere well indurated, and comprise hard rocks, in-
cluding shales, sandstones, and hard conglomerates, whereas the beds
of the coal-bearing formation dre almost everywhere little consoli-
dated. and include sands, clays, and fine gravels. The Cantwell
is prevailingly of dark, somber colors, being composed for the
most part of dark-gray te black beds, whereas the coal-bearing for-
mation is conspicuously light colored, its prevailing shades being
white, cream, and buff. The Cantwell formation, although present-
ing large, clean exposures, has nowhere been found to contain thick
coal beds, whereas the coal-bearing beds, even those in the midst of
areas of highly deformed Cantwell sediments, are less steeply folded,
and preserve their light colors and incoherent character.

As the coal-bearing beds and the Cantwell beds were not found
anywhere in direct contact their relative ages have not been proved,
but the coal-bearing formation seems clearly the younger. Its gen-
eral lack of induration and its lesser deformation indicate this, as
does also the stratigraphic position of the beds at the localities in
Toklat River and Stony Creek. The coal-bearing beds in Highway
Pass form a simple syncline, whereas the Cantwell beds in Divide
Mountain, just to the east, are highly deformed. The coal-bearing
beds were thers deposited in a valley that had previously been eroded
into a group of hard rocks of which the Cantwell is one formation.
Farther west, in the pass between Stony Creek and the southeast head
of Moose Creek, the same situation exists. The Cantwell in the area
just north of the pass, where it is separated from the coal-bearing beds
only by a narrow belt of igneous material, is standing on edge and 13
composed of thoroughly indurated black materials. The coal-hearing
beds, apparently here also deposited in a valley eroded into the lavas
and Cantwell sediments, are unconsolidated, of Light colors, and
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.much less ‘deformed than the Cantwell. They contain , .fes of a
- 'conglomerate that is identical in general appearance with much of
- the Cantwell conglomerate. If the conglomerate pebbles were de-

rived from the Cantwell the younger age of the coal-bearing beds at
this place is proved, for the Cantwell conglomerate, to have yielded
the pebbles, must first have been indurated to a-hard rock and then
subjected to erosion.

The facts above cited have convinced the writer that the coal-
bearing formation is younger than the Cantwell, although the case
can not be considered as conclusively proved until the two formations
are found in direct contact or until a distinction is recognized between
the floras which they contain. If his conclusions, based on structural,
stratigraphic, and lithologic grounds, prove to be correct, then the

" assemblage of fossil plants that have hitherto been referred to the

Kenai must have a wider stratigraphic range than has been sup-
posed, and the rocks containing them must vary widely in lithology,
deformation, and age.

NENANA GRAVEL.
OHARACTER AND DISTRIBUTION. e

The term Nenana gravel was first used by Capps? to deagnate a
series of elevated gravels that reaches a widespread development on
the north flank of the Alaska Range and is well exposed on both
sides of Nenana River near the mouths of Hoseanna (Lignite),
Healy, and Dry creeks. These gravels were first studied by Brooks
and Prindle in 1902, were regarded as of glacial origin, and were
erouped with the other Pleistocene deposits on the geologic map.?
Prindle again visited the Bonnifield and Xantishna regions in 1906,
and although he published no geologic map he added much to our
knowledge of the distribution and stratigraphy of the various geo-
logic formations. His study of the elevated gravels there, which led
him to & different conclusion as to their age, is discussed on page 54.
In 1910 Capps studied the gravels in the Bonnifield region, outlined -
the areas in which they occur. and arrived at the conclusion that
they are of Tertiary age. In the progress of the present investiga-
tion the Nenana gravel was encountered and more information was
eained in regard to its extent and stratigraphic relations. The

- study of the Nenana coal field by G. C. Martin ® and his associates,
also made in 1916, should givé much detailed information concern-

ing the relations of the Nenana gravel to the coal bea.rmg Tertlary
in that locality.

) t Capps, S. R, op. cit, pp. J0-3%
' L. ’ *Brooks, A. H., op. cit., pl. 9. K NI
feef LY 8Y, 8, Geol, Burvey Beil 664 (ln vm» e
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The £ #ork done by the geologists cited above has furnished .
" outlines of the areas -occupied by these high-level gravels between ;3™
“the Kantishna Hills on the west and Delta River on the east. East -
of Nenans River they occur as irregular patches bordered by older’ .

rocks, as scattered gravel capping ridges from which most of the
deposit has been removed by erosion, and as extensive areas forming
prominent ridges and ranges.of hills. West of the Nenana they

reach their greatest extent between that stream and the East Fork

of Tollat River, where they form a conspicuous range of foothills.
(See Pl. XVI1.) Less extensive areas were mapped on Sanctuary
River above its lower canyon. near the mouth of Savage Fork, and
on Glacier Creek in the Kantishra mining district. On the geologic
map (Pl II, in pocket) they lave been shown only where their
character is evident and where they are not covered by later
materials. In the area of their greatest extent, west of Dry Creel,
they dip northward beneath the vounger gravels and may be con-
tinuous beneath the surface witl: the grzvels shown near the mouth
of Savage Fork, and possibly occur in large areas along the whoie
depression extending from Nenana River to the Kantishna Hills.
They probably also occur in the area north of the northernmost
range of foothills and may even occupy the surface in parts of that
area. No opportunity was available for a careful study of that part
of the field. Furthermore, these gravels may be present in the lovw-
land of upper Kantishna River, although they have not been differ-
entiated there. L

The Nenana gravel comprises a thick series of unconsolidated or
only loosely cemented material consisting in large part of beds of
rather coarse, well-rounded gravel. with only a minor amount of
sand. Most of the pebbles are small, ranging from 1 inch to 8 inches
in diameter, but cobbles a foot in diameter were seen. In one well-
exposed section on Dry Creek about 5 per cent of the bluff was com-
posed of thin beds of sand. The pebbles include many kinds of
rock, among which the commonest are quartz, quartzite, schist, and
conglomerate, as well as many kinds of igneous material. All these
rocks occur in the Alaska Range, to the south, and the gravels were no
doubt derived from the main range. At some places the gravels are
sufficiently indurated to stand in steep cliffs, but on weathering the
sand matrix crumbles and frees the pebbles. A characteristic fea-
ture of the Nenana gravel is its yellow or buff color, which distin-
guishes it sharply from most of the more recent gravels, This color
is due to the oxidation of iron-bearing minerals in the sandy matrix
and in the pebbles and indicates that the deposit is older than the
blue and gray unoxidized gravels of the present stream valleys.

The topographic features formed by erosion on the gravel deposits

are generally smoothly rounded, and throughout most of the area
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,have given the hﬂls their smooth outhnes.
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in which they pccur the gravels are 5o deeply .cove. .. by loose sur-
face material and-by vegetation that their structure can not-be made
out. . Only where vigorous streams-have cut into the gravel hills and
formed bare bluffs-can sections showing the character and struc-
ture of the beds be found. The present topocrraphy is due in part
to the structure of the material, but the readiness with which the
gravels break down and the absence of any hard resistant - beds

.
"ETRUCTURE.

“The charact,er and composmon of the gravel beds indicate that
they were laid down by streams. They show the same arrangement
of material, lack of complete assortment, and lenses and thin beds
of sand that are seen in the stream gravels now being deposited
along the larger streams, and they include no well-stratified and
assorted silts and sands such as are commonly formed in bodies of
standing water. This -gravel series was probably laid down by
streams flowing northward from the mountains, after thex had been
rejuvenated and steepened by the uplift of the mountain mass. The
steepened streams, able to carry more and coarser material than
formerly, removed large quantities of rock from the mountains,

" rounded and shaped that material as it was carried northward, and

deposited it at the edge of the lowland as a great, compound allu-
vial fan, the deposits of each stream spreading laterally along the
slopes to join those of its neighbors to the east and west.

Since the gravels were laid down the mountain-building pro-
cesses have continued, and the gravels themselves are locally tilted,
uplifted, and faulted. The hills extending from lower Dry Creek
to Sushana Rliver exhibit monoclinal dips to the north as great as
12°. On their south edge the gravels are cut off, apparentiy. by 2
fault; to the north they dip beneath the vounger deposits. In the
valley of Glacier Creek the beds at the single exposure where they
were studied also dip northward, and this is the prevailing dip in
the Nenana coal field where the gravels, which apparently lie con-
formably upon the Tertlary coal-bearing formation, dip 10° to
15° N. Similar structural relations have been found east of Nenana
River, where the Nenana gravel in gencral shows deformation in
about equal degree with the associated coal-bearing sediments.

THICENESE,

The most complete section of the gravel that has been measured is
that on lJower Healy Creek, where Prindle? found it about 2,00C
feet thick, lying in apparent conformity upon the coal-bearing for-

31T. B, Geol. Burvey Bull. 501, fig. 3, p. b8, 1012,  °
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. mation. ... writer? esmmated that its thickness was even greate:- .
on Gold King Creek, though the exposures there- were too poor

to permit exact measurements. On lower Dry Creek & steep, bare
bluff shows above 700 feet of uniform oxidized gravels. An estimate

of the thickness of the formation at the hich ridge north of the Dry - :

Creel-Ewe Creek divide. 1n which the vertical thickness and the dip
of the beds were taken into account, indicates a thiclmess perpen-
dicular to the bedding of about 1,600 feet. The gravel reaches its
createst thickness on this ridge. At other places it is thinner, either
because of erosion of part of it or because it did mot accumulate
there so abundantly as at the other places mentioned. If it was de-
posited in the way already described, it must originally have varied
greatly in thickness from place to place, owing to the unevenness of
the surface upon which it was laid down and to the natural thinning
of the alluvial fans toward their borders. At present the gravel
ranges from a deposit having the maximum thickness noted, 2,000
feet, to a thin laver or even to scattered pehbles on the ridges from
which all but & remnant of the formation has been removed. '

AGY AXD CORRELATION.

The age of the Nenana gravel is still somewhat uncertain.. No fos-
sils. either plants or other organisms, have been found in it. and
any conclusions as to its age must be based upon its stratigraphie
relations-to other formations and upon its physiographic position,
general structure. and resemblance to other formations of less-doubt-

ful age. As first mapped by Brooks? it was grouped ‘with the

Quaternary deposits. and was considered Pleistocene. Prindle® and
Cupps.* both of whom studied the gravel in the Bonnifield region,
observed that in many places it apparently lies conformably upon
the coal-bearing formatior, and that in those places the -gravel has
been deformed mn equal degree with the coal-bearing formation. The
imperfect exposures of tne two formations west of Nenana.River
also indicate a general parallelism of bedding between the gravel
and the coal-bearing sediments. On the other hand, near Wood
River, in the Bonmneld region, the gravel is little deformed, and
lies unconformably upon tie steeply dipping coal-measures, so that
at least s part of the gravel is much younger than the coal-bearing
formation. The apparent anomalies in different parts of the field
arc best explained by considering the physical conditions in the

region when the gravel deposition began. The laying down of the

3 Capps, B.R., op. dt, p. 32
. ®*Brooks, A. K., op. cit, pp. 108-109,
tPrindle, L. M., The Bonnlfield and Eantighna n:zions U 8. Geol, Bunqy .Bull Jli,
‘p. T22. 1907, '
" ¢Capps, B. I, op cit, pp. X2-T4.
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bea.mng series was terminated by.an uplift of the Alaska Range,

- . 'whlch caused the steepened streams to discharge coarse material over
areas that had before received only silts, sands, and fine gravels.

The uplift was probably not everywhere equal, so that in one place
coarse gravels may have been laid down conformably upon the coal-

" bearing formation, while elsewhere that formation remained uncov-

ered. As the coal-bearing formation also became Involved in the
uplift its beds may here and there have been tilted and eroded and
later unconformably covered with gravel. Therefore conformity
between the two formations might exist at one place, whereas they
might be in unconformable contact at another place not far distant.

In studying the relations of the two formations it is necessary tc
bear in mind the fact that gravel beds composed of material derived
from the Nenana gravel may so ciosely resemble it in color and com-
position that the two can be distinguished only with great difficulty
This difiiculty was experienced at many places along the east side
of Nenana River, below Hoseanna Creek, where the Nenana grave
forms an important element of the east valley wall. There reworkec
gravels, obviously derived from the Nenana gravel of the siope above

“form terraces along the valley side and should be correlated with

much younger terraces than those formed of the Nenana grave
which they so closely resemble. At some places the reworked ma-
terials lie upon the Nenana gravel, and their later age can be deter
mined only in those rare exposures which exhibit the structure o3
both classes of material. Such reworked materials also lie .uncon-

~ {ormably upon the coal-bearing sediments, and unless their true char-

ucter 1s recognized they give the impression that the section show:
an unconformity between the Nenana gravel and the coal-bearing
formation. The actual relations between the Nenana gravel and the
coal-bearing formation can be determined only by careful studz. 1
which a keen discrimination is made between undisturbed Nenan:
gravel and the closely similar but reworiked and much younger ter
race materials derived from them. 4

The determination of the time at which the deposition of the gravel:
ceased is also difficult. Brooks considered them Pleistocenc, suppos
ing that they werelaid down by flood waters during the retreat of te
Plelsbocene glaciers. It now seems certain, however, that during the
last great ice advance the glaciers moved down valleys that hac
already been deeply eroded in the Nenana gravel. The ferminus of
the Nenana Glacier at its maximum stand during the last glacia:
stage stood at the mouth of Dry Creek, where a distinct terminuj
moraine was deposited.. No evidence of glaciation of that stage was
observed below Dry Creek. As the Nenana gravel had been uplifted
snd deeply eroded before that ice advance it is certainly older than
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that stagc. Our kmowledge of the- glacial history of Alaslm"befom P .".:

the last great ice advance is scanty, but Jocally there have been- ut
least two glacial stages,' one much earlier than the other, and there

may have been several. Thick deposits of glacial till and tillite-are . -

found in the valley of White River, near the international boundary,
and the conditions that caused successive glacial stages there no doubt
affected other parts of Alaska also. In 1910:the writer ? noted large
boulders on the top of the Nenana gravel, near Hoseanna Creek, and
in the valley of Gold King Creek, and though he could not explain
their presence he expressed doubt as to their glacial origin, for they
lay high above the limits reached by ice during the last glacial ad-
" vance. At that time an earlier stage of glaciation in Alaska had not
been recognized. Similar boulders were observed in 1916 on the top
of the Nenana gravel hills near Savage River. In that year G.
C. Martin and hls associates found many such boulders on the high
ridge between Totatlanika basin and Nenana River, and they con-
sider them as of glacial origin. If so they represent a glacial ad-
vance that antedated by a long period the last ice advance, and were
placed in their present position by a glacier much larger than the last

one, if the ridge on which they lie has not been uplifted since they

were dropped there. Although the establishment of a glacial origin
for these boulders will modify the previous conclusions as to the
maximum extent of the glacial ice, it does not prove the glaciofluvial
origin of the Nenana gravel. All the boulders observed lie on the
top of the Nenana gravel, which must have been present before the
ice advanced to it, in order to receive glacial boulders on its surface.
The physiographic development of the gravel, which, after its uplift
and tilting, was eroded into mature topographic forms, with deep
intersecting valleys, indicates a considerable age for the gravel, as
does also its thorough oxidation. The apparent stratigraphic con-
formity of the gravel with the coal-bearing formation, where both
have been steepl}, tilted and deformed qlso points to a smnlar age
for both formations.

To summarize briefly, the Nenana gravel, as studied over a long
belt along the north flank of the Alaska Range, appears to be
cenerally conformable with the coal-bearing formation; though
Jocally unconformities appear. Its deformation, advanced oxidation,
and mature topographic forms indicate that it is of considerable
age. It is certainly much older than the deposits of the last stage
of glaciation which lie in valleys deeply eroded into the gravel.
Boulders, apparently glacial, lie on its surface high above the limits

3 Capps, 5. R., The Chisana-White River district, Alagkn: T. 8. Geol..Survey Bull. 630,
pp. 6367, 1916,

* Capps, 8. R., The Bonnlndd region, Alaska: U. 8. Geol. Survey Bull 501, pp. 33-34,
1012,
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reached by the last g.réa-‘t‘.glsciem,but those boulders have been seen

only on the surface of the gravel and not interbedded in it.... .. .
- Any determination of the age of the Nenans gravel can be only.
tentative. It is younger than the Tertiary coal-bearing formation
and much older than the last glacial deposxts:' The writer is in-
chned to classn"y it as Tertiary. o

IGNEOUS ROCES. - '

Igneous rocks are found in all the formations discussed in -this

"report, from the Paleozoic Birch Creek schist to the Tertiary coal-

bearing formation. and a microscopic study of them in thin section
was made by R. M. Overbeck.- They have almost as wide a range
in age as the sedimentary rocks. Thus the Birch Creek schist con-
tains basic greenstones that were apparently lava flows extruded
upon and interbedded with the water-laid sediments of which the
formation is largely composed. If the greenstones are actually inter-
bedded with the sediments, they are of course of the same age. The
Tatina group. although cut by intrusive rocks, is comparatively free
from igneous material. The Tonzona group, though dominantly
sedimentary, contains some metamorphic rocks of igneous origin, and
the Totatlanika rocks are composed predominantly of metamor-
phosed igneous materials.

A series of greenstone flows, apparently at least 2,000 feet thick,
appears beneath the Cantwell sediment in the upper Toklat basin.
The beds are prevallingly dark-green, brown, or deep purple, are
commonly amygdular, and in some flows show ellipsoidal structure.
These characteristics indicate that the greenstones were poured out
as lava flows on the surface, or perhaps in part beneath water. The
section studied contained little interbedded sedimentary material
‘and no fossils. The only stratigraphic relation that could be made
out was that the greenstones appear to lie unconformably beneath
the Cantwell and are therefore pre-Tertiary. Although conclusive
evidence of their age has not been found in this region, the sugges-
tion is made that they may be late Paleozoic or early Mesozoic. In
the Broad Pass region Moffit? found similar greenstones that he
tentatively classified as Triassic. At the headwaters of White River
n similar group of lavas seems to be transitional between the
Paleozoic and Mesozoic.? Lavas that seem to be a continuation of
those in the Chisana-White River district have been mapped in the
Nizina district® as the Nikolai greenstone, where they lic conform-

- 1 Momit, T. H., The Broad Pus region, Alaska: U. 8, Geol. SBurvey Bull, 008, pp. 26-28,
1910,

# Capps, 8. R., The Chiuna “White River district, Alaska: U. 8. Geol. Bm'vey Bull. €30,
p. 47, 1916.

s Momt, F. I, and Capps 8 ll Gcology and minersl mources of tho Mmm dlsmct
Alun U. 8. Geol, Buncy Buu. 448, p. 63, 1911,
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. ably ket ¢ the Triassic Chitistone limestone and were considered.
. Triassic o« pre -Trisssic. Similar amygdaloidal greanswnas, either
-of upper Paleozoic ar lower Mesozoic age, are found in-other parts
of Alaska, so that during one of those periods lavas. of that type
were poured out over wide saress-in Alaska. In the absence of
definite evidence from the Kantishna region the age of the -green-
stones of the upper Toklat basin must remain undetermined for
the present and their correlation with the late Paleozoic or early
Mesozoic greenstones of other parts of the tembory must be con-
sidered as a suggestion only.

The occurrence of rhyolite, a.ndesxte, and dlabase lavas in both the
Cantwell and the coal- bearmg Tertiary beds has already been men-
tioned, and those flows in the coal-bearing beds apparently represent
the latest volcanic outbursts in this region.

Dikes and sills of granular intrusive rocks, including dmbase and
andesite and rhyohte porphyries, cut all the formations up to and
including the coal-bearing, Tertiary beds. In the vicinity of the
Kantishna mines larger masses of granitic materials, including
quartz porphyry containing abundant orthoclase, cut the Birch Creek
schist, and in" the vicinity of Muldrow Glacier, south of the area
shown onthe accompanying map (Pl I), there are considerable areas
of andesite, of dacite and rhyolite porphyry,-and of granodiorite.
These granitic materials are presumably related to the intrusion of
large masses of granitic rocks within the Alaska Range—intrusious
that have been generally considered to be of Jurassic age.

QUATERNARY DEPOSITS AND HISTORY,
PREGLACIAL COI\DITIONB

The uplift of the Alaska Range, which begzm in early Tertiary
time, proceeded intermittently. After the first elevation the coarse,
stream-laid materials that comprise the Cantwell formation were
laid down. This elevation was followed by a period of quiescence,
during which the finer coal-bearing sediments and the vegetation
that later became lignite cozl accumulated. Another uplift caused
the steepened streams to bring down the Nenana gravel. The con-
tinued growth of the mountains then began to spread northward and
involved the area now included in the foothills. TFaulting and fold-
ing elevated the foothills belt, and the vigorous northward-flowing
streams began to intrench themselves in the easily eroded Nenana
gravel, in the coal formation, and in the ridges of bard rock that
crossed their courses. As these soft materials yi€lded to stream

et
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cutting much more rapidly than the hard rocks the basin be-

tween the rock ridges were widened and deepened while the streams
“were engaged in their long task of cutting canyons through the

“rock ridges. The valleys lying within the Tertiary unconsolidated

t
i
1

sediments .thus renched & -mature vtope«'raphy wh;le i
the sclusts a.nd gneisses were stiil young -
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OLUER GLACIATION, '
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At the beginning of Pleistocene time a change of climate occurred,
Involving an increase In precipitation and perhaps also 2 colder mean
annual temperature, so that areas in the high mountains received
more snow each winter than melted during the succeeding summer.
This continued year after vear; the snow banks enlarged and joined,
and valley glaciers were formed. At first glaciers could exist only
at the heads of valleys in the high mountains, but as the process con-
tinued many ice tongues, converging from the headwaters of the
streams, joined to form great valley glaciers that extended downward
toward the flanks of the mountains.

Our knowledge of the events of early glacial time in Alaska is
meager. In the northern part of the United States and in Canada
there were a number of glacial advances, separated by long periods
oi time, during which the ice edge withdrew to the north; but the
evidénce for Alaska is not so complete. The last great stage of gla-
ciation In Alaska was without much doubt contemporaneous with
the last or late Wisconsin continemtal glaciation! but the earlier
stames of Alaska glaciation have not vet been correiated with those
that occurred in the central part of the continent. Indeed, it i1s only
within the last few years that positive evidence of more than one
stage of glaciation in Alaska has been found. In 1891 Russell®
oheerved on the southern slopes of dount St. Elias some elevated
marine deposits contaming boulders that he believed to be of glacial
orioin. MMaddren® in 1913 studied tire same deposits and agreed
with Russell in assigning to the boulders a glacial origin. In 1914
the writer * found a thick series of deformed beds of glacial till and
tillite and associated outwash gravels in the upper basin of White
Tliver, the whole series being undoubtedly much older than the de-
posits Jaid down by the glaciers during their last great advance.
The last glacial stage was correlated rather definitely with the late
Tisconsin stage of continental glaciation. In 1910° the writer also
observed Tnany large boulders on the surface of the Nenana gravel

1 Capps. S. I, The Chisana-White River district, Aisska: U. B. Geol. Burvey Bull. &g,
pp 6«75, 1916.

= jtumsell, 1. C., An expedition to dount Bt. Elias: Nat. Geog. Mag., vol. 3, pp. 170~173,
1890 ; Hecond expedition ro Moynt 8t. Llws, to 1891 : U. & Geol burver Thirteenth Anm,
Lispt., Pl 2, po. 2420, 1883,

3¥nddren, A. G., Mineral deposits of the Ynlutagn district: T. S Geol. Burrvey Boll,
£92, pp. 131122, 1914
. %Capps, 5 B, The Cuummaha' Qistrict, Alaska: 0. 8 ‘Geol SBurvey Bull 630,
pp. 6-73, 191C.
% Capps, 8. B., The Benxifield region, Alaske ;: U, B Geol. Burvey Bull 301, pp. 83334,

1912,
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" near Nenana uiver, and, although he considered the ;possibility of

their glacial origin, he was-at that time inclined:to doubt that they
had been brought to their present position by glacial ice, as they lay.

high above the clevation reached by the glaciers during their last
great advance. In 1916 similar boulders were found on top of the

Nenana gravel near Savage River. and G. C. Martin and his associ-

ates, while studying the Nenana coal field, reached the conclusion
that the boulders there are ceruainly of "lacml origin. Thus evi-
dence is accumulating that there have bean recurrent glacial stages

in Alaska, separated by long intervals during which the ice retreated.

In the basin of Nenana River the evidence furnished by the large
erratic boulders indicates that at one time an ice tongue pushed down
that stream to the north edge of the foothills, and that at the mouth
of Hoseanna Creek its surface stood at an clevation of at Jeast 5 3,800
feet, or 2,600 feet above the present level of Nenana River, near by.
An even greater elevation of the ice surface is indicated by boulders
on the Nenana gravel ridge east of Savaze River and north of the
Ewe Creek-Dry Creek divide, where they were found at a height of
3.980 feet. These figures are based on the conclusion reached by
Martin that the boulders are giacial, and on the assumption that no
uplift of the gravel hills has occurred since the boulders were
dropped, an assumption concerning which we have at present no evi-
dence, either for or against. Farther west. in the upper basin of
~ Moose Creék, erratic boulders occur in positions along Moose Creelk

itself and in the valleys of its tributaries, Eureka and Eldorado
creeks, that show the former presence of izc to a considerable eleva-
tion, Those boulders, however,- may have been laid down by the
greatly expanded Muldrow Glacler at the time of the last ice extcn-
sion. Llsewhere in the region no evidence of a glacial stage earlier
than the last notable one has been obtained.

ADVANCE OTF THE LAST GREAT GLACIERS,

No matter how many major glacial advances there have been in
this region, it is known that before the last glacial stage began a iong
“time elapsed during which there were no large glaciers in the main
mountain valleys, and that the normal processes of weathering and

stream erosion Were in operation throughout this area. With g re-

newal of climatic conditions favorable for ice accumulation, howerer,
the icc tongues began once more to grow and to push northward
down the stream valleys. In advancing over a country long bared to
the action of atmospheric agencies they encountered great quantities

of soil, talus, and stream gravels which they picked up and carried
northward. As the glaciers removed the surface materials, the rock- .

filled ice moved over fresh rock, which it ground down and from

o _GEOLOGY“,‘ - -y - . ui

which it p]ucked out great blocks of ‘rock. By th;,;e—proccaags which
were in operation for & long time, the irregularities of the valley

“walls and bed ‘were removed, and broad glacial troughs, now so char-
'ﬂCtC!’le.lC of the mountam valleys were formed. T -
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“As already statcd, glacml boulders and beds mdlcnte that durmw
an earlier glacial stage ice advanced down the valley of Nenana
River as far as the north front of the foothills. Similarly, in the
valley of upper Moose Creek and near the mouth of Clearwater Fork
of Tolklat River there are erratic boulders that suggest the former
presence of ice, but in those places the outer limits reached by the
last great glaciers have not been accurately determined, and the
boulders may have been deposited during the final advance of the ice.

During their last advance the glaciers of the Alaska Range left
moraines that show definitely the farthest northern position they
reached. Thus in the valley of Nenana River a distinct terminal
moraine extends to the mouth of Dry Creck, and below that point
there is no definite evidence of glaciation of that stage. Similarly,
in the valleys of Sanctuary and Teklanika rivers the outermost
recognizable terminal moraines lie north of the prominent eastward-
trending range of mountains composed of Birch Creek schist. (See
Pl. I1, in pocket.) In Toklat basin, likewise, the evidence indicates
that the mountain glaciers terminated within the mountain valleys
and failed to cross the high ridge of Birch Creek schist. In the
vicinity of Muldrow Glacier, however, there 1s every indication that
that ice tongue was formerly much expanded. It overrode the divide
into upper Moose Creek, filled the upper basin of that stream to a
considerable depth, and was flanked on the north by the Kantishna
Hills. Some of the ice from this glacier moved northward into the
basins of Stony River and Clearwater Fork of Toklat River, but the
main.outlet was westward along McKinley River. Some ice pushed
a-short distance northward through the upper canyon of McKinlev
River, but the main ice tongue is believed to have moved westward
into the valley of Birch Creek, west of the area here described. Ex-
tensive morainal deposits were laid down in the upper basin of Boose
Creek and over the McKinley River-Moose Creek divide. (See Pl
I1, in pocket.) The exceptionally large size reached by Muldrow
Glacier at that time, in comparison with the much smaller glaciers
in the valleys to the east, is due to the altitude of the mountain slopes
that drain to it and to the size of the upper Muldrow basin. "That
glacier once received the ice from the north slope of the range, in its
highest part, for a distance extending eastward for more than 30

- miles.
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The limit reached by the glacial ice-inthe Ka.nt.xshnn region-durinéi — .

the last great stage of glaciation corresponds well with the outermost
moraines recognized in the Bonnifield region to the east? - Thus in

the valleys of Wood River, Little Delta River, Delta Creek, and

Delta River the ice tongues, as shown by their morainal deposits,

reached almost to the northern front of the mountains, if not a short
distance beyond. The glaciers that moved down -Nabesna and Chi-
sana River valleys, still farther east, ferminated -a short distance
bevond the border of the mountains. On the south slope of the
Alaska Range the situation was very difierent. The precipitation
on that slope was apparently much heavier than on the north or
inland slope, for the glaciers there were much larger than those in
the Yukon basin. At the ume of maximum glaciation the entire
basins of both Copper and Susitna rivers were occupied by glaciers.
The Susitma Glacier not only extended southward into the Cook
Inlet depression but was of sufiicient depth to send a northward-
flowing tongue through Broad Pass into the valley of Nenana River,
Similarly, the Copper River glacier overflowed northward through
the range into the valley of Delta River and through other passes
stll further exst. This dissimilaricy in the abundance of glacial ice
on opposite sides of the same range must have been due in large
measure ta the difference in precipitation on the two sides.

RETREAT QY TEE ICE.

After the glaciers had reached their greatest extension another -

change in cilinate, perhaps a decrease In precipitation, came about,
which was less favorable to the growth and support of the ice fields,
so that they began to shrink both in thickness and in ‘area. The
withdrawal of the ice tongues, like their advance, was not constant
but was marked by a2 number of oscillations; but as the supply of
snow in the mountains. on the whole, diminished, the sum of the
many minor advances, halts. and retreats was a corresponding dimi-
nution of the ice-covered area. This diminution continued until
many vallevs that had once contained large glaciers were free of ice
and such other glaciers as still persisted were greatly shrunken.

The present glaciers of the Alaska Range are remnants of Pleistocens

glaciers, and the ice withdrawal that marked the end of Pleistocene
time is believed to have brought about the retreat of the glaciers to
approximately the positions they now occupy. .

PREZEENRT GLACIERS.

" XNo important glaciers appear on the accompanj’ing ;ﬁap (PL.Lin -
pocket), for the area here discussed comprises only the northern spurs . .

1 Capps, S E., The BoouXield region, dlaska : U. 8. Geol. Barvey Byll. 801, pl. 2, 1912
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Range; it does not include the crest of the
smain Susitna-Tanana divide. Few mountains in this ares are high
enough to maintain perpetual snows. Farther south, along the crest
of the mountain range, glaciers are still found in the heads of nearly
all the valleys. Between Nenana River and Muldrow Glacier the
mountains are of only-moderate height, and the northward-flowing
glaciers are small, the largest being only a few miles long. Farther
west, toward the higher peaks of the range, the glaciers are larger.
Muldrow Glacier, which stands near the head of Moose Creek, at t'hc
.southern border of the area mapped, is the largest glacier that drains
the inland front of the Alaska Range. Heading near the very siin-
it of Mount McKinley, it flows northeast, then north, and then
wwest, and emerges from the mountains at the head of McKinley
River, having a total length of 39 miles. :

GLACIAL DEPOEITS.

Although deposits of morainal material are widely distributed
throughout the area covered by the glaciers during their last great
advance they are in most places hidden by vegetation and are incon-
spicuous. At a few places there are readily recognizable terminal
moraines, which mark the outermost stand of the ice during its last
period of expansion. Onpe such moraine lies on the west side f’f
Nenana River just above the mouth of Dry Creek. (See Pl I1. in
pocket.) Its surface, like that of most other moraines, is hummoclfy
and irregular, and the larger depressions in it are occupied by ponds
and lakelets. It is so overgrown with moss and brush that it affords
little opportunity for a study of the materials of which it is com-
posed. Another terminal moraine, in the upper valley of Sanctuary
River. is formed of two crescentic ridges that converge downstream
and are separated from one another by the flat over which the
present stream flows. A similar terminal moraine may be recog-
nized on Teklaniku River, where the ice advanced about as far as It
did on Sanctuary River. A broad basin in the upper valley of East
Fork of Toklat River is floored with morainal materials that show
no distinctive glacial topography, but the northernmost stand of
the ice in that basin and in the valley of Toklat River is not accu-
ratelv known, for no terminal moraines were observed. Glacial
materials and evidences of glacial erosion were seen in both valleys
s far downstream as the canyons through the ridge of Birch Creek
schist, but the canyons were apparently not glaciated, and the north-
ward-moving ice in the valleys probably extended no farther t_han
the canvons. A large area north and northwest of the terminus
of Muldrow Glacier. occupyving the upper basin of Moose Creek and
extending into the basin of Stony Creek, is covered with glacial
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moraine and outwash cravels. - The area i_s-ohe -of sﬁmoothﬁlépm.gnd -
flat-topped ridges,-which are so-well covered-with vegetation-that -.
good- exposures-are rare: - Qutcrops of hard rock-are-lacking,-buf . ..

cravels and -a few erratic boulders scattered over the surface indi-
cate that at least the surficial deposits are glacial. - .-+ = -

T. 7 .. TERBACE GRAVELS. .. . .. " .7

Largé-nre‘as in the Tanana lowland and in thebasms 'bett;eexi the

foothill ranges are covered with stream-laid gravels that are related ™
to the present topography but that lie above the level reached by the

present streams, even when they are at flood stage. These gravels
iorm terraces along the stream valleys and occupy the interstream
areas in those basins that lie between the foothill ranges and
in the great Jowland north and northwest of the foothills. (See PL
XVII.) » The term “terrace gravels” has been applied to all ma-
terial of this class. to distinguish it from the much older and gener-
ally deformed Nenana gravel and from the deposits of the present
streams. _

The terrace gravels are stream laid, and resemble the deposits of

the present streams in composition, structure, and degree of assort-

ment. They consist primarily of well-rounded gravels, varying con-
siderably in coarseness from place to place, intermingled with which
are considerable sand and silt, both as an interstitial filling between
the pebbles and in irregular beds and lenses. In general the terrace
gravels are undeformed, and their surface slopes are the slopes of
deposition, somewhat modified by subsequent erosion. Their topo-
graphic position indicates that they were laid down by streams that
followed in a general way the courses of the present drainage lines,
but they have been left in their present elevated positions by the
Jowering of the adjacent stream valleys through normal stream ero-
sion, The terrace gravels are commonly little oxidized; they main-
tain thelir original grayish color and thus contrast sharply with the
thoroughly oxidized and yellow Tertiary gravels. In most exposures
cxamined they are not very thick, though they range from 2 or 3
feet to 20 feet or more, but they cover wide areas to a depth suffi-
cient to hide the underlving deposits. Their surface is commonly
covered with vegetation. I.ocally the character of the terrace gravels
is strongly influenced by the character of near-by materials from
which they were originally derived. Thus, along the east bank of
XNenana River many deposits were seen that,-as shown by their
physiographic position and form, obviously belong with the terrace
gravels, but that were composed of oxidized and yellow materials

closely resembling in appearance the Nenana gravel. In those places -

the distinction must be based on the physiographic evidence, for the

.
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“terrace gravels-there have been derivéd- wholly oriin-lay_  .rt from
‘near-by ridges of Nenana gravel and retain the oxidized character

" ::0f the ancestral deposit but have takenZon the- physwgrapluc form
-of the much younger terrace materiglgi-i7 s’ o tie e

The general vphysxcal -condition’ and form-of the'terrace -gmvels,
their resemblance to similar materials in the Bonnifield region, and
‘their-relations to the glacial morainés indicate that in part at Jeast
they are composed of outwash materials-laid down beyond the ice
border at the time of the last great ice advance. At some places they
consist -of material brought from a distance by streams. At others
they are composed largely of materidl of Jocal derivation that has
been rehandled and reshaped into new physiographic forms but
‘moved no great distance from its source.

The :fact that in a single stream valley there may be a series of ter-
Taces, one above the other, shows conclusively that the materials com-
‘posing those terraces vary considerably in age, the lowest being-the
voungest and the highest the oldest. Such stream terraces have prob-
ably been continuously in process of formation froni glacial time
until the present, and the terrace gravels therefore range in age from
Pleistocene to Recent. Placer rrold has been found in encouraging
amounts at several places in the terrace gravels, and at one place
= considerable amount -has been recovered by mining. The so-called
“benches ™ on Moose, Glacier, and Caribou crecks are auriferous. and
it 1s possible that the terrace gravels may at some time be extensively
mined.

PRESENT STREAM GRAVELS,

The gravel deposits of the present streams have been Jaid down
under conditions essentially like those that now exist in the region.
In this class are included only gravels that occupy the flood plains
of the present streams and that may be overflowed in periods of high
water. As a result of their method of formation the stream gravels
appear on the map (PL II, in pocket) as Jong, narrow bands follow-
ing the windings of the strcam valleys. These deposits are really
continuous, but at places where there are narrow rock canvons the
streams may entirely cover the valley floor, or the stream deposits
may appear only as patches too small to be shown on a map of this
scale.

The width of the belt of gravels along any stream depends in large
measure upon the size of the stream, the shape of the vallev floor, and
the amount of material that the stream carries in suspension. Most of
the streams that are fed mainly by water from melting glaciers are
heavily loaded with detritus and flow -in many branching channels
over wide gravel flats, Nenana aud Toklat rivers are of thls type.

80549°—19-——35 -



_water have in general only narrow flood plains. -
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fed.and that.flow clear
Bearpaw River and

its tributaries are of this type, although, as shown on Plate I, the
stream gravels have been mapped to include the mc:l.nders of -the
stream and are therefore wider than the.actnal ﬂoo@ plain.. -

Along any single stream the gravels are coarsest in the high moun-
tains. where the stream is confined in.a narrow valley and has & high
gmdknt.-nnd become progressively finer with increasing dls?ancc from
the mountains.. Thus Toklat River above Chitsia Mountain and for
some distance north of it has in general 2 wide-floored valley of
oravels. over which the heavily loaded stream flows in many branch-
3 ing channels. “Farther north, as the gradient

ing and constantly shifu he .
oarser materials, carries
becomes more gentle, the stream drops the ¢ :

mainly sand and silt, and flows in 2 single channel between steep gilt
banks. Bearpaw River, by contrast, flows clear water, is little 1n-
clined to anastomose. has only a narrow flood plain, and meanders
deviously between steep banks of sand and silt.

Thc;stryeam._s.of this area that-are not.glacier-

. SOIL FLOWS,

Stream erosion in the higher mountains in this region, as in all
well-watered regions of high relief, is vigorous. :md the streams aro
engaged in shaping the surface by the rapid erosion of ‘.l-m
-side oulches, where vegetation is sparse. and hy their
attacks upon the valley wallsas they cut laterally. Inthe foothills and
the intervening basins, however, where the slopes are more gentle., and
where the lower clevation is more favorable to the growth of vegeta-
tion, a group of subarctic plants, including sphagnum and other
mosses, many ‘varieties of grasses, and Jow shrubs have formed a
tough mat of vegetation over the surface that cﬂ‘ec‘tuaﬂy reta?ds the
removal of rock waste by streams. TFurthermore, 1n this region the
cround remains permanently frozen a short distance below the sur-
face, especially in places where the surface cover of plants a'ﬁ“ords
cfiective insulation from summer melting. so that stream cutting 1<
thus further retarded by frozen ground. As_the matlike cover of
turf and moss prevents the streams from attalenng the frozen groun(:i,
the products of disintegration and W?athermg are removed by sc'nl
creep. or soil flow. Many types of soil ﬂo.w.or of rock-waste move-
ment have been recogmized, varying in activity from ln‘ndshd'es and
sudden flows of soil and mud to soil creep and ﬁf)wagg, in which :thc
movement is much too slow to be visible but Wh}ch gives surprising
results in the amount of transportation accomphshed.. In the K_an-
tishna region both types of soil movc}nexlt are in operation. At n(;::in_v
places great scars appear on the h?]lsxdos——scars formgd by thclz‘s;x en
breaking of the turf and the rapid downward flow of large volumes

actively
steep, mountain
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of mud, rock fragments,.and turf, which, being suddenly released,
moved to a position of equilibrium .in the nearest valley bottom.
About 2.dozen-such mud flows, which.had evidently moved - only a
few weeks before the region was visited, were observed, and a few of
these were s0 recent that the surface mud had not begun to dry. The
flows ranged in.length from 100 to 500 feet and generally showed an
expanded, spatulate form-at the upper end of the break and a con-
fused piling up of materials in the valley bottom, with a lobelike ex-
tension downstream.'.. At many places the flows had dammed small
vallevs-to a depth of 8 or 10 feet above the previous level of the
streams. .An examination of one very recent flow showed that the
soil and vegetable matter, locally called “ muck,” were saturated with
water, and that all the material above the level of ground frost, a
distance of 8 or 4 feet below the surface, had moved. The material
from the upper end of the scar had slipped along the surface of the
ground-frost level. In the neighborhood of the recent flows, and in
fact throughout the entire region, countless similar scars on the hill-
side, now overgrown by a new cover of vegetation, show the process
has long been in operation and that the aggregate amount of material
moved in this way is very great.

The physics of these sudden soil flows are not well known; they
offer an interesting and almosé new problem for the investigator.
The controlling factors, however, are Lelieved to be siope, vegetative
cover, water content, and temperature. Vegetation quitkly estab-
lishes itself on any favorable slope and, by forming a tenacious

. fibrous mat, almost completely inhibits the removal of loose material

by surface waters. The insulation afforded by the vegetation also
favors the permanent freezing of the ground to a level within a short
distance from the surface. During the summer, when melting lowers
the ground-frost level, frost action and physical disintegration, ac-
companied by chemical decay, bring about the accumulation of soils
and fragmental rock materials. At the same time the accumulation
of vegetation and the trapping of wind-blown material by the vege-
tation build up a layer of wind-blown materials. . This mass is
saturated with water, and the intermittent growth and melting of
ice crystals within the mass makes it very porous. During the long,
warm days of spring and early summer the surface portion of this
mass thaws, and the melting snows supply abundant water to satu-
rate the whole layer of thawed material. As the mass thaws it be-
comes semifiuid but is held in place by the feltlike cover of roots and
moss. ‘As thawing proceeds still further, the mass oi water-soaked
s0il may become too heavy for the vegetation to hold, and if so the
turf parts, releasing :a great -quantity of -mud and rock fragments,
with slabs of the overlying turf. This material moves down the slope

.
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-to the valley bottom, where it flattens 6ut,vana the-scar above is later .

NEERI R PR

-recovered by & new growth of plants:!*+" R

The slow type of soil lowage is in operation over large areas, nnd
though less spectacular than the sudden movements, it is actually in
the magnitude of its results a much more effective agent of transpor-
tation. o S e Coe S

The origin and action of the slow soil flows are much the same as
those of the sudden and violent flows. The mantle of residual soil,
fragmental rock, muck, and vegetation accumulate in the same way.,
The flows are large and numerous only in areas of permanently
frozen ground and the soil in motion consists only of the surficial
layer that thaws during the summer. The flows occur only in soil
having a large content of water. The types of slow soil flow, how-
cver, are numerous. On some high slopes, where the elevation is un-
favorable to the rapid growth of vegetation, soil flow may take place
uniformly over considerable areas, and the whole surface layer may
‘move downward under the impulse of repeated freczings, the frost
heave accomplishing a slight forward movement each time the freez-
ing temperature is exceeded. In such areas the surface slopes are
smooth and rounded, and the active movement -of the soil may be

recognized by the arrangement of rock particles and of vegetation
-along the lines of downward movement. In general such flows bear
only. 2 scanty and incomplete cover of vegetation. A second type-of
slow soil flow, and one that produces in the aggregate a vast amount

_ of transportation, is in fact almost identical in operation with the

sudden flows described above, but in this type the turf is not com-
pletely ruptured. In these fiows the fairly steep surface slopes, the
mantle of soil and muck, the permanently frozen subsoil, the matted
plant cover, and the complete saturation with water are all present.
After the superficial laver of muck and soil has thawed the semi-
fiuid mass tends to sag down the hillside, stretching the turf into a -
flat, bulbous form. As the tur{ is tenacious and feltlike, howerver,
it stretches but does not break, and by the continued growth of the
surface plants its strength is maintained as the stretching proceeds.
In this way a hillside may be entirely covered by mammillary lobes,
closely grouped and constantly creeping downhill. The lobes vary
sreatly in size, ranging from small flows a few feet in height and
width at the front edge to large flows, 8 to 10 feet high, having a con-
tinuous scalloped front edge several hundred feet long. A single
hillside may show many small, separate Jobes and a few larger ones,
jormed by the coalescing of many smaller ones. One variety appears
as long, wavelike terraces, Successive waves appearing- one above

tbe other, the front of each wave lying along the hillside at a»nenﬂy -

uniform elevation. - - R R S iy
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#i. - Though several distinct types of soil flows have been'mentioned,
W there are gradgtional phases between the types. " Thus at one place
' - on the upper slope of a hill ‘there were lobate or mammillary flows;
! ‘farther’down the slope the turf was torn into irregular patches that
i had been separated from one another by the soil creep; and still far-
ther down much of the surface was free from vegetation, the move-
- ment was of nearly uniform:speed over the bare slope, and the rock.
particles and vegetation appeared in linear, ribbon-like bands. In
3 the mammillary or lobate flows the turf may be completely ruptured
v and produce a small sudden mud fiow similar in every respect except
size to the large sudden flows already described. (See Pl XV, A,
p. 47)) Co '
_* Soil flowage of all the slow types is effective on low slopes. The
sudden flows of mud were observed only on fairly steep hillsides, but
"the lobate and terrace-like fiows and the areas of uniform movement
on nearly bare surfaces occur on mild slopes, some of them as gentle
as 10°, ’
The downward How of soils, whether rapid or scarcely perceptible,
has a direct economic bearing upon the gold placer deposits at differ-
=ent places in the Kantishna Hills, and the effects of the flow may be
“seen in many valleys where mining is in progress. In the headward
“portions of the streams the vallevs are steep and narrow, and the
“creeks flow over flood plains that are little wider than the streams
themselves. Mining operations have disclosed the fact that in many
places flows of detritus containing muck, soil, and coarse talus have
moved down the valley sides and out upon the stream gravels, and
‘have buried the pay streak to a depth of many feet. Such ¢ slides,”
as they are Jocally called, have been encountered by miners on Lureka,
“Friday, Glacier; and Little Moose crecks. and on Little Moose Creek
a large mass of materizl, rendered unsiable by the excavation of the
_creek gravels at its base, flowed suddenly into the placer workings,
covering the sluice boxes, and filling the cut with a great mass of
talus-bearing mud. At some places the unusual depth of bedrock is
‘no doubt due to the influx of surface material from the valler sides,
"and many claims containing placer gold that are now unavailable for
mining would probably yield a profit if the overburden due to soil
‘flowage were absent. ' s
* Aninteresting example of the manner in which a small stream may
be rendered ineffective as an agent of erosion was observed in the
“valley of upper Stampede Creek, where at some places soil flows
have encroached so rapidly upon the stream bed that the creek has
“been unable to remove the material as fast'as it reached the valley
“bottom.” Even in stretches where the creek’ gradient is steep the
vegetation-covered banks bulge out from each side and have almost
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“ metin place, .ixbovc the stream, which flows in a bed ~only a f_cw.fect
‘wide between highi, overhanging banks. At.many points a slight ad-

‘vance of the two opposing banks would completely block the stream -

and force it to flow at a level several feet above its present, bed ; and
no doubt such an event has not been uncommon in the history of that

valley. : . s e
’ SUMMARY OF GEOLOGIC EISTORY. ™ "t v

i
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The various rock formations represonted in. the Kantishna region
have now been described, and their age and stratigraphic. relations
to one another have been discussed, as far as the information avail-
able warrants. From the character of the rocks, their degree of
metamorphism, their structure, and their interrelations, some of the
main events in the geologic history of the area may be almost cer-
{ainly inferred. Definite correlations of the older formations are,
however, unfortunatelr, not Tet made, for they contain few fossils,
which are so ecssential in determining the age of sedimentary forma-
tions. Furthermore, many pages of the record are missing, for long
periods of the earth’s history are unrepresented in this region by
yock formations. Severai such breaks that are net yet recognized
mav have occurred. The absence of sediments representing these
pcx:iods must be accounted for cither by assuming that the region was
during these times a land mass and so received no water-laid ma-
terial during these periods, or that beds were 1aid down but have since
been removed by erosion. TFortunately, some formations that are
missing here are represented in other parts of Alaska by sediments,

the study of which viclds information concerning the conditions

that prevailed when ther were depostted. o

The earliest event recorded in the rocks was the deposition, in pre-
Ordovician time, of a thick serics of sediments, including quartz
sands, shales, and a little limestone, with which were interbedded

some basic lava flows. After its deposition this whole assemblage
was closely folded and mectamorphosed and was elevated above the

curface of the waters, to be subjected for a long period—how long
we do not know—to subaerial weathering and erosion. These ma-
{erials now constitute the Birch Creek schist. The next event of
which we have a record consisted of the submergence of the Birch
Creel sediments and the laying down upon them, possibly in Ordo-
vician time, of a series of black shales and limestone—the Tatina
aroup. These sediments.were also folded and metamorphosed, up-

lifted, and eroded, and were later submerged and-covered, after a
period of uncertain length, by a serles of mudstones—the Tonzona -
group. The deposition of the Tonzona sediment was repeatedly - -
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‘terrupted by -great fiows of rhyolitic lavas, whicT;Tina:.J .completely
“.buried the sediments:and accumulated in great-thickness. Another
pertod of severe metamorphism followed which still further folded
-#nd sltered the.older sediments, and changed the Tonzona sediments
‘to slates, .2nd the rhyolite flows to gneisses, schists, and phyllitcs,
forming the TotaBanika schist. A Jlong gap in the record inter-
venes between the deposition of the Totatlanika lavas and the next
well-defined sedimentary formation. This gap includes the later
part .of the Paleozoic era and perhaps all of Mesozoic time. The
Kantishna region was probably not a land. mass during all of that

. very long time. In other parts of ‘Alaska -sediments and volcanic

‘materials, aggregating many thousands of feet in thickness, were laid
down during that time, and the Kantishna region also was at inter-
vals probably depressed beneath sea level and received.sediments.
and at other times ]lavas were outpoured upon its surface and igneous
rocks were intruded at depths within the erust. . The only scdiments
that have been recognized as apparently belonging te this period
‘are certain small areas of limestonc that may be of Mesozolr age and
the thick beds of basic lavas and greenstones that may be either late
Paleozoic or early Mesozoic. The granitic intrusive rocks thart are
~80 abundant in the main range south of this area and throughout
:many parts of Alaska were also intruded during middie Aesozoic
time, when-also the metamorphism of the Birch Creek schist. the
Tutina sediments, and the maierials of the Tonzona group and To-
tatlanika schist was continued until they had been converted almost

* to their present condition. -

Thick deposits of detrital material accumulated in this region
during the Tertiary period and it has apparently remained a land
mass since the beginning of that period, as there is no evidence of
its later submergence. Furthermore, it is believed that for a cou-
siderable period during late Mesozoic time the area now occupied by
the Alaska Range and the foothills to the north was above water

- and that during that time it was eroded by streams and reduced to a

region of low relief. An important geologic event that occurredl
during the closing stages of the Mesozoic era or at the beginning of
the Tertiary period was the uplift of a part of the Alaska KRange.
probably along its present axis. This movement was the first of a
series of uplifts that by their combined movements have given rise
to the runge that now contains the loftiest peak on the continent.
Mount McK.inley.' To what height the range rose during the first
upward movement we do not know, but certainly to an elevation high
enough to rejuvenate the streams so that they flowed over steep
gradients and handled coarse materials. The detritus thus removed
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by the strwams at first. consisted of coarse gravels, which were carried. -

to the flanks of the mountsains and there deposited .as widespread

gravel fans of low slopei As erosion in the mountains and deposi<'~

tion in the lowlands continued, the stream-laid -deposits -were ‘in=-
creased until accumulations several thousand - feet thick were.
formed. Gravel beds are present from the top to the bottom of this
material, the Cantwell formation, but its upper part contains a much
larger proportion of fine sandstones and shales and 'a smaller pro-
portion of gravels than the basal part, indicating that erosion had
already reduced the ruggedness of the mountains from which the
material came. The accumulation of detritus in the lowlands also
decreased the gradient of the streams and rendered them less able.

to handle coarse gravels.
After the Canrwell formation had been laid down another uplift

of the range occurred, which involved not only the area previously

uplifted but also ‘the basins in which the Cantwell sediments were
deposited. The Cantwell beds. now consolidated into firm conglomer-
ates, sandstones, and shales, were uplifted, folded, and faulted and
rapidly eroded by the once more steepened streams. Great valleys
were cut into them and into the associated older formations. The

rugged topography of the mountain belt was again reduced to _

modern slopes and the streams discharged little coarse material.*

A second group of Tertiary sediments now began to accumulate -
in the broad vallers and basins of the area north of the mountain
crest. “These materials included some fine gravels but were pre-
dominantly sands and muds. . The deposition of clastic materials
was, however, only intermittent, and during long periods vegetation -
grew and accumulated in the lowlands and formed thick beds of peat.
From time to time the growth of the peat deposits was interrupted
by renewed stream deposition and the organic accumulations were:
covered by sands and muds. In this way an alternating series of
sedimentary beds and beds of arganic material, the Tertiary coal-.
bearing formation, was built up and in places reached a thickness of
nearly 2.000 feet. As the Joad of sediments above any peat bed in-

creased, the organic materials were compressed, other chemical and -

physical changes took p}acé, and the peat was gradl;ally altered to
lignitie coal. ' .

The building of the coal-bearing formation was interrupted by
another period of uplift in this region. This uplift was most pro-
nounced in the region south of the largest coal-bearing areas, but the -
movement extended far enough northward to involve parts of the.
coal formation also. The steepened streams again ‘brought dowp'
gbundant coarse material—the Nenana gravel—which accumulated
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- along the flariks-of the growing mountains.” Xt mauy places the

Nenana gravel appears to lie conformably upon the coal-bearing for-

‘nation, but at other places the coal-bearing beds were apparently

upliftedvand eroded before they were covered by-the gravel or other
material, indicating that the uplift of the foothills Tegion proceeded
unequally in different places, some areas remaining quiescent while
others were being elevated and tilted:‘ At some places the gravels
reached a thickness of 2,000 feet; at others they were much thinner.

After the Nenana gravel was deposited the main range and the
foothills were still further elevated. The mountains grew both
by bodily uplift and by folding and faulting, and all the Tertiary
beds were more or less deformed. The folding, however, was less
severe than that to which the Cantwell formation had been earlier
subjected, and consisted of compression that tended to .narrow the
basins of coal-bearing materials into shallow synclines. Faults trend-
ing east and west, some of which have displaced the coal-bearing beds
and the Nenana gravel for several hundred feet, have been observed,
and the development of the foothill ranges is due to both folding and
faulting. At the close of Tertiary time the Alaska Range and its
subsidiary foothill ridges had probably been elevated to approxi-
mately thelr present position. and the agencies of erosion had actively
attacked the voung mountains and had cut great vallevs in them.
The gravels of the foothills and the associated coal-bearing beds had
also been greatly eroded, and had been reduced to rounded and well-
drained topographic forms. Across the hard-rock ridges that lay
athwart their valleys the streams had cut deep, narrow canvons, but
In intervening areas that were floored with unconsolidated Tertiary
materials great basins had been excavared.

In early Pleistocene time in Alaska, as at many other places on
the continent, extensive glacial deposits were formed. Just when the
first glacial expansion took place in the Xantishna region we do not
kmor, but there is strong evidence of at least two glacial stages here
and there may have been others ¢f whick we have no proof. The ice
adranced from the mountains and spread northward along the main
valieys to the foothills. Boulders on the high ridges near Nenana
Valley indicate that an earlier glacier there reached a great thickness
and extended to the north front of the foothills within 30 miles of
Tanana River. By its erosion and transportation of materials it
must have greatly modified the topography of the mountains and
of the lowlands, into which its outwash gravels were carried by the
streams. This earlier glacial stage was folloyed by a period of ice
withdrawal in which the normal agencies of stream erosion and at-
mospheric weathering were active. During the last stage of glacia-

e
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tion icc tongues agein advanced. northward through the, valleys, re--
" peating the earlier advance, though perhaps on 'gnxj‘eiducg@fcalq,‘ :End "
further impressing ice-carved features on the valleys.. Having -
reached their masimum. expansion the glaciers, influenced by a. -

change of climate, again shrank back into the mountains to about the
positions they now occupy. After their retreat stream erosion and
deposition sgain.became active, talus and soil were formed_an.gw
by the erosion and weathering of the surfaces laid bare by -the ice,
and vegctation -once more -established itself on the rock slopes,

morainal deposits, and outwash gravels. The streams are still en- -

gaged in the task of adjusting their gradients, disturbed by. ice ero-
sion, to conditions of normal stream transportation and erosion.

The present surface forms in this region are the composite result
of the many vicissitudes that the region has undergone since the
beginning of. the Tertiary period. Elevation, folding and faulting,
the accumulation of Tertiarv .detritus, and repeated periods of
stream crosion, each followed by deposition and renewed uplift,
have each had an efiect in shaping the"surface. Unequal uplift in
the foothills, giving rise to alternating belts of hard rock and of
unconsolidated materials, formed stream valleys in which broad,
mature basins are interrupted by deep, narrow canyons. Several
periods of crosion, during which the surface was reduced to a some-
what uniform plain, may still be recognized at favorable places.
Thus along the depression which extends cast and west between the

head of Dry Creek and Teklanika River, as well as in places on the.

Kantishna Hills, an inclined-plane surface, cut from the rocks of .
The plane -

" the Birch Creek schist, appears on the mountain flanks.
of this erosion surface coincides with the base of the Tertiary coal-
bearing formation, and seems to represent a part of the surface upon
which the coal-bearing sediments were deposited- This erosion sur-

face was thus protected from dissection for a long period by the
Tertiary deposits, which upon elevation have locally been removed

to bare once more the old rock plain on which they were laid down.
Elsewhere in the mountains parts of old erosion surfaces whose agoe
has not been definitely fixed may still be recognized. The problem
of deciphering the physiographic history -of the Tegion 1s compli-
cated by the number of erosion surfaces, by their unequal warping
and tiliing, and by the fact that the erosion by ice and by streams
occurred at intervals in the Quaternary period. Enough of the old

erosion surfaces probably remains, however, to afford abundant re-

‘sults to the student of -physiography whoe has the opportunity to -

study this area carefully... . . T T I
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The basin of Tanana River first became of interest as a placer-
mining region on the discovery of .rich placer gravels in the Fair-
banks district. Gold seckers, attracted by that discovery, rushed
to the Tanana Valley in 1903 and 1904 , Most of them went to the
new town of Fairbanlks or to the creeks in that vicinity, but a few
penetrated to the north slope of the Alaska Range.and carried on
the search for gold there. The discovery of gold in the Kantishna
district was an indirect result of the Fairbanks rush. In 1904 Joe
Dalton and his partner, Reagan, prospected in the basin of Toklat
River, and after having found gold in encouraging amounts returned
to Fairbanks that fall. The next spring Dalton and another part-
ner, Stiles, returned to the Toklat and prospected on Crooked Creels,
a tributary heading in the I{antishna Hills 16 miles south of Mount
Chitsia. =In the summer of 1903 two other prospectors, Joe Quigley
and his partner, Jack Horn, had been told by some trappers that there
was gold in Glacier Creels, and they came in to investigate. They
found gold In paying quantities, staked the creek, and in June of
that veur carried the news of their discovery to Fairbanks and so
started the stampede to IKantishna. The stampeders began to ar-
rive at the scene of the discovery about July 15, 1905. Meanwhile
Dalton and Stiles, having heard nething of the Quigley-Horn dis-
covery. had traveled along the southeast side of the Xantishna Hills
and arrived at Friday Creek. Prospecting there they found gold,
and on July 12 they staked that stream. On July 20 they stalked
Discovery claim on Eureka Creek, but thinking themselves entirely
alone in the country they staked only that claim, having determined
to prospect first the npper part of the stream. They went up Eureka
Creek. and on their way back to the mouth of that stream they met
a man naned Cook, who had come in with the rush and had made

‘his wav up Mcose Creek to the mouth of Eureka Creek. ~ Cook said

he had staled claims No. 1 to No. 4 on the Eureka, so Dalton and
Stiles returned and stalked the rest of the creek-above claim No. 4.

Late in the summer and in the fall of 1905 the Kantishna district
was the scene of great excitement. Several thousand people then
arrived, most of them coming by boat up Iiantishna River and its
tributaries, Bearpaw and McKinley rivers during the season .of
open water, and by dog and sled later in tlie fall after snow had
fallen. Practically every creek that-heads in the Rantishna Hills

. -was staked from source to mouth, and the benches and intervening

ridges were not ignored. Within a few weeks & mumber of towns
were built, the largest of which were Glacier, on Bearpaw River
at the mouth of Glacier Creek; Diamond, at the mouth of Moose
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Cmcl:; and Roosevelt -and ‘Square Desl ldn*Kgntishna River. At:«,.-: '
ench of these places log.cablns, stores, . hotels, and saloons were: ° .

erccted. and between them and the creeks & constant stream of gold-
geelers traveled back -and forth. By midwinter, howeven,:dt became
generally known that rich. shallow diggings, the eternal hope of the
prospector, were restricted to 2 few shgrt-creeks, nnfi an exodus
began. The richest ground was mined ‘vxgorousl‘y .during-the sum-
mer of 1906, but by fall the population had dwindled to about.50,
those who remained being the few who had staked paying c‘]a‘m‘xs
or who were- convinced that thorough prospecting held out sufficient
promise of new discoveries. .

In the winter of 1906 Roosevelt, Square Deal, and Diamond were
almost -completely deserted. Glacer, being nearest to the creeks,
is still used as winter quarters by a number cf miners who pre_zfer to
-gpend the cold months in the chelter-of the timber, near their fuel
supply, Tather than to haul wood to thelr summer camps. .

Since 1906 the population of the Kantishna district has renmmeq
nearly stationary, ranging from 30 to 50. In 1916 there were 35
perso}ls in the district, and more than half of this number were men
~vho had staked claims during the first stampede and who had worked
them more or less-continuously since that time. It was placer gold
that first attracted attention to this camp, and the only production
o far has been made from the placer gravels. In recent years, how-
-ever, considerable attention has been given to prospecti-ng for lode
deposits.” Veins carrring gold and silver and the sulphides of lead,

.zine. and antimony occur in the district; and a large number of lode
" claims are now held. No lode mine has yet been brought to the stage
of production, but eventually the lodes will probably outstrip the
‘placers in the value of their metal output.

2 GOLD PLACERS.

GENERAL FEATURES.,

The productive gold placer deposits of the Kantishna dist.rict are
ol] in the basins of the streams that head in the Kantishna Hills and
radiate outward in all directions from the higher peaks. The.a so0-
called Kantishna Hills are actually rugged mount.ains of consider-
able size and are kmown as hills only because of their nearness to the

‘towering peaks of the Alaska Range. As each stream basin is sepa- -
rated by high dividing ridges from its neighbors, and as direct .

travel from one basin to:another is difficult, thf: routes generally
.used extend around the base-of the higher. mountains, and the placer

worlings are therefore much farther apart by trfli‘l than their close * -
p would indicate. This condition has produced - .

& number of small and rather.isolated mining camps between which

‘spacing on the ma
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~there-is little-travel. during ‘the busy summer} : In 1905 and 1906
- paving deposits of:gold placer-gravel were.found on all the streams
-that are mow. productive except Little Moose Creek, and although
~considerable prospecting has been done during the last 10 vears only

--a small amount of workable grcund has been found since the early

vears of this camp. This may be due in part to the fact that only

- the- richest claims-can now -be worked, but most. of the men in the

district own -ground from which they are confident they can make
a living, and they employ the summer in mining the proved ground
rather than in prodPecting areas in which there is less certainty of
finding valuable placers. ~ - -. A
The creeks that have added to the gold production ef the district
-are Moose Creek and ‘its tributaries Glen, Eureka, Friday, and
Eldoerado;-Glacier and Caribou ereeks; tributaries of Bearpaw River;
and Little Moose Creek, which flows into Clearwater Fork of Toklat -
River. . e SRR
MINING CONDITIONS,

- Al the placer mining that has so far been done in the Kantishna
-district. has been open-cut work, in which the .upper gravels are
.groundsluiced off to within a foot or so of bedrock and the remain-
ing gravels and the necessary amount of bedrock are shoveled into
the sluice boxes by hand. -Most of the miners plan to complete the
season’s ground slulcing-early in ‘the spring, during.the period of
greatest -stream flow, but a- few have built automatic dams and are
thus enabled, by alternately storing the water and releasing a large
volume for a short time, to groundsluice even at times of low water.
The whole operation of open-cut placer mining .is,.however, defi-
nitely limited to the period of stream fiow. Nearly all the placer
mines in this district lie above timber line, from 1,600 to 3,000 feet

‘above sea level. At such .altitudes the streams commonly run free

from ice sometime in May and remain open until late in September,
and the mining season is therefore limited to a period of about four
months. Late in summer, too, some of the smaller streams diminish
so much in volume that they do not supply sufficient water for sluic-
ing, this lack of water restricting the mining season still further.
The experienced miners in this camp count upon a working season
of 100 to 120 days. .

Most of the gravel deposits along the streams are in thawed
eround, and few miners encounter difficulty with ground frost.
Some of the elevated benches; however, in which gold occurs in com-

_mercial quantities are permanently frozen, and before the gravels

can be sluiced they must be thaweéd by stcam or must be stripped
of their insulating cover of surface vegetation and muck to allow
the warm air and-the direct rays of the sun to'thaw out the frost.
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Thxs camp is-20 far from established lines of 'tmnsportntmn ﬂxat

for most of the claims are worked by the owners or on‘a'rovalty,
but those who are employed usually receive $6 n day and board foris
10-hour day or $1 an hour without board. Lven at such wages,
howerver, it is difficult to obtain labor, as there is no ready com-
Jnunication with any settlement, and the men in the camp at any one
time include only those who remained from the previons year and
those who came in over the ice in the winter or by boat in the spring.

The supplies and mining equipment necded for the season’s work

are brought to the district by the operators, either by launch to

Diamond and thence by sled to the mines, or by sled all the way from
Fairbanks during the winter. By this method the quantity and
assortment of each miner’s supplies must be determined by him
several months in advance-of the working season. and demands a
considerable investment of capita] for an unusmlly long period. No
store 1s maintained in the district, and whatever supplies 2 man
unexpectedly needs during the summer must be procured from his
neighbors or can not be had at all. As a result of the difficulty and
expense -of carrying freight to the mines and of the long time re-
quired to procure a desired article. only the most primitive methods
of mining have yet been emploved. All the gold recovered so far
has been taken out by pick and shovel. ' ’

With the exception of the mining claims on Moose Creek, 21l the
placer ground mined in 1916 lics above timber line, and wood for
fnel as well as lumber for mining must be brought from a distance,
which varies on the different crecks. On Glen Creck timber grows
within 1 mile to 3 miles of the mines. LEureka and Friday creeks
are devoid of timber, which must be obtained from the basin of Mooss
Creek at points 1 mile to 5 miles from the workings. On Glacier
Creck notimber is obtainable for § miles from the head of the creck,
and the length of haul for the uppermost placer claims now worked
1s about 6 miles. The mine on Caribou Creek is 5 miles from timber
line, and that on Little Moose Creek is perhaps 2 miles from the
nearest trees that are large enough to supply sluice-box lumber.
Savmills were operated to furnish lumber in the early days of the

camp, but these were soon dismantled, and now all needed Iumber -

must be cut by whipsaw.
. v . ORIGIN OF GOLD TLACERS, i . =l
Asis ghown in Plate H,the underlying rock in the Knntlshna mm-
ing district is the Birch Creek schist, which is cut by relatively small.

bodies of intrusive rocks that differ widely in age. Some appear to -

.,

.the ~cost :of mining is much greater than it would be ‘in = more .
accessible district. Few .Imen are employed =t g stipulated wage, T °

-
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have been as greatly metamorphosed as the schists that inclose them;
others are somewhat . metamorphosed but less so than the schists and
were intruded after .the. metamorphism was started but before it
was completed.. Still other intrusions are not at all folded and were
injected after the schists hud reached their. present condition.
Among the class last mentioned were some dikes and stocks of gran-
ite porphyry and quartz porphyry, which may be genetically related

" to the mineralized. quartz .veins. The schists are locally. Lighly

siliceous and include beds of quartzite schist. - Numerous quartz
veins and veinlets .are everywhere distributed through the Birch
Creek schist. Gash veinlets and lenticular bodies of quartz lving
parallel to the schiswesity are particularly abundant, but most quartz
veins of tiis character are not regular or continuous for Jong dis-
tances but pinch and swell abruptiv. Tiny reticulating veinlets of
quartz, cutting the schist in all directions, are also commeon. Many
quartz veins of this type have been twisted and metamorphosed with
the inclosing schist, In the Kantishna Hills, especially aiong the
main divide from the heads of Caribou and Mvrtle creeks westward
to the basin of Moose Creek, there are many large quartz veins that
cut across the cleavage planes of the schist. stand at steep angles. and
maintain a uniform strike, dip, and thickness for considerable dis-
tances along the outcrop. Most of these veins are younger than the
gash veins that follow the schistosity and ave true fissure veins of
more recent age than the last period of vigorous metamorphisni.
Several quartz veins of this type contain visible free gold in en-

‘couraging quantities, and mortar tests show that native gold is

rather widelr distributed in these veins.. Furthermore, the largest
and most continuous gold-bearing quartz veins that have heen found
are in the basins of the streams which had the richiest gold placer
cround. This fact secins to prove conclusively that at least a large
part of the gold of the stream placer gravels was derived by erosion
from the fissure quartz veins that cut the schists. The gash veins
and veinlets of quartz in the schist may also have added their con-
tribution of gold to the stream placers, and the presence of placer
gold in greater or less amount in almost all the streams that flow

" through the schists indicates that some of these veins also are gold

bearing, but the richest placer gravels have been found in basins in
which the larger fissure veins occur.

The local orizin of the placer g old is also conﬁxmed by the appear-
ance of the gold itself. In Friday and Eureka creeks, immediately
below the outcrops of some large quartz veins, the placer gold is sur-
prisingly rough and angular. 3any nuggets show the unworn crys-
talline forms that the gold had as it lay within the*vein quartz. and
few nuggets in any clean-up show appreciable effects of. attrition.
"To anyone familiar with the usual appearance of plicer gold it is
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jmmediately evident that this gold is recovered at no great distance

from the outcrop of the<vein in which it originated.i* It becomes finer

und more smoothly worn as it passes downstream and away from the ,

outerops of gold-bearing quartz, as would be expected if it had been__
derived from the quartz veins and had been transported to increas-
ingly greater distances from its bedrock source.- .

The mﬂuence of glaciation -on the distribution of gold plncer de- <

posits in the Kantlshna region hag varled in the dlﬁerent stream

basins, and although the glaciers have doubtless played their part in -

the erosional history of the district, the ice was here much less abun-
dant than in the higher mountains of the Alaska Range. The fact
is now established that there have been at least two stages of glaci-
ation on the north side of the Alaska Range, one long before the

last one, the evidence of which is best preserved. This fact being -

recognized, it is difficult in certain places to determine the limits

reached by the separarte ice shects. for glacial deposits or action of |

the earlier stage can easily be mistaken for those of the later,.and a
proper discrimination can be made only after -more detailed field
work has been done. Nevertheless. it is certain that at one time
Muldrow Glacier was much larger than it is now, that it overflowed
the northern border of its present basin and spread northward across
the upper basin of Moose Creek. to lie against the south flank of the
Kanrishna Hills. One tongue of this jce lobe flowed north onto
Clearwater Fork of Toklat River, another flowed down through the

canvon of Moose Creek past Eureka and Eldorado creeks, and still |

unother flowed westward along the present course of McKinley
The highest ridges of the Kantishna Hills were never over-
ridden by ice, but some of the higher vallevs in them supported
small ice tonguesz. which extended radially from the crest in all di-
rections but never atrained sufficient length to reach beyond the con-
fines of the narrow vallevs.

the basins of Eureka, Friday, and Eldorado creeks were not suffi-
ciently elevated to originate glaciers. Abundant erratic boulders

occur throughout the basin of Moose Creek above Eureka and in the ,

valleys of Eldorado and Eureka creeks nearly to their heads. These
boulders are not directly associated with morainal deposits, but
their presence indicates that at one time the basin of Moose Creek

wag filled with ice, which lay high against the south flank of the -

Kantishna Hills. The peculiar courses followed by lower Spruce ..
and Glen creeLs also indicated changes of dramage due to "I'xcml
occupancy. ! -

To just what éxtent the gold-producing streams were once occupled :
by glaciers and their preglacial placer -deposits removed by ice -

erosion has not been definitely determined, for evidence of glacial

Of the gold-producing streams Glen, -
Glacier, and Caribou creeks were glaciated in their upper ends, but-

L R acan
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~action is mconsplcuous and poorly preserved.. The fact can be stated,

however, thatin those parts-that were glaciated the ice disturbed or
iremoved the greater part of .the preexxstmg gold: placer deposxts, 50
that any -concentration of gold that is now 'present is due to erosion
by streams since the ice retreated. Below the edges of the glaciers
stream erosion was retarded during the ice advance. for the waters
arere burdened with an- unusually large supply of rock waste, which
they deposited .as outwash gravels beyond the edge of the ice. The
streams sorted in-some degree the outwash gravels but much less than
they would have been sorted by normal lightly loaded streams.

After the glaciers had disappeared from the Kantishna district
the streams commenced the task of readjusting their vallevs to con-
ditions* of normml erosion. Less heavily loaded than when they
received glacial waters, they began to intrench themselves into the
deposits of glacial outwash gravels, which now appear as high
benches or terraces along the lower streams, especially those on the
north side of the Kantishna Hills, In cutting down through these
ravels the streams in places flowed in somewhat different courses
from those along which they had formerly flowed. and canyons
:show the position of obstructions they encountered in thelr down-
ward cutting.

The bench or terrace gravels a]onn Moose, Glacier, and Caribou
creeks contain some placer gold, and in one or two places sufiicient
to warrant mining. While the streams were intrenching themselves
in these gold-bearing gravels the gold in the gravels, as well as that
supphed by the erosion of gold-bearing quartz veins, was deposited
in thezr beds, forming the present workable placer g oravels. ’

WIIITE GPA\TIS

Among the miners in this district a misconception prevails re-
garding certain white guartz gravels ‘that occur along the north
flank of the Kantishna Hills. These aravels have been noted es-
pecially in the valley of Glacier CreeL near the point where the
schist bedrock plunges downward to the northwest and disappears
beneath ‘the deposits of unconsolidated materials. The gravels form
no conspicuous surface features but have been noted in the stream
deposits of Glacier Creek below the point where the schist bedrock
disappears. The most complete information concerning the white
gravels was obtained from a prospect hole sunk on the bench west
of Glacier Creek, opposite the upper end of claim 13. This shaft,
a2fter penetrating a few feet of the ordinary bench gravels, encoun-
tered a body of white, rounded quartz gravel, which continued with-
‘out interruption to a depth of 114 feet, at which place the sinking
was discontinued without reaclnng bedrock. Most of the matenal

80349*—19——0 ' :
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".en t.he dum;.x is vein quartz,-distinctly. rounded- and water -worn,. L

ranging in size from fine sund up to pebblas 6:inches.in diameters
The resemblarce.of this material to the “white channel” gravels
of the Klondike was at once apparent to the prospectors, who enter-
tained high hopes of finding rich deposits of placer gold in it, but

no paying concentration of gold was found, although some fine gold -

was panned from the material-excavated.: . A study of the geologic
relations on Glacier Creek indicates that the white gravels there con-
stitute the base of the Tertiary coal-béaring formation ‘which is so
fully developed farther east, near Nenana River. There the base of
" the Tertiary beds, where they lie upon the Birch Creek schist, is com-
monly made up of a nearly pure deposit of white quartz pebbles
and sand. . This relation is found to continue westward across the
basin of Teklanika River, and no doubt the white gravels of Glacier
Creek are of similar origin. The gravels are believed to represent
the detritus from an old land mass that had been deeply weathered

and from which tbe more easily decomposed materials had been

removed, leaving abundant residual quartz scattered over its sur-
face. Later a period of more active stream erosion ‘followed and
this quartz was removed, rounded by the streams, and deposited as
a widespread blanket over the lowlands. It was brought to the
Jowlands by many small streams rather than by a single large one,
and in the lowlands that were aggraded by the gravel deposit
any gold~that may have been present in the quartz showed little

tendency to concentrate. Throughout the area. in.which they have .
been studied these white quartz gravels contain:a little- gold, but -
“nowhere have concentrations suiﬁcmntlv rich for placer mining been-

found. At the Glacier Creek loc: 11m’ the exposures are not good,
but, so far as known, the white gravels are not-overlain dnect}_v by
the coal-bearing Tertiary beds but by a heavy deposit of tilted, oxi-

dized gravels which in the Nenana district succeed the coal-bearing.

beds. This means either that the coal-bearing beds -were removed
by erosion from over the white quartz gravels before the later vel-
lowish gravels were laid down, or that in this place the coal-bearing
beds were never developed, and that the oxidized gravels were laid
down directly upon the white quartz gravel beds, The white gravel
deposit on Glacier Creek therefore difiers in mode of origin from
the “ white channel ” of the Xlondike, and being probably of early
Tertiary .age is npp:nenﬂv much older than the gr‘nels of the

Klondike. . AT 4 R E
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" A factor that has exercised an important mﬂuence upon the goId-‘

placer deposits in many valleys is the large volume in which detrital
material from the valley walls moves down the slopes and out onto

DI
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the stream-gravel deposits and. the .rapidity with which this move-
ment takes place.; A brief :description of the. various types.of soil
flows and .2 discussion .of the. factors that cause them bave already
been given.on pages 66-70. . ... i A
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MINES A}\D I’XOSP’ECTS

Dunn" Auf'rust, 191G, all the mines and prospects on which work
was bemg done were \1=1ted and the following pages contain brief

TR,
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x
Gold piacer mino Gold lode prospect Anumony lods prospect

Iicues C-——Sketch map of a part of the Kantishna region, showing approximate positions

of mines and prospects.

descriptions of the general conditions prevailing on these claims at
that time. . The positions of the mines and prospects are shown in
figure 0, and in their discussion they are grouped under the name of
the stream valley in which they occur and are described in order
from the uppermost claim downstream. -, . |

R b ediziaiy L GLEXY CREEX. < Ul .U
S eprngquern Fi- P e - T NS A R . .

C'lazms 1.and 2 on- rz(/ht fork.—Some mining was done by’ one
xnan on clznm No. 1, the lowest d.um on the right fork of Glen
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" Creek. A larmc part of the season was spent in building an autoX ..
watic-dam,- but -during low water the ‘dam leaked-so ‘badly-that- 1t‘_' s
would not fill up and flush, and only 36 linear feet of bedrock- below ’

the dam had been cleaned at the time of visit. In previous years'
considerable work was done on claim 2 by the ordinary method of-
¢round sluicing and shoveling in. Boxes 12 inches wide, set on a
grade of 10 to 12 inches to the box length, are used. Bedrock is
composed of quartzite and micacepus schist, and boulders are large

Oz claim No. 2 the depth to bedrock avera"ed about 6 :feet, but
a short distance below the dam, on claim No. 1, the bedrock surface
plunged suddenly downward, and a shaft 84 feet deep, sunk near
the forks, failed to reach bedrock.

The «old is bright, coarse, and rough, and many nuggets welghmg
from 1 ounce to 7 ounces each have been recovered. The sluice-box
concentrates contain abundant black sand, garnets, galena, and iron
prrite, indicating that the gold has been derived from sulphide-
bearing quartz veins. Such veins outcrop at the head of this basin,
and they doubtless have furnished gold to the placer gravels.

Claim No. 9—In July, 1916, three men were mining on claim No.9.
An automatic dam was in operation, and a cut nearly 500 feet long
had been ground-sluiced. Bedrock had been cleaned for about 150°
{eet in this cut. The gravels range from 5 to 8 feet in depth and
contdin numerous boulders and slabs of schist, some of which are too

large for one man to handle. The stream flow was sufficient for. the

mining operations, and 12-inch sluice boxes set on-a grade .of
71 1nches to the box length were used. The gold is coarse and rather
rough and assays from $15 to $15.80 an ounce. The nuggets are
often discolored, but the fine gold is bright and yellow. Many
nuggets ranging from 1 ounce to 3} ounces have been found.. The
sluice-box concentrates contain numerous pieces of galena and many-
black-coated pebbles and small boulders of the manganese metasilicate
rhodonite. It is reported that about half of claim No. 9 has been

mined.
Claim No. 7—Xo one was present on claim No. 7 at the time 1t was

visited, but one man is reported to have been mining there in 1918. .

In July, 1916, some ground sluicing had been done, but little gravel
had been shoveled into the sluice boxes. The mining conditions on

this ground, a large part of which is said to be Worked out are '

".1

much the same as on claim No. 9. : : - e
Other claims on Glen Creek—Some mining has been done on Glen
Creek each year since 1906, and & number of claims have produced

- gold. Claim No. 6, below which little more than prospecting has
been done, has been partly mined and No. 7 is largely worked out. °

Parts of claim No. 8 and 8 fraction have been worked, and claim’

B e
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XNo..9 is about half exhausted:: No extensive mihing,; has been don

.--above claim No..9 on'the'main creek but parts of claxms No 1 an

No 2 on the nght fork have been mmed el
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" Claim No. 13—The uppermost claim on Eureka Creek on whic
mining has been done is claim No. 13, where one man has bee:
working every season since 1900. S]uicing‘ was begun on the lowe

~end of the claim and has now been carried upstream for abou
1,000%eet. The bedrock of this creek, which is composed of Birc;
Creek schist, varies in hardness from place to place, hard quartz
itic phases alternating with softer mica schists. The foliatio:
of the schist here strikes roughly parallel with the direction ©
the valley of Eureka Creek and dips at high angles. At the tim
of visit ground was being mined to a depth of 11 feet. for th
pay streak was buried by materials carried down from the nort.
wall of the valley. An automatic dam was used for ground sluic
ing, but during the season of 1916 the water supply was insuf
ficient for satisfactory mining. Twelve-inch sluice boxes with pol
riffes were set on a 9-inch grade, and below these, boxes witl
false bottoms were set on a grade of 5 inches to the box lengtlh
Boulders and slabs of rock, some 4 feet in diameter, are numerou
and add to the difficulties of mining. Practically all the gold occur:
on bedrock. and much of it is discolored by stains from the decayec
bedrock. The gold is said to assay $16 an ounce, and althougl
coarse is less coarse and rough than that taken from the claims below
The largest nugget taken from this ground weighed 21 ounces.

Eureka group—~~The lowest ground on which active mining was
done on Eureka Creek in 1916 is the Eureka group, a block of eigh:
claims, Nos. 5 to 12 above Discovery, which is at the mouth of the
creek. On this group a strip about 1 cut wide, and including the
bed of the stream. has been mined from the lower end of claim No, £
up to and including a part of claim No. 9, and mining has been car-
ried on here each year since 1905. TUntil recently all worl: had been
done with pick and shovel, and only the richest gravels—those in the
creek bed—would warrant mining. In 1916 an automatic dam was
built on the upper end of the group, and through its use the cost of
mining has been reduced from $45 to $20 a box length (168 square
feet). By the new method a much wider strip of gravels can be
profitably exploited. . The gravels are sluiced off until the high points
of bedrock are exposed, and only about 6 inches of gravel is shoveled
by hand. The owner reports that the tests show little loss of gold
by this method. The gravels have averaged about 7 feet in thickness
in the stream bed and 8 to 9 feet on the low benches. Coarse boulders



86 . THE EANTISHNA REGION, ALASKA.

", are ot w ‘_aally abundant and, although a few are broken by

explosives, most of them can be thrown aside by hand.. ‘On the lower

end of claim No. 9 the creek flat widens to about 40 feet; and the

whole flat was being worked at the time of visit (August, 1916). The
owner plans to continue using the present automatic-dam method on

the Eureka group of claims and also intends to use it on -the lower.

claims on either side of the creek channel—ground that would not
pay if worked by the old method. The bedrock s composed of the
various phases of Birch Creek schist, the character of which changes
{rom place to place. In cleaning bedrock it is necessary to remove
only the surface of the schist where that material is comparatively
soft, but in the harder phases the gold has penetrated more decply
into the cracks, and 2 feet of bedrock must be removed to recover all
the gold. The gold is bright yellow, except those pieces that have
lain on decayed and rusty bedrock and are discolored. It assays
from $13 to $15.20 an ounce and is remarkably coarse, a large part of
it being in rough, angular pieces that show little or no cvidence of
stream abrasion. A number of pieces show unworn erystal surfaces
and are certainly derived from near-by gold-bearing lodes. In many
nuggets quartz is intermingled with the gold, and the sluice-box con-
centrates contaln abundant galena. These facts furnish additional
evidence that the gold 1s a concentration from the quartz veins that
outcrop on the ridaes around this stream basin. Stibnite and black
sand are also caught on the riffles. The placer gold from Eureka
Creek 1s unusually coarse. Half of that recovered is said to occur in
pieces having a value of 5 cents or more, and much is in coarser nug-
gets.  One nugget from claim No. 9 had a value of $100, and*another,
tiken from Discovery claim in 1906, was worth $900.

The water supply on Eureka Creeh is ordinarily abundant for
sluicing throughout the open season. Tour boxes 11 by 13 inches in
cross section and set on a grade of 9 inches to the box length are
used, two of which are equipped with pole riffies and two with Hun-
garian riffles, and the lower boxes, with false bottoms, are set on a
grade of 5 inches to the box length. Two or three men were employed
throughout the season.

On claim No. 12 of the Eureka group one man operating on a

lease was mining for part of the scason. The conditions were much
the same as on claim No. 9, the gravels being from 7 to 9 feet in
thickness.

Other mzmng —In the earlier years of mining in thls district
placer mining was done on all the claims from the mouth of Eureka
Creek up to claim No. 5, and, as already stated, the main stream,

bed has now been mined up to and including part of claim No. 9.
Throughout the length of these nine claims, however, patches of

-
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gravel that lie here and there on each side of the creek contain con-
siderable .placer gold that was left by the miners in their haste to
work the richest and most easily accessible ground. As the richer
gravels of the main creek bed become exhausted, however, the less
easily handled “side -pay * on these claims #ill be mined, and in
these neglected areas the use of more economical methods, such as

.automatic-dam slmmng, will probably yield satisfactory proﬁt to the

INErS. i & 3 foes L K .l~-—~;u::-.-...». o
_ . FRIDAY CREEX. . .- . .
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General features. -——Fnday Creek is = smaH tributary of Moose
Creck from the east, joining that stream 13 miles below the mouth of
Eureka Creek. The valley of Friday Creek is narrow and only 2
miles long, and the gradient of the stream is steep. The stream flat
is in general not more than 15 to 20 feet wide, and for a considerable
part of its length the creek flows in a narrow canyon-like cut between
rock walls, so that the vmvels in the stream bed are only narrow and
shallow. :

Claim No. 2~—0One man was mining on the upper end of claim No.
2, the creek bed in the lower part of the claim having already been
mined out, although some workable ground is said to remain along
the sides of ‘the 'strip of worked ground. ‘The mining conditions
here are much the same as on the other claims on this creek. The
stream gravels range in width from 15 to 150 feet. and in places the
pav streak runs under slides from the valley sides. Il.ocally this
slide material is frozen. Boulders and slabs of the schist bedrock

large to pass through the sluice boxes are abundant, but none
are too big‘for one man to handle. The gold is Tough and coarse,
nugeets worth $50 having been found. The gold taken from the
surface of bedrock is usually discolored and rusty, but that obtained
from the gravels 1s bright.

Claim 1Vo J—Cl:um No. 1 has been mmed since 1914 by the
owner, who dlso holds & 300-foot fractional claim adjoining the
upper ¢nd of claim No. 1. The ordinary method of ground sluicing
and shoveling In is employed, and a hose, with water under pressure,
is used to clean bedrock. Sluice boxes set on grades varving from

'8 to 16 inches to the box length are lined with pole and Hungarian

rifies. The schist bedrock ranges from hard dense rock to soft,
soapy, decayed material, and experience has shown that though the
hard bedrock has retained most of the gold, the softer phases of bed-
rock are in general only meagerly productiye. The creek-bed gravels
range in depth from 3 to 4 feet, but in places the pay strealk is cov-
ered with slide material from the valley sides and overburden 10 to
15 feet thick must be removed to reach the bedrock. The gold is
coarse and very.rough, having come from the eroded portions of
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quartz veins that -outcrop~on the mountains near.by.»>_The Jargest -
nugeet ‘taken from this -claim weighed 6} :ounces, :and :many-pieces. -
weighing more than an -ounce-have been ‘found... Black. sand.and
@alena are abundant in the sluice boxes. Most of this claim has now
been mined. but the iractlona.l c]a]m unmedmtely aboveJt is -still
um\OILed C- Hiew Ui be o pirestiia

« Discovery claim —The ]o“‘est cl:nm on which ﬂctlve mining ‘has .
" been done on this creek is Discovery claim, the second claim above the
mouth of the stream. Txro men have been mining there each summer
since 1908, and the stream channel has.been about worked out, the

only unworked ground being a side cut near the upper end of the

claim. In the upper pzrt of this ground the bedrock consists.of

schist, the foliation striking roughly parallel with the trend of the
valley and dipping at high angles. About 300 feet above the lower
end of the claim the bedrock floor steepens and disappears beneath a
gravel filling of such thickness that prospect holes have failed so far
to penetrate it. The mining here has been done only by pick and
shovel, the pay gravels rm:ging between & and 4 feet in thickness.
Two sluice boxes lined witk pole riffles and one with Hungarian riffles,
set on a grade of ¢ inches to the box length, are used, and below
them boxes with false botroms are set on 2 5-inch grade. The gold is
bright. coarse, and extremely rough. Many nuggets show the crystal-
line form af the gold as it came from the vein quartz, and quartz is
common in the nuggets. Few pieces show conspicuously the effects
of stream abrasion, and much of the placer gold certainly had its
bedrocis origin in the gold-bearing quartz veins that outcrop irthis
basin, pqrtlcularh' on the ridge betweed Friday and Eureka creeks.
The "old is said 1o assay ®14.82 an ounce and is associated in the
sluice boxes with abundant galena and black sand. o

ILDORADO CREEXK.

At several places on Eldorado Creek, especially at 2 point about 2
miles above the mouth of that stream, some placer mining has evi-
dently been done, though no one was working there at the time of
visit. The bedrock at that place is a black slaty phase of the schist,
striking in general northeast and dipping steeply southeast.. The

gravels apparently range from 2 to 4 feet in thickness. The gold, .

which is reported to be too unevenly distributed for successful min-
ing, is said to be bright, well worn, and finer than that on Friday
or Eureka creeks and to assay about $16.25 an ounce. . . | .. ...,
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The vnlley of Moose CreeL from the mouth of Eldorado Creek for .

-3} -miles downstream is held as a block of claims by men who have
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mmed on this frmund each year since 1906." Discovery -claim lies at
the upper. end of ‘the property, and it is apparent that most-of the
placer gold in this part of the valley of Moose Creek has been sup-
plied by Eureka, Eldorado, and Friday creeks, for no workable
ground has been found in the valley above the gravels contributed by
Eureka and Eldorado creeks. In this valley gold has been mined
on a small scale only, by pick and shovel. Moose Creek is 8 large,
clear stream, flowing over a gravel flat, generally bordered by gravel
bencfes, though n places it swings to one side of its valley or the
other and cuts against rocky walls. About 3 miles below the mouth
of Eureka Creek it enters a rock canvon through which it flows for
some distance. Its gradient is so slight that difficulties are encoun-
tered in-obtaining water under sufficient head for sluicing and in ob-
taining a dump for tailing from the sluice boxes.

At the time of visit two men were mining opposite the mouth of
Eureka Creek on a gravel bench the lower edge of which stands 10
or 12 feet above the level of Moose Creek. TWater was obtained
through a ditch that is supplied by Eldorado Creek. Pick and shovel
methods were used. Twelve lengths of sluice boxes, 12 by 14 inches
In cross section .and set on a grade of 5 inches to the box Jength, were
so arranged as to dump directly into Moose Creek. The graveis
mined averaged § feet in thickness and laxy upon a false bedrock con:-
posed of blue clay, sand, or semiconsolidated gravels. The gold is
distributed throughout the whole thickness of gravels but is notablr
concentrated on the false bedrock. Practically no gold has been found

awithin the materials composing the false bedrock, or heneath then:,

and no one has so far succeeded in sinking a hole through this ma-
terial to the underlying schist. The gold taken from the gravels is
coarse and yellow, but that taken from the surface of the false bed-
rock s discolored, some of it being nearly black. Although it has
probably been derived in large part from Eureka Creek basin, the
gold from Discovery claim averages finer than that found in Eureka
Creelr, and most of it is in flat, well-worn particles. It js reported
that considerable. mining has been done at three other localities on
this block of claims and that assessment work, including the clearing

-away of brush and timber, and prospecting have been done each year.

GLACIER CREEK.

General features—Glacier Creek heads against the north side of
the Kantishna Hills, flows about 5 miles northwestward through a
deep valley eroded in schist, from which it emerges from the moun-
tains and flows northward to .its ]unctlon with Bearpaw River
through 2 valley intrenched into a broad, gravel-covered upland.
For the upper 5m1]es of Jts course the stream occuples a valley floored

™
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" with s

gravets of* moderate depth lying on schist bedrock,

© " North of tiie mountains -the depth to bedrock .incresses so much as -

yons in the schist. - With the exception of these short canyons the
stream 1n the lower 10 miles of its course fiows over a gravel flat that

_1s bordered by high, smooth-topped ridges in' which no hard rocks

outcrop but which are composed for the most parc of rather ancxcnt,
tilted gravels—the Nenana gravel. ; .. ERRE
Placer gold has been found both in the stream trravels and on-the

benches of Glacier Creek throughout its length, but mining has been

successful only in the upper S miles of the valley.

Claim No. 20 —The uppermost claim on which mining was done -
In 1916 is claim Ne. 20, situated 14 miles above the point at which
Glacier Creek emerges trom the mountains. There two men were
sluicing gravels that averaged about § feet in thickness and lay on
schist bedrock. Sluice boxe~ 12 inches square in cross section, lined

with pole and Hungarian riffies. and set on a grade of 6 to 8 mches :
The gold is s*ud to occur both in the -

to the box length were in use.
stream gravel and on the surface of bedrock. That from the gravelg
is bnghc and yellow, but that from bedrock is gencrally stained and
discolored. The oold 1s coarse but is said to be unevenly distributed,
rich spots bem" surrounded by Jean areas in which there is in-
sufficient gold to pay the cost of mining. '
Claint No. 16§—One man was mining on claim No. 18 and had
worked there each summer since 1908. A splash dam and a bedrock .
drain bad been constructed, but a freshet in the spring washed out
the dam and filled the drain, making mining difficult. Largs
boulders are especially abundant on thls claim. and the dxﬁicu]tles
of mining are increased by the tendency of the pay streak to run
beneath thc coarse anﬂ'u’ar tajus of the valley sides. The gravels in
the stream bed range in depth from 3} to 9 feet. Black s:md and
garnets are said to be abundant in the sluice-box concentrates.
Claim No. 13 ~Claim No. 14 on Glacier Creek is the site of the first
discovery of placer gold in paying quantities within the Kantishna
district, and it has been mined intermittently since 1903, during
which period about 900 feet of the creek bed and a pertion of the
west bench have been worked. One man was mining on the lower
end of this ground in 1916. A bedrock drain had been installed, and
mining was carried on by the usual method of ground 5lmcmrr and
shovelmg in the gravels and the surface of the bedrock. The schist
bedrock varies in character from soft, decayed material that contains
little gold to hard, firm rock in Whl(.'h it is abundant. Some gold .
occurs in the stream gravels, but the richest concentratmn is on .the

surface of the bedrock. The gold deposits vary markedly within

" to bo below the limit of ordinary open-cut placer-mining, except in . -
a few short stretches where the stream passes through -shallow can-" -

L,
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short dlstances, almost bnrren stretches of gravel succeedm" stretches

“of rich ground. TFew large nuggets are. found on this claim, as the
" gold ‘occurs mosﬂy in- fiat, well-worn pieces the size of rice gra.ms.

Mmmg has been.done in an irregularly shaped area, measuring in

'its maximum dimensions 160 by 200 feet, on the west side of Glacier

Creels, on & bench that has a steep face 40 feet high at the creelk edge

“and slopes upward toward the west. As shown in the section along

the creek, this bench is composed for the most part of schist, on the
surface of which lies a gravel deposit of varying thickness, 1aid down
by Glacler Creek When the bench surface was the valley bottom and

before the present stream canyon was eroded. This bench was mined

by building a ditch to tap Glacier Creek at the lower end of claim

No. 16, and at the lower end of claim No. 14 the width of the bench

below the ditch line is about 200 fect. Mining was done by running.
successive cuts from the ditch to the edge of the bench, and the tail-
ings were discharged over the bench into Glacier Creek. The gravels
on the bench surface ranged from 3 to 20 feet in thickness and were
frozen in places, so that it was necessary to strip the cut and allow
the material to thaw for a while before the loosened material could
be removed. In working down the valley an old channel on the bed-
rock surface of the bench was found, diverging to the northwest,
away from Glacier Creelkk. Along this channel the gravels became
consmnth thicker, and mining was discontinued at the point where
the channel pasced so far below the surface of the bench gravels that
the bedrock would no longer drain to Glacier Creek. The bench
gravels that were worked are said to have yielded a good profit to the
miners, but the increasing depth of the ground and the difiiculties
encountered in keeping the ditch in repair so increased the costs that
no mining on this bench has been done for several years.

Claim No. 12—Two men were mining on the upper end of claim
No. 12 by pick and shovel. A cut about 240 feet long had been
ground-sluiced and wost of the cut has been shoveled into the boxes.
The aravels, which lay on schist bedrock, averaged 6 feet in thickness
and contained comparatively few boulders. Although one nugzet.
valued at $80, is said to have come from this claim, most of the gold
is comparatively fine and nuggets are not common. Onrly a smafl
part of this claim is reported to have been mined.

QOther mining on Glacier Cree:—During the years since 1905
considerable mining has been done on Glacier Creek on claims that
were not being worked in 1916. Thus some mining was done on
claim No. 13... Claims No. 13, No. 16, and Ne. 17 were largely ex-
hausted, but No. 18, No. 19, and No. 20 produced some gold. Certain
claims on Yellow Creek are said to have been very rich, but they,
100, were mined out. A good deal of prospecting and a little mining
have been done on the claims below No. 12, but the.stream gravels
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are so .« _p that ordm.trv mining ‘methiods fail to reach bedrock,
“except in the stream flat throu"h & canyon extending for -about-a -

- mile below Discovery claim and that in another canyon just "sbove- -'.‘

the mouth of the stream.” The deep ground is said to begin on claim
No. 11, and it Is reported that an 80-foot prospect hole sunk on
claim No. 10, a 90-foot hole on claim No. 9, and an 80- foot hole on
claim \o i all fuxled to reach bedrocL. ’

o .
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In its upper part Caribou Creek fiows almost due west-and is fed
from the south by 2 number of tributaries that drain the highest
peaks of the Kantishna Hills. Ten miles below its head Caribou
Creek swings to the north and flows between broad, gravel- topped
ridges to its confluence with Bearpaw River,

The only ground in the Caribou :Creek basin on whlch mining
was done in 1916 comprises a group of eight claims extending along
the vallev of Caribou Creek from Last Chance to Crevice Creek.
The area that has been mined is a strip extending 1.200 feet upstream
from the mouth of Last Chance Creek and varying in width from
10 feet through the canyon to 70 feet at the upper end of ths cut,
where the creek flat widens above the head of the canyon. The
gravels were from 2 to 31 {feet thick in the stream bed and reached
a thickness of 7 feet on some of the bars. Large boulders, some of
them so large ‘that it was necessary to mine around them, were
numerons in the canvon, but above it none that were encountered

were too big for one man to handle. Sluice boxes 10 inches squars
in cross section, lined with pole riffles, were set on a grade.of 9 =

inches to the box length. Water is always sufficiently abundant in
Caribou Creek at this place for pick and shovel mining. In fact,
inconvenience is more likely to result from too much rather than
from too little water. The slopes in the basin of Caribou Creek are

so steep that the stream responds quickly to any rainfall, and after ~

a heavy rain the stream is likely to be so flooded that mining must
be suspended until it falls. The gold occurs throughout the whole
thickness of the stream gravels but is especially concentrated on

bedrock. That in the gravels is bright and yellow, but that on the

bedrock is usually darkly stained and discolored. The gold taken
from the canyon is coarse, the largest nugget found having a value
of $110; but that from above the canyon is fine, occurs in flat, flaky
pieces, and is said to assay $13.50 an ounce. Pebbles of magnetite,
ilmenite, and the calcium tungstate, scheelite, and -numerous large
garpets are associated with the gold in the sluice boxes. Four men
were employed during most of the summer, * - © e Dnnad

-~ A small amount of gravel has in former years been shulced * on'
claims No. 3 and No. 4, and a good deal of prospecting has been
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"done, both in ‘the ‘stream gravels and o ‘the “high benches. The
- -benches -are -said to carry premising gold deposits, but- the ‘bench
: gravels are frozen and the cost of thawmg has- g0 far prohxblted
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- 'tht]e Moose Creek is a small western tnbutary .of Clearwater
Fork of Toklat River, and joins it 3 miles above its mouth. For its
entire length it flows through a deep, narrow val]ey bordered by
rugged n'lountams of schist. The only mining in progress on this
stream in 1916 was being done at a point 5 m]les above its mouth, on
claim No. 20, where two men were working. An automatic dam had
been constructed but was not completed until late in the spring, by
which time the water supply had become too small for the most sat-
isfactory operatior of the dam. In the mining done in 1916 no bed-
rock had Leen uncovered up to the middie of August, though some
gold had been recovered from the gravels. Large boulders are
confined almost wholir to the surface gravels.

It is said that the gravel in all the ground below claim No. 18
excepting claim No. 7 1= so deep that bedrock can not be reached by
ordinary methods ¢f open-cut mining.

Some mining has been done in past vears on claims No. 18 and No.

©19. The stream gravcls are reported to range from 8 to 10 feet in

thickness, although in many places slide material from the valley
sides has covered the pay streak to a depth so great that mining costs
were prohibitive. The gold is coarse and shotlike and not greatly
worn. Although éne-third of the gold recovered is said to be in

" pieces worth 50 cents or more, very large nuggets are not common,
" ihe largest taken from this creek having a value of $20. The gold is

of low grade, and 1s said to assay about $12 an ounce. Small nuggets
of native silver are reported to be present in almost every clean-up.

The creep of soil aud talus is especially rapid in the valley of this
and adjacent sireams. The small excavations made in the course of
placer mining have at tines been sufficient to disturb the equilibrium
of the adjoining valler slopes, and large quantities of muck. soil, and
eoarse rock have suddenly slid into the mining cuts, burying sluice
boxes and causing much annoyance. The unusual depth of the stream
gravels in this valley is due, in part at least, to the rapid downward
creep of valley-side detritus, which fills the valley floor more rapidly
than the small stream can remove it.

~GOLD I’I;ACPJ‘( PROSPECTS.IN THE KANTISIINA REGION.

The foregomg descuptlon includes all claims in this district on
which mining was in active progress in August, 1916, and makes
some mention of the results of mining in earlier years on ground
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; that was nou U(El[lb worked at the time of visit,.but 2 historical sketch.

of the mining done in & camp where so many .men have come and:, .
gone, and thre the only record of past work is in-the.memory of ;
those who have remained, must necessarily be incomplete.. During

the two years following the discovery of gold in this camp and ths
attendant stampede a large amount of prospecting was done on 2ll
the streams that drain the Kantishna Hills as well as in adjacent
regions. Evidence of the worl of the early prospectors is seen
evervwhere—in old cabins, prospect holes, and pits—and by their
work they found that the gravels which would yield pay under the
conditions then prevailing were limited to the streams already de-
scribed. Ther also found, however, that placer gold is widely dis-
tributed, and that it occurs in many places in quantities almost suffi-
cient to warrant mining at that time. Unfortunately, most of the
information obtained by these men at so great a cost of money and
effort is now lost. With the. better means of transportation that
will be aflorded by the Government railroad to be built along
Nenana River the cost of mining may be so greatly reduced that
placer gravels heretofore unavailable may be worked at 2 profit.
Among the streams in the district that may become productive
in the future are. Rainy and Spruce crecks, tributaries of upper
Moose Creek from the north: Myrtle, Moonlight. Stampede, and
Crooked creeks, all eastward-flowing streams tributary to Clear-
water Fork or to Toklat River; Flume Creek, which flows north-

westward from the northern end of the Xantishna Hills to Bearpaw -

River, and a number of headward tributaries of Dearpaw River.
On all these streams coarse gold has been found in encouraging
quantities. By simple panning with only a little preliminary ex-
cavation members of the Geological Survey found coarse gold, in
nuggets ranging in value from 10 to 30 cents, on at least three
streams on which no mining had been done.. Numerous coarse colors
were found on the benches of Clearwater Ifork of Toklat. River,
and prospectors report that gold may be found at many places be-
tween Toklat and Nenana rivers.

TOTAL TLODUCTION OF PLACER GOLD.

Mining has been dore in the Kantishna district for 12 years by

many men, Who have made no accurate record of the gold they pro-
duced. A comparison and combination of the estimates made by men

who are most intimately acquainted with the work done on the.
numerous creeks shows that the total production of placer gold in

the district to the close of 1916 was about $380,000. Many will con--"
sider this estimate too small, for there is a constant tendengy among _
most miners to overestimate the production on crecks with which

e ke
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they are least familiar.. . The figures for about half the total produc-

- tion, lrowever, were furnished by men who actually mined the gold,

and the total is believed to be not more than 10 per cent in error.
The- annual production far the last few years has been between
$30,000 and $10,000. 5, i v i e o
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As has alread\ been stated, no placer mmmg by other than the
sunp]cst methods has ever been done in this district. The inaccessi-
bility of the region, the small size of most of the rich creeks, and the
small amount of ground to be worked on any one claim, bave perhaps
prevented the use of hydraulic or mechanical methods in working the
gravels and have also favered the use of the more elastic method of
mining by pick and shovel. The richest shallow gravel deposits
have now been worked out, however, and the leaner but more exten-
sive deposits that still remain must be worked by more elaborate
methods. The man with suflicient capital and with an understanding
of the problens involved would gain much greater profit by install-
ing & bhydraulic plant, a mechanical elevator, or a dredge, than can
be gained by the man who has little equipment and who must rely
upon only his own muscle and resourcefulness. The gravels of the
creek flat and benches of Moose Creek below Eureka localiy contain
gold enough to justify mining by hand, and systematic prospecting
may show that these gravels are of great enough extent and value
to justifv the installation of .a hydraulic plant or a dredge. Doth
the bench gravels and the stream flats of lower Glacier and Caribou
creeks are also gold bearing and may sometime yield a profit if
mined on a large scale. The large gravel deposits on Clearwater
Fork may also be sufliciently rich to justify extensive mining. The
success of any such operations will depend, however, upon thorough
and systematic prospecting to determine the value, extent, and charac-
acter of the gravel dcposits upon the careful and wise choiee of the
proper equipment for mining; upon a close determination of the
probable cost of operation; and last, but by no means ieast, upon wise
and honest supervision and control. S

LODE DEPOSITS.
GENERAL FEATURES. : ..-

There has been much active prospecting for Jode deposits in the
Kantishna district during the last few years, and a nunber of veins
containing gold, at least one rich in silver,and three containing anti-
mony, have been dxscovered .and more or less of development work
has been done on’ them. No ores obtained from lode deposits in the
district have yet been reduced, however, so that no metal has been
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recovere ") them, vet the prospective value of the Jodes can not be
judged by ine fact that they have so far yielded no metal.” Their in-

pecessible situation has delaved their development, and most of the .

prospectors for lode deposits have been men of small means, without
the financial resources required for extensive underground mining, or
for building milling plants. The time and effort required to reach
the lode prospects in summer have prevented capitalists from visiting
them, but the completion of the railread to the Tanana Valley may,
perhaps, establish lode mining in this district. Although no single
vein has been so far developed as to gssure a successful mine, there
are nevertheless a number of prospects that are of sufficient promise
to warrant thorough exploration and that are likely some day to
bring this camp into the list of gold lode producers.

ATl the Jodes that have been considered worthy of development lie
along the highest part of the Kantishna Hills, in a belt 27 miles long
and 6 miles wide, extending from Clearwater Forlk of Toklat River
S. 60° W. to and across Moose Creek, but it is by no means certain
that other valuable lodes do not oceur outside of this area. Quartz
fioat is abundant-outside of this high area, but the steep slopes and
the absence of a continuous surface cover of vegetation in this high
and more rugged ground have made prospecting there easiest, so that
most of the prospects lie high on the ridges. More thorough prospect-
ing will probably disclose many veins at lower altitudes.

All the lodes so far found occur in similar rocks. The prevailing
rock throughout the district has been called the Birch Creek schist,
as it is believed to be a part of the schist series of that name which
crops out in the area between Yulkon and Tanana rivers. This schist

is highly metamorphosed, much folded -and contorted, and shows a .

variety of phases from place to place. It is commonly a dense,
quartzitic rock, locally rather massive but generally containing much
mica and exhibiting schistose cleavage.. It includes fine, silvery mica
schists, which show highly developed cleavage and in places are
studded with garnets. It contains also dark, carbonaceous schist and
creenstone in various degrees of metamorphism. The foliation of the
schist usually strikes northeastward and dips at all angles, as the beds
are in general closely folded.

The larger quartz veins, including those that carry gold, silver, and

antimony, all cut the Birch Creek schist. The strike of the main

veins so far exposed is decidedly uniform—between N. 45° E. and N.
70° E. Although their strike is parallel to that of the schist, most.
of the veins cut across the foliation of the schist which incloses them.
The ore-bearing veins dip at angles ranging from 50° to 90°, and as
far as can yet be made out hold their direction of strike and angle of
dip rather constantly. They thus fall into a different category from

3,

. filled after-a large part of the regiona

smerous lenticular and distorted veinlets and stringers 9f qu

in the schist that lie parallel to its folintion. The ore-bearing velus
here described are therefore fissure’ veins, which were opcngd and
1 metamorphism to which the
schists have been subjected was completed. “Some mf)vement h:}s;
occurred along the vein openings since th.e ore was deposited, but this
mav be ascribed to local uplift or warping without much defor.ma-
liofl, for the veins themselves have not been notab!y deformed smc(e1

they were deposited. The study of the ore d.eposns was hampere
by the meagerness of the underground workings. The 11 lo?gefzst
tunnels together measure only 891 fect, and the two .deepest sha 1§s
tocether measure énly 70 feet. The longest tunncl ‘that could be
entered is but 188 feet from portal to breast, and each of five other
tunnels measures little more than 100 fect. Several f)f the tunnels ar'e
now caved in and could not be examined_. The veins have been ex-
posed not only by the underground workings but_by a large nurﬁber
of open cuts, yet as niost of these were s]_umped it would hta.ve even
necessary to clear them in order to examine them, and no time was
rails 1t work. .
m%‘1111‘::b\1‘2if1(.‘)5re231nined differ greatly in the abnpdance of the m_etalhc
minerals that they contain and in the proportlons of th(‘)sc mmerfils
to one another. The assemblage of minerals, ho\x-‘e\'er, is much't 1§

came in all the veins. The more ?mportnnt mlnerals. recogglgte
were gold, silver, arsenopyrite, pyrite. galena, sphaler}te, stl Itlll et,

and chalcopyrite. All these minerals are conS}(lered primary— 1:1'
is, they were deposited directly from ore-bca1:mg §olut1‘ons. or1 wel (er
formed by chemical action between these solutions al}d the inclosing
country rock. At the outcrops Q.f the veins there 13 1n placjes a zone
of leaching and oxidation in which socondaz-y minerals such as iron
oxide and lead carbonate ave found, but this zone of Weat};erm'g is
challow, and tunnels driven only a f(;\\‘ {eet b.eneath the <u1 ace into
the quartz veins show unaltered vein material. Alon{; 1some f)_ple.n
cracks, and in places where the ore is shattered and broken, oxida-
tion and weathering have pcnetrate(} more _deeply. ' )
There are no facilities in the Kantishna district for making assaya,‘
and most of the samples of ore that are taken.out' by p}'ospect'ors f]o1
acsav have been sent to Fairbanks. Communication with Fairbanks
j¢ difficult and infrequent, so that a long d.e]ay elapges between the
cction of a sample of ore and the receipt of the assay return.
phazard prospecting, for the prospector
who has found a pl‘omising—looking quartz ledge may speng sevelrz}l
mouths in development work be'fore his assay return con rm; tilf
judgment or brings him disappointment. As a consequen;:e ) . tlb
difficulties in procuring assays, the prospector has becg orced to
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" rely upon such simple methods of determining the value of ore as.ha-
has at hand, the most common method being to -crush the-ore in s
small hand mortar, and to pan the pulp thus obtamed. _This method.

determines, in a way, the presence or absence of free. gold, but its
quantitative results are uncertain and may be misleading. *Only a
small piece of vein material can be crushed at one time, and as the
labor involved is considerable, the prospector is likely to erush only
what Le considers the most promisihg pieces of ore, so that the result
is apt to raise false hopes as to the avernge \alue of his ore body.
The average tenor of a vein can be. dctermmed only by taking ac-
curately representative large samples at Ixcqucnt intervals across
the entire vein. :

Furthermore, tests made by mortar and pan give no information

conce.mmtr the gold in the ore that may not be in the form of free
oold. Most gold-bearing sulphide ores contain a certuin- percentage
of gold that is so combmed with the sulphides that it is not released
by simple crushing and amalgamation and can be recovered only
by chemical treatment or smelting. The quantity of eold so carried
may be sufiicient to justify mining, and reliable assays should always
be made to determine the value of any ore in order“to ascertain

whether or not the opening of a mine and the construction of 2 mill

are justified.

As already stated, comparatively few assays of ores from this dis-
trict have been mde, and most of those arc not available for pub-
lication. Ome or two mining engineers have made rather thorough
examinations of certain properties and have collecied average sam-
ples from the ore bodies which have been assayed, but naturally
the assays were not made for general use.

Prospectora in this district ha\e difficulty in keeping their tunnels
in repair from year to year. A short distance below the surface

the ground is permanently frozen. The tunnels when driven are
usually dry, and in them the temperature tends to remain constantly ™

below the freezing point, but if a tunnel is opened in warm weather
the ground in it, which was solid and required no timbering, begins
to thaw and slump. Many tunnels are therefore now caved in and
inaccessible. Tight bulkheads and close-fitting doors that cut off the
circulation of air, however, will keep the tunncls frozen in summer,
As most of the tunneling has been done in winter, when the outside
air is cold, work at that time is unimpeded by thawing. If under-

ground work is done in summer and artificial ventilation is necessary, -

this tendency of the ground to thaw and slump is likely to necessi-
tate the placing of heax 1er and moxe numerous tlmbers to keep the

workings open and safe. | ' -
In the following puages the vems w111 be d&cnbed m order from

east to west., PR
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At the head of Crevxoe Creek 2 trlbutary of the Carxbou an opc

“cut has been excavated on the Mammoth.claim, which is lugh on tl
gside of Spruce Peak, about 500 feet below the summit. This cut w:

reported -to:bave slumped,.so it “was not visited, but it is said 1
display a large mineralized quartz vein,, No 111f01mat10n concernin
its gold content ‘was obtained.;,.

I.I.OYTD PROEPECT,

The Llovd prospect is on the east fork of Glen Creck not fu
above its mouth, where a tunnel has been driven 24 feet into the fac
of a cliff on the north side of the stream. At the mouth of the tunnc
in the face of the cliff there is a large bed of siliceous material tha
seems to be rather pure quartzite interbedded with the schist. Bot
the inclosing schist. and the quartzite have been twisted into a clos
sigmoid fold that at one place gives a vertical exposure of quartzit
18 to 20 feet high. The quartzite.is mineralized and contains som
vein quartz, which carries pyrite, chalcopyrite, sphalerite, and, it
said, some gold. It is reported that no work has been done on tii
claim for several years.

~ mm:zom PB.OSI'ECT i

The Humbolt prospect lies at. the he'xd of the cast fOI‘I\ of Gier
Creek, on the high ridge that forms the crest of the Kantishna Hill:
The schist here strikes N. 37° W. and dips 27° SW. A tunnel saic
to be 48 feet long. driven westward, was so caved in at the time o
visit that it could not be examined.. This tunnel was apparentl
started on the cropping of a vertical quartz vein that strikes N
55° E., but it is said to have diverged from the vein and that n
quartz showed at the breast. The main vein is.3 to 4 feet wide an
consists of millcr white to somewhat stained and rusty quartz. 1
is massive and shows no noticeable banding but includes some smal
inclusions of schist.- Little mineralization except iron oxide wa
noted, though galena and sphalerite are reported. Associated wit]
the main vein are two or three smaller parallel veins, all lying
within a zone that measures about 80 feet across. Numerous larg:
pieces of the vein quartz, broken from the croppings, lie about or
the surface near the mouth of the tunnel, and it is said that severa
hundred pounds of this surface ore was shipped to Fairbanks fo:
treatment and yielded good returns, mostly free gold. A tent anc
blacksmith shop have becn crected at the mouth of the tunnel, anc
another. tent stands in the valley below, No pne was worlunD ot
this property at the time 1t was v1sxted m Aufrust 1916,
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N Ce el : SEOOKONA PROSPECT. ),

" . The Skookona' prospect consists of .a number of open cuts on the :
" top of a high ridge about a mile east of Glacier Peak, a high moun- i

tzin on thc ridge between the heads of Glen and Glncxer c1eeLs.
The schist there ‘strikes K. 20° E. and dips 15°-30° E. Several -open

cuts have been made and a 12-foot shaft has been sunk on a laroe

quartz vein that seems to lie parallel to the schistosity and app: u'enL]y
has a maximum thickness of 20 feet. It formsa capping for the’
ridge on which the cuts are made, and the principal exposures may
be on the same vein. The quartz is characteristically milk-white,
though in places it is stained by iron oxide.
apparent. Too little development work has been done to. show
positively the structure or relations of this body of quartz. ‘

GLEN PROSFPECTS.

Little mineralization is

-1

Tro tunnels, kmown as the Glen prospects, have been driven near:

the top of Glacier Peak. The schist there strikes due north and
dips 40° W. The upper tunnel. now caved in, is said to be 40 feet
long. with a winze in the end. The lower tunnel was obstructed at’

the time of visit but was reported to be nearly 300 feat long and was

evidently driven to cut the quartz vein that crops out on the slope-
Its shattered surface croppings indicate that the vein, which -

above.
consists of whirte to gray banded quartz, is about 10 feet wide. Pyrite,

sphalerite, and possibly galena were noted in the quartz on the dump.

Sl

No evidence of recent worlk was seen, and no one was present on the” ..

property at the time of visit. The quartz is said to carry promising.
amounts of gold, but no fizures were obtained as to the average oold

content.

A g0ld quartz prospect known as the McGonagall proq)ect hes
near the head of Glacier Creek, at an elevation of about 3,400 feet,

and a substantial cabin has been crected near the outcrop of the

vein. The vein, as exposed by the surface outerops and in an open
cut, seems to strike N. 70°-110° E. and dip 50° to the south and is said
to show a miaximum thickness of more than 8 feet. A 12-foot tunnel,
driven into the mountain at the outcrop of the vein, is lagged except
at the breast, which showed only schist. On the surface many large
pieces of white quartz, some 2 feet in diameter, show iron oxide along
the broken faces, and inclose lenses and bunches of mica schist.

Finely disseminated pyrite was observed alonmsmall fractures in the'

quartz
It is reported that the best ore so far found on this property was

taken from a small quartz vein in the creek bed below the cabin., A
ton of this ore has been ehlpped to Fairbanks for mill test. N o one
was present on this ground in August, 1916. i .

¥cGONAGALL PROSPECT. Ce :.'; :

I
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"The Greiss prospcct x:ompnses two ad)omm" clalms, the Malachite

mid Azurite, both on the north side of upper Eureka Creek. On
1he Malachite claim a 13- foot tunnel bas been driven on the north
val]ey -slope, opposite the upper end of placer claim No. 18. This
tunnel, evidently driven to cut & zone of quartz-bearing schist, is
timbered but shows in the breast black schist with small veinlets
of quartz.. An open cut west of the tunnel exposes black slate schist,
fine banded and carrying numerous quartz \em]ets lying paraliel
to the foliation of the schist, which strikes N. 45° E. and dips 30°
NW. Pyrite, in cubes as ]arge as a quarter of an inch in diameter,
is locally abundant in both quartz and country rock. Tiny veinlets
of calcite cut acroes the schistosity. The quartzose zone in the slate
echist is at least 4 feet thick and contains streaks of white clayey
material full of fragments of quartz. As the owner was absent at
the time of visit no othér workings were found, and nc information
was gained as to the value of the gold in the ore.

EUREEKA PROSPECT.

A group of claims, said to be called the Eureka group but locally
known as the Taylor property, lies on the north slope of the valley
of Eureka Creel about 3 miles above its mouth. These claims have
been worked by two tunncls, the Lower Eureka and the TUpper
Eureka, and by an open cut. A cabin has been built near the mouth
of & sonthward-flowing tributary of Glacier Creek. The Lower

" Eureka tunnel is on the north side of Eureka Creek near the top of

a steep bluff. Tt is timbered for 20 feet, bevond which it is caved in.
The total length of the tunnel is said to be 40 to 50 feet. This tunnel
was driven on a mineralized zone, about § fect wide, that apparently
strikes N, 25° E. and dips §0° NW. This zone has a distinct hang-
ing wall, though the footwall is not well exposed. It contalns
abundant quartz, inclosing numerous horses and lenses of schist, and
the whole is much c1u°hed and rusty, the broken quartz and schist
being in part recemented by iron oxide. The inclosing schist strikes
N. 13° E. and the tunnel is driven a few degrees east of north. The
surface vein material is so greatly oxidized and so much coated with
iron rust that little other mineralization can be seen. Some pieces
on the dump, however, show white quartz with finely disseminated
prrite, some galena, and a little stain 6f copper carbonate.

The Upper Eurcka tunnel is more than 600 feet higher than the
Jower Eureka and is about 4,000 feet northeast of it. It was driven
N. 67° E. for 100 feet and from it have been run three branches.
Theé ‘total Jength of these underground workings is about 144 feet.
The ‘tunnel is driven along a vertical quartz vein. Its northwest side

A
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follows the wall of the vein;and-its southeast side follows a straight, R A
smooth parting in the vein. In the outer 100 feet of tunnel the vein " ="~

quartz is at least 7 feet'wide, and one wall'of 1t is not exposed.” “Some
movement has occurred along the contact between the quartz'and the
schist, as both are somewhat shattered and broken. The véin as’a
whole is fractured, and the broken surfaces of gquartz are covered
with iron oxide. One hundred feet from the entrance of the tunnel
there is another quartz vein, at least 3 feet fhick, striking N. 30° W,
and dipping 20° SW., which seems to cut off the main vertical ‘vein
on which the tunnel started. Not enough woxl* has been done to
determine the relations of these veins.

The country rock at this place is a dense, quartzitic schist contain-
ing mica and coarse granules of gquartz. It strikes N. 30° E. and
dips 24° NTW. The vein material varies from white, glassy quartz to
eray, mottled quartz, and includes some dark rock containing quartz
" and sulphides, much stained and discolored. Iron pyrite is widely
cdisseminated through the vein, and pyrite, sphalerite, and a little
galena were locally abundant. No report was obtained as to the gold
content of this lode. s T

PENKETLVANIA AND KEYSTONE PROSPECTS.

The Pennsvlvania and Keystone prmpects are here deseribed to-
gether. as they adjoin one another, are held by the same owner, and
are staked along the strike of veins that are continuous from one
claim to .the other. These claims, ‘which lie on the north side of
Eureka Creek, are crossed by Iron Creek, a small southeastward-
flowing tributary of Eureka Creek, and have been worked by a large
uumber of open cuts. No underground work had been done on them
at the time of visit.

The main vein on tlns property is & quartz vein averaging 8 feet in
thickness, striling N
discovery on the Keyvstone, and has been traced thence along the
strike northeastward across Iron Creek and up the opposite side of

that valley. Between 15 and 20 open cuts, made by stripping off the

‘vegetation and loose surface material, show that the vein is continu-
ous and that it preserves its direction of strike, its angle of dip,.and
its thickness for at least several hundred feet along the outcrop. In
the weathered surficial portions of the vein so far uncovered the
quartz is broken and oxidized. and is generally rusty. Arsenopyrite
and pyrite are abundant, and locally the quartz is heav:lv mineralized
with arsenopyrite, sphnlemte, and galena., Small pieces -of vein
quartz that were mortared and panned showed free gold, and on
many pieces of ore coarse particles of free gold.could be distinguished

with the unaided eye. .Development work had not progressed far -

\. 50° E. and dipping 36° S. It crops out at the

-
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enough to disclose the vein.below .its-weathered surface portion, and
no.assays-of average samples.of ore had been made.. «ocovor - . i

%,.In .the .valley of Iron Creek; .100 feet .above.the crossmu of t.he
vein just described, there is another quartz vein which stnk& N. 54°
E. and dips.about vertical. .This vein shows & maximum width of G

" 1e& of quartz, 2 feet of whlch on the southeast wall of the vein, is

banded.and broken.. The quartz contains iron sulphides, and gold
can be panned from specimens taken from the outcrop. If this vein
maintains a trend uniform with that at the place where it has been
uncovered, it should mtersect the main vein a short distance east of
Iron Creek

An open cat just east of Iron Creek, made to intersect the main
vein, encountered a small quartz stringer three-quarters of an inch
to 6 inches wide, In the oxidized portion of which were pockets of
very rich gold ore. Several ounces of fine crystalline gold was
panned from the decayed surface of this veinlet, and specimens were
preserved that showed a spongy network of delicate zold cryvstals,
any sulphides that may originally have been present having been
leached out and oxidized. This exceptionally rich ore was found in
only slight amount in the small excavation made at that place, and
its relation to the main vein had not been determined. but its presence
indicates the possibility of the existence of rich ore shoots in these

Vel ns.
GOI.D mG PROSPECT

The Gold King prospect lies ncar the head of Ixon Creek, high on
the ridge between Eureka Creel and the head of Friday Creek. The
work done on this claim consists of two tunnels, the Jower of which,
at an elevation of about 3,150 feet, is said to be 30 feet long but is
caved 20 feet from the portal. The quartz vein in this tunnel is re-
ported to-average 4 feet in width. Fifty feet above the lower tunnel,
on the same vein, a second tunnel has been driven for 7 feet. Though
only one wall of the vein is exposed the vein there, which strikes N.
70°.E. and dips vertical, is shown to be over 6 feet wide. The in-
closing schist is fractured and disturbed but strikes about N. 80° E.
and dips 20° S. The freshly fractured vein quartz is white and
massive, though the outcrop and the old fracture faces are stained
with iron rust. Arsenopyrite, sphalerite and galena were noted;
and the oxidized surface quartz is s»id to assay several dollars in
gold to the ton and to carry a trace of silver. The residual material
on the surface is reported to show colors of gold on pannmg

PR R T ,,_1(_._ T ey

GOLJJBK EAGLE I’B.OBPECT .

TG R

¥ The Golden Eag]e prospect is at the head of Tnday Creek on the
ridge that separates the basin of Friday Creek from that of Iron
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Creek. 8 tribn{tnry of Eurcka Creck. The ’pxopcxtv is dev elof)ca by
several open cuts and 2 tunnel.  The open ‘cut by which the vein-was

discovered showed that it is' 8 feet wide, of which 2 feet ‘consisted.of -

vein material heavily mineralized with calenn, prrite; sphilerite,
and copper carbonntes and contained considerable free gold. " The
tunnel was driven on a crushed and slickensided zone to intersect
the vein shown in the open cut. The inclosing schist there strikes
N. 55° E. ond dips 51° SE. and the crushed zone strikes parallel with

the schist'but dips at a steeper angle. The tunnel is 143 feet long -

and shows bunches of quartz along the crushed zone, within ‘which
both quartz and schist are mineralized. The heavily mineralized
vein material that showed a width of 2 feet on the surface averages
a2 width of only a few inches in the tunnel and has 8 maximum thick-
ness of 18 inches, but it is sald to carry considerable gold. Tests
made by crushing specimens in a hand mortar and panning the pulp
show abundant particles of free gold, and assays are said to have
indicated a content of several hundred dollars a ton in gold.

LITTLE AXNNIE PROSPECT.

The Little Annie prospect is on the northwest side of the Friday-
Eureka creek divide a short distance below the summit. This claim
is developed by a number of open cuts and a tunne] having a total
Jength of 147 feet. The schist country rock here strikes N. 18° V.
and dips 13° W The main tunnel was driven southward to intersect
a vein whose outcrop appears in an open cut on the hillside above.
1t encountered the main vein 90 feet from the portal, where a drift
42 feet long was driven S. 59° W. along the vein. A second drift,
started 60 feet from the portal, runs S. 55° W. for 10 feet. The
main vein consists of quartz 3 to 4 feet thick and dips 65° SE. The
footwall is sharply defined and is much slickensided with striations,
which show that horizontal movement has taken place between the

vein and the footwall since the quartz was deposited.;: The quartz -~

contains disseminated prrite and pans a little gold. No galena or
sphalerite was seen in the underground -workings, but they are prob-
ably present, for large pieces of solid galena several inches in diam-
cter have been found on the surface near the crop of the vein.
‘A piece of this float galena on qss.xy vielded 124 ounces of silver .to
the ton. : - PN

Between the footwal of the main vein and ‘the 10 foot crosscut
there is a zone 27 feet wide and parallel to the main vein in which
the schist is so much cut by small quartz veinlets a few inches thick
that more than half the zone appears to be composed of quartz.

Assays-of the-vein material have shown that the quartz carries o few’

dollars in gold to the ton. - B e P N R FHTRRRPYr: o
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The lerer Pch prospect lies southwest of the thtlc Annie and
-Gold‘en Eagle claims, already described; on':the same ridge and at
-about -the same elevation! It is' worked by several open cuts and
by a stgnight tunnel 188 feet long driven S. 30°'E.. The schist coun-
try rock strikes S. 5° W. and dlpS 50° W.* At the portal of the

-tunnel one edge of a quartz vein that panned gold was cut. but the
thickness of this vein was not determined. - A vein striking N. 35° E.

- -and dipping 68° NW. was penetrated 54 feet from the portal. This
vein was § feet thick and is composed of rusty quartz containing
numerous bunches of galena. A picked sample of this galena is
sfid to have assaved 100 ounces of silver to the. ton, and the ore is
said to carry a fraction of an ounce of gold to the ton.

Near the breast of the tunnel the main vein consists of a 13-foot
zone striking N. 35° E. and dipping 67° SE., and is therefore ap-
proximatelr parallel in strike with the vein already described but
lies 130 feet northeast of it. This zone consists of 1 foot of calcite
on the foorwall and 12 fect of quartz and schist, more or less sheeted,
the quartz predominating in bulk over the country rock. Little
galena is seen in the tunnel, but it is abundant along the surface
crop of the vein. The whole zone is brecciated and leached, and
large open cracks exiend from the tunnel to the surface. Pyrite,
arsenopyrite, and small amounts of galena and sphalerite were ob-
served, and along some of the cracks deposits of a soluble salt, which
on analysis proved to be the iron sulphate melanterite, were found.

GALENA PROSPECT,

The Galena prospect lies on the northeast side of Moose Creek, on
the end of the ridge between the basins of Friday and Eureka creeks.
The work done consists of a number of open cuts, now caved in, and
a tunnel, evidently driven to intersect a vein that cropped out in the
open cuts. The tunnel, which runs S. 50°¢ E., is 27 feet Jong and has
a 6-foot crosscut at the breast. where a distinet plane of movement,
with some gouge, strikes N. 43° E. and dips 63° SE. Next to the
gouge-filled fracture, on the footwall side, there is a body of quartz,
white to mottled with blue-gray patches, that is heavily mineralized
with pyrite, arsenopyrite, galena, and sphalerite. Any one of these
sulphides may occur in nearly pure bunches, or they may be inti-
mately intermingled. Galena was seen in nearly pure stringers 2
inches or more thick, and an assay made of this galena yielded 131
ounces of silver to the ton.

There is no sharp break between the ore body and the country
rock on the footwall side of the vein; the mineralization merely be-
comes less as the distance from the hanging wall increases. Veinlets
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of ore extend into the country rock but pinch out in short-distances.
An examination of the short stretch. of -the lode that-is exposed 1n
the crosscut shows that the heaviest minerulization. occurs within ¢
feet of the gouge-filled fracture. .- Exploration to determine the- :pres-
ence or absence of ore has not been carried beyond that fracture. As

the owner was not in the district at the time this property was visited,

the proportion of gold to silver in the ore is not known, though it is
reported that it contains gold, and the depo;.xt is tlxerefore classed as

’a "Old lode. . . . St et ey, ;:
) OIH:EB GOLD 10DE ?ROSPECTS_ ’ - )

. :
Many other lode claims have been staked in th:s d1str1ct and on
some of them the annual assessment work is done, but others have
been staked and later abandoned. The writer has described here
only those properties that seemed of sufiicient promise to the owners
to warrant underground development or the excavation of sufficient
open cuts to expose the veln. Sontee veins that have received little
attention, however. may on exploration show great promise, and un-
doubteuly many veins exist that Lave not vet been discovered. .

Jx-- on v
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PRESENT CONDITIONS,

e 3 sl

Tithin the Kantishna district there arc several élaims that are
beld for their content of the antimony trisulphide, stibnite. Gen-
etlcally the antimony lodes .are duectlv related to the gold lodes
already described, and the veing have the same association of min-
erals, but in the antimony lodes antimony occurs in large masses,
whereas in the gold lodes antimony, although occasionally recognized,
1s 2 minor constituent. The presence of veins containing considerable
masses of stibnite ias been Imown since the first years of mining in
this region, but the remoteness of the district and the prevailing low
price of antimony prevented the exploitation of the deposits, although
some development work was done on two of them. After the out-
break of the European war the price of antimony advanced from 3
cents a2 pound to the unprecedented price of 40 cents a pound, which it
Teached at the end of 1915. As a result of this great demand inter-
est in the Alaska stibnite ores increased, and productlon began -at
several mines' In the Kantishna district increases in mining in re-
sponse to the increased price of antxmony were somewhat sluggish,
for communication with that district is slew, and much uncertamty
cxisted as to the value of antimony on any parncular date. TFurther-
more, 1t was not feasible to take ore to the navigable water of Kan-

tishna River, except by sled in winter and thenoe by boat to T'm.ma‘

1 Brooks, A, IL, Antimony doposits of Alaska; U. 8. Gool.Buryey Bull: 649, p. 7, 191G,
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the following summer.. Even after tire ore reaches Tanana several

weels must elapse before it can be.delivered to a purchaser in the

States..- jt least.three months and possibly a longer time must there-
dore elapse.between the date the ore is mined and the date it reached
the market. When to the cost of mining is added the cost of trans-
portation by sled and small boat to'the Tanana and the freight thence
to Seattle or San Francisco, ne great margin of profit is left for the
producer even at the highest war prices.. In addition te these high
costs the instability of the market and the possibility of a sudden
drop in the price of antimony must be.considered. At 40 cents .a
pound the producer might make a fair profit in shipping stibnite
ore, but at 25 or 30 cents a pound he might sustain « scrious loss. As
a result little stibnite ore was mined in 1913, and none was shipped.
Some orc was mined and stacked in 1916, but at {Lis timre (1917) no
antimony from the I{antishna region hns reached the market.

TAYLOR MINE.

The Tavlor mine, or, as it is cbmmouly cn]led, the Antimony mine,
lies near the head of Slate Creek, a headward tributary of Eldorado
Creel. The property was first staked in 1967, but the title lapsed
and the ground was restaked bv the present owner. It is said to
include a group of claims, but the work done has been confined to
the driving of a tunnel 97 feet long, with 22 feet of crosscuts, and to
the excavation of an open cut immediately above the tunnel. The
open cut nnd the tunnel show a strong fissure along which movement
has taken place. This fissure strikes N_ 50° E. and dips 82° SE., and
forms the southeast wall of the main ore body, though a little ore is
seen on its southeast side. The ore body has a maximum width of
15 feet and constitutes a reticulated stockwork of quartz and stibnite,
with irregular bunches and heorses of decomposed clayey schist, all
much broken and confused. The inclosing quﬂrtzxte schist stnkes

north and dips 20° E. S e e

Almest pure stibnite occurs here in xemlets and In veins, the lare-
est 2 feet thick, and in irregular lenses and bunches. In some places
it i1s solid and unaltered, but in others it 1s erushed and broken and
consists of small fragments of quartz and stibnite recemented by
yellow and reddish secondary oxidation preducts, which on analysis
are found to consist of the antimony oclbers, stibiconite and lkermesite.
The principal ore bodies, which occur within 6 or 8 feet of the main
fissure, seem to lie in the stockwork with their. longest diameter
.oblique to the main fissure, the ore lenses.and veinlets in general
dipping 60° N'W.- The stibmite occurs predominantly as agoregates
of acicnlar cerystals but includes also masses of fine-grained material.
About 125 tons of hand-sorted stibnite has been mined, most of which

i
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was talen from-the opencut. - That taken from':the tuxinel'-awv'ashf_" - e
Jower grade, as the pure stibnite occurred there in'smaller -bunches,

and the ore -contained more quartz and schist.: In-the. absence of
facilities for machine concentration much stibnite that could not be
separated from the gangue by hand sorting was thrown on the dump.
Three men were emploved on this property in 1916, and a project
was under way to bring in motor trucks to be used in hauling the
antimony ore from the mine to navigable water on’ McKinley Fork
of Kantishna River at a point about 4 miles above the abandoned
town of Roosevelt, from which the ore was to be taken by small boat
to Tanana River. :

. CARIBOU LODL.

Caribou lode. in' the basin of Caribou Creek, near the mouth of
Last Chance Creek, a tributary from the southeast, is a stibnite-
bearing lode on which some development work has been done. This
property was visited by Prindle? in 1906, and the following descrip-
tion is written from information gathered by FPrindle and by the
writer. Little work has been done on the property since 1906, and
at the time it was visited in 1916 the shafts were full of water and
inaccessible. The property consists of two lode clalms, the Pioneer
and the Caribou, which lie across the lower vallev of Last Chance
Creel. Two shafts have ‘been sunk, one, 40 feet deep, on the west
bank of Last Chance Creek, and another, 30 feet deep, on the
east bank. The vein strikes N. 40° E. and dips about 67° SE., is
about 4 feet wide, and -consists of a mixture of quartz and stibnite.
In the western shaft a vein of pure stibnite 1 foot wide is said to lie

along the northwest wall and to become narrower toward the bot-,

tom of the shaft. The quartz is massive to crystalline and is inti-
mately intergrown with the stibnite, which occurs as a mixed aggre-
gate of fine-grained, massive sulphide intermingled with acicular
cerystals, the largest 2 inches or more In length. Within the coarsely
crystalline stibnite there are mingled many long prisms of quartz,
which lie parallel with.and are surrounded by the stibnite. The
country rock inclosing the vein is much-contorted hornblende schist,
the general strike of which is N. 65° E. and the general dip 35°
NW. On Caribou Creel, several hundred feet northeast of the
shafts, is an outcrop of a fissure that strikes N. 45° E. and dips 75
SE. 1t is believed to be the continuation of the antunony ‘Tode but
shows only a little quartz.-:- S

Three samples of nntunony ore collected from this property in
1906 were assayed. One yielded 4 ounces of silver to the ton, one

3 Prindle, L. M, Thc Bonnllield md Knnushm rcglons U 8. Geol. Burvcy Buu. 314, :
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2.76-ounces-of silver and 0.12-ounce of gold, and the third 0.12 ounce
of gold-but mo silver," Another sample,assayed for gold only, yielded
0.02 ounce-to the ton. I\o ore from th1= lode has been m.xrl\eted

Gl b e 2L M- b

STAXPEDE I.OIJE.

_ About mlles above the mouth of Slampedc Creek a tributary
of Clearwater Fork of Toklat River. from the southwest on -the
southeast wall of the valley, a claim has been staked on a lode deposit

- of stibnite, called the Stampede lode. The only work done here is a

large open cut excavated in 1916. The .country rock, a reddish
quartzite schist, as seen at the nearest outcrop to the lode that seemed
undisturbed, .strilkes northwest and dips 30° NE. At the outcrop of
the lode, near the top of a rounded ridge, the surface is covered with
a mantle of disintegrated rock, and the schist itself is much disturbed
by frost and by crecp. so that the relation between the ore and the
country rock is difficult to ascertain. In the fioor of the open cut
and art its face is 2 large body of nearly pure stibnite, apparently
at Jeast 12 feet thick. The ore in the face of the cut was faulted
and slickensided, and no good exposures of the contact of ore with
schist were seen. The ore contains only a little guartz. and one man
had in three weeks removed and stacked 40 or 50 tons of selected stib-
nite. almost entirely free from visible gangue or impurities and much
of it in lunps 6 inehes to 1 foot in diameter. The vein in which the
stibnite occurs, probably as a large lens, strikes northwestward and
apparently dips 65° SW. From this vein a branch vein of stibnite
strikes northeastward. The stibnite is mostly a close-grained, mas-
sive agaregate containing small scattered crystals but includes some
that is more coarsely crystalline. A sample of ore from this vein is
reported to have showed on assay a content of 69.8 per cent antimony,
1 per cent arsenic, and no silver or lead. Y

Another stlbmte bearing vein, which follows the genera] course
of the Stampede lode but contains much quartz, i said to erop out on
the opposite side of Stampede Creek. . No work has been done on it.

4 Gmn'
PRESENT DEVELOPDIE\ T

Tertiary dcposxts containing lignitic coal occur at intervals
throughout the area considered in this report. They are of large ex-
tent just east of Nenana River, in the Nenana coalfield, where deeply
cut valleys expose the formation’ ~which there contains numerous beds
of lignite. The coal-bearing beds in‘the Nenana field are overlain
by a heavy body of oxidized gravels, which in many places seem to
lie conformably upon them.- West of Nenana River, in the area un-
der discussion, outcrops of both the coul-bearing beds and the sue-
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d here and there -near-the north . flank of-thk
a5 far west ns.the headwaters. of Bearpa®s
ocalities there are beds of lignéte."N,o u
single exposure discloses ligmite in the abundance in which 1t 18 f({)un;t! e
in xZhe Nenana field. and it 1s doubtful whether it occurs so abul-
dantly elsewhere. The area of coal beds and the quantity of h'gmt: o
coal west of Nepana ILirver, however, may, be cut:of proportion S
the amount seen in the ouULCTOPs. In this area the beds :.n'e not gend B
erally dissected by deep valleys that have bare'“'all.s, as they :;ll’e 0; ,
Lienite and Healy creeks. but are bared by the cutting of small guk
neZ. Turthermore, 8 widespread blanket of later grnvel depqsxt;
covers the coal-bearing rocks, so that outcrops are infrequent :an
The widespread geographic distribution f’f thc beds‘ of th#s )
coal-bearing series. however, and the presence of ligmitic eoal'm the: .
beds at widely separated iocalities indicate .thut a much Inrge'r. qua .
tity of lignite than 1s DOV known may lie beneath a covering '(1‘

oer materials. R
yo%rll)zeioxcz:gte;s wost of Nenana River at which beds of hggl»te Wex?' ‘
seen arc bricfiv described below. Coum ;
-l

‘.

ceeding gravels-are foun
Alasla Range, st least
River. At some.of these

POOT.

TEELANIKA BASIN,

Savage River—Lignite 1s exposed at sever.al pl:}ces in the bas;ln,
of Savagze River, the castern branch of Teklanika River. The soutd; ‘
ernmostfof these exposures 1§ near LEwe Creek, & smz}ll Wg:shva'{‘hg .
flowine tributary that drains the north's].ope of the schxs.t m%unt:lxéha -
north of the Dry Creek-Savage Ri\’er_dn')dc. : A_bout amilea oggﬁhv
mouth of Ewe Creel. on Its north sx@c, there is a pr.omment 13, ;
colored biuff composed of decaved schist and blue-white c-lays. us““
east of this bluff, at the mouth of a small south_ward—ﬂov‘-rmg s‘crcargi
g 2-foot bed of wreathered limmite 1s gxposed. Its relatlons‘ mzs o
scured br vegetation and waste mnten;zl. ) A fev.v; 'hundned }art uy;
thoe same small gulch 2 10-foot bed .of lignite, striking aboult L;:zs f’m.,
dipping 30° S., forms 2 waterfall in the gulch. As the1 se ut, cx(lﬁs“.
out only a short distance both to the norq\. and south of this exposure,
the area underlain by coal at that place 1s p‘rob-axbly small.
On the north side of Ewe Creek a bed pf lignite that shows a nfm:;l-
mum thickness of 9 feet crops out at intervals at the edge o ’flm.
stream flat from the mouth of the creelf eastward for xfearlf)y e(;\S mile,
The relations of the lignite to the overlying and u_nderlymg be Nwerg
not exposed.. As this bed strikes N. 75° E. and dips.about 20°. -and,
thus lies beneath the broad beuche'; ;s?h ('xt ©
of several sguare miles. Jignite w riin,
x:;dm:;peared to biqaf about the sume grade as the ?vuagé'lfgnlt
of the Nenana field. .. e _
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““nQn the west side of Savage River, about .&-quarter of n mile below
theanouth of Ewe Creels,a-short section of . 14-foot lignite bed is
. poarly expesed in the bluff above the stream.. It strikes N. 85° E,,
30 - dips 15° N,,.and is overlain stratigraphically.by. 40 feet of cross-
W=, bedded sandstone.,_The coal-bearing beds at the top-of the bluff are

= : covered unconformably by a horizontal bed of coarse vellow gravel
. 8 feet thick above which lies a horizontal bed of fine gravel 20 feet
- thxek, A mile and a half below this outerop, along the same bluff,
.- the following section, which shows a total of 25 feet § inches of
» " lignite, in five beds, 1s excellently exposed: -

Bections ‘of lignitc-bearing beds o

dedrame. .

s

n Kacvage River, I3 miles. beloic -tie niouth of
Ewe Creek.

Ft.

. . in
[ B Horizontal terrace gravels 13
. ..  TUnconformity,
. Cl”y 24
Ei " Lignite G
i Pt Clﬂ_" 1 ']
“woiaXigoite 9
bt Ly 24
e Lignite . 1
‘7% " Cluys, sands, and silts o2
T 7 Bhale. ’ o
toi iQray sandstone o
~q57 . ;Liznite PR
"~ Dark gray shale 2
" : entss, Light gray shale s
: b "Dark gray shale 2
1 '—q_uo;@my gands S PR
L2 “Dark gray shale o
o, “Gray sands -
" glpoldanite G+

The strike of the beds gt the south end of the exposure is about N,
20°A¥ Jand the dip is 10° W., but toward the north end the dip steepens
in-a sharp flexure. At that end a Jignite bed, poorly exposed hut ap-
parently & or G feet thick, crops out and is seemingly at a higher
stratigraphic position than the top of the section given above. The
whole conl-bearing series is covered unconformably, at the top of the
blufl, by « horizontal bed of terrace gravel. On the cast side of Sav-
age River, a short distance above the exposure just described, « bed
of lignite, much disturbed by surface creep but apparently § feet
thick, crops out in-a small tributary valley. Its relations’to the beds
in'the section listed above are mot clear, but it should probably be

oomeluted with one of them. .. - ... oo L L
',‘_,'Ifhe,h‘;lxmerous outcrops. of lignite observed in the port of Savage

B}xer,bnsin that lies between the schist hills on the south and the high

g'mveiuridges on the north indicate that there is at this place & coul

Shdn -7 - .
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ﬁe]d Pro....iy several square miles in-area, in which lignite occurs in .
beds of workable thiclmess.- Time was not-available -for the careful
structural work necessary tor detcx'm'ine' the probable‘cmnt*‘of’-ﬂic;
several beds of lignite.- ' #r wiriindind -t
© A little unpure Il"‘nltc was observed in the east bank of Savage
"‘River about 12 miles 1bove its mouth, but no lar"e beds of ]wmte were

RV ST NS ._.\-1 Gaet

seen there. s e

Sanczuary chr—On the east sxde of Sanctum'y River, 3 mxles
above Its‘mouth, a 13-foot LIuff along:the stream shows a 3-foot lig-
nite bed interbedded with gray clays and gravels.” The beds here
have been compressed into an anticlinal fold. on the north"flank of
which the lignite dips below the stream level The general strike

of the anticline is east.
TORKLAT BASIX,

East Fork bf_ Tollat River~The East Fork of Toklat River is
formed by the junction of a number of northward-flowing streams
that drain the crest of the Alaska Range. The stream bars below
the junction contain a considerable amount of lignite in pebbles and
in small piles of fragments formed by the weathering of larger
pieces. The source of this material was not ascertained, but it is
almost certainly in the basin-like depression that forms a low divide
extending from a pomt near the head of East Fork of Toklat River
10 ~TOL1:1L River at its forks. -

Tolklat River~—On Tolklat River, near its upper foxks a low pass
connects the valley of the Toklat with the valley of upper Stony
.Creel. Three miles above the mouth of the stream flowing eastward
from that pass three beds of lignite from 1 foot to 4 feet thick are
reported by members of the Survey party to crop out on the south
side of the stream, but they were not visited by the writer. In the
same valley, about a mile above the mouth of the stream, a bluff com-
posed of the shales, gravels, and sands of the coal-bearing formation
shows a 2-inch bed of impure lignite.

EKANTISHNA BASIN,

*

Moose Creel:~XNear the extreme head of Moose Creek, a tributary
of Bearpaw River, in the Kantishna basin, which rises in the high
mountains 9 miles northeast of the terminus of Muldrow Glacier,
there is a basin-like area floored with beds of the Tertlary coal-bear-
ing formation. A number of exposures there show thin- beds of
carbonaceous materials and impure lignite. At one locality near the
Moose Creck-Stony Creck divide, on the north side of the valley

and 350 feet above its floor, is a weathered outcrop of & 12-foot bed™

of Jignite, which striles X, 80° E. and dips 55° S. This bed seems to*

N\

-

4

E’ ':’..-;— T o Ecoxomc GEOI_OGY. B G 18

P

he near the base of the coal-bearing formatmn at that place, and
overlies.a purpléI discolored shale, which is underlain by volcanic
~ material. "The outcrops of this bed of lignite were observed for a
-4 short distance along the flank of the mountsin, but the areal dis-
, .. tribution of the bed is not kmown, though its structural relations
. indicate that it dips beneath the beds to the south, and in this basin
. 1t may possibly have an area of a few square miles.
- Six miles below the lignite exposure just described Moose Creek .
forks, and fragments of lignite were seen in the stream gravels of
the northeast fork also. A hasty examination failed to disclose the
‘bed from which these fragments were derived, but it is reported that
a bed of lignite 10 feet thick is exposed along the south bank of that
fork about 2 miles above its mouth. Coal from this place has been
taken to the placer mines on Moose Creek and is said to be of fair
quality. Lignite is also reported to occur in the canyon along the

= north edge of Muldrow Glacier a few miles above its terminus.

Some fragments of lignite were noted on the bars of Glacier Creek
about 13 miles above its mouth. The deposit from which they were
derived was not seen, but it is evident that there are areas of the coal-
bearing formation in this locality, though they are for the most part
covered by younger gravels.

80549°—16——8
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Altred H. Brooks, Geologist in charge of awision.
Topograpny and control by C. E. Giffin, L. W. Bagley,

R. B. Olver, and D. C. Witherspoon.
Land surveys and incluaed topography by General Land Office.,
Geoaeuc position by Generzl Land Office and

U. S. Coast and Geodetic Survey.
Raiiroad location and survey of Nenana River by

Alaskan Engineering Commission (raitroad under construction).
Datum of C. E. Giffin &rea 13 mean lower iow water, Portage Bay,

derived from elevations by Alaskan Engineering Commission.
Eievations of other portions as previousiy published.

Surveyed in 1806, 1910, 1913, and 1916.
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Map 1, Addition of 1922,
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Map 2, Addition of 1932.
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JUNEAU, ALASKA -~ -

1924 .

ROUTE 46D—McKINLEY PARKTRAIL..(2 MILES WAGON ROAD
85 MILES TRAIL)

This trail leaves McKinley Park Station, Mile 318 Alaska Rail
road, passing through tite heart of McKinley National Park which
is tecming with wild life, and on into the Kautishna mining dis-
trict. The trail is used by trappers, prospectors, miners and tourists.

The past season actual construction work was inaugurated on
this route. A very good showing was made with the small allot
ment 2vailable. Two miles of road were built, including the follow-
ing items of work: .

Grading, 12 to 16 feet wide .o 1.9 miles
Clearing . 9.6 acres
Bridges, native timber ... 1—126-foot trestle
COTAUTOY  aoiceeccereeeeescrees s semeresessnsssssarenssansasnsaee cecemeeenane w75 feet
Culverts 52 lineal feet

The location was extended 3 miles beyond this season’s con-
struction. One-half mile of this season’s work was on a steep side
hill, a part of which was in solid rock. This section included some
of the heaviest work in the first 15 miles of the route.

It is the present plan to prosecute this work on a much larger
scale next season.

A portion of the money expended this season was contributed
by a private party through the Park Supcrintendent.

Expenditure:
Alaska Road Commission $4,261.49
Contributed . 700.28%
Total 34,961.:x
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[II. EXPENDITURE OF OTHER FUNDS SUPERVISED
BY THE BOARD. My P P
< g =
» COMPOSITE OF RECEIPTS AND '
.  EXPENDITURES FOR FISCAL YEAR 1924

FROM THE TWENWNTIETH ANNUAL REPORT
OF .THE ALASKA ROAD COMMISSION

(Original pages indicated)

EXPENDITURES IN DETAIL.
FEDERAL APPROPRIATIONS AND “ALASKA FUND” AND FUNDS

Fiscal Year 1920 and prior yraryg ...

Fiscal Year 1921:

1. For the Territory of Alaska: .
Kuskulana BRIGEE .o T80,

2. For the Chief of Engineers, U. S, Army: .
Rivers and Harbors, Fish Trupbsg, €lC i 1,602.5

TOLAE  cermmemecmrestasinnesssmetsstamteam s e e s e ae s s srast st somsaasisomtasssanes $ 23525

Fliscal Year 1922

1. For the Territory of Alaska: . A
Chairman, 3rd Division .3 "...81:.1.:
Chairman, 4th DIVISION st 21.365.4n

2. For the Quartermaster General, U. S. Army:

Ft. Wm. H. Seward water supply 2.5m2.n2

3. For the Chief of Engineers, U. 5. Army: o
Rivers and Harbcors, Fish TTaps, ClLC. .cimmcriminmmronees 47.503.46

TOLAL e mnese sttt et s s e s s ba sy e smneseab e e s $ TY.INZGT

Flscal Year 1923:

i, For the Territory of Alaska: _—
Chairman, 3rd Division H }lsl{l.{fzi.l.
Chairman, 4th Division ... 24'(‘1:!.6'
Seward Peninsula Railroad MINGS

2. For the Chief of Engineers, U. S. Army: R R
CONTRIBUTED BY THE TERRITORY OF ALASKA AND OTHERS. Rivers and Harbors, Fish Traps, €lC .mmecomsimri. 21.145.12
B 3. For The Alaska Rallroad $1.590.570.09
- Total $1,662,2U8.69
ANNUAL REPORT ALASKA ROAD COMMISSION. 157 Fiscal Year 1924:
1. For the Territory of Alaska: 14,994, 56
EXPENDITURES IN DETAIL~—(Continued.) Chajrman, 3rd Division § R
48D MeRinley Park Trail . 3,301.49 gen.on AN ¢
AL Diumoand>Telida™ . ererreretemrnneare romamreerreine .52 AL ccoun ; X .
46G  Kobi-Ronnifletd 538.73 s No. Name Miles Expenditure
47 Coldfoot-Wiseman .. 1,942.61 .t . 3 KU
49 Davidson's Landing-Tay¥lor ... ... 4.221.25 L5 s gg“;g}:gf%“h _________ oo 481420
51 Talkecetna-Cache Creek. Ist.Sec. 11.413.12 5.0n0.00 ,]G.-tl...lu 351 Palmer-Mile 26% b:: }‘\;('J”tllg
. 35Q Edlund Road ... - - -2 Yon a5
» R 55 Kenai-Russian River . 60 ;’;';‘\, .
- 61 Streln:\-l{usLlful:‘nmR_ ...... . }31 1;33,{.‘.
. . Anchorage-lsagle River .. ‘2 o
164 ANNUAL REPORT ALASKA ROAD COMMISSION. B AN hortelLake Spenard " 25323
753 Whitney Road .. 6 1-3‘1”4'-3“1
75C Chester Creek Boat L.?jmhn;:l }v L0881
v ive idg Cratl. o R
”. (‘O‘\TRIBUTED FUNDS. 93A Bull River Bridge and Trar ! e
ACT OF CONGRESS APPROVED JUNE 30, 1921, ALASKA Totals 11614 $  14,993.86
SPECIAL FUND. Chuairman, 4th Dlvision $ 20,000.50
e Territory: - Ac;\-‘mmt N Mil
O, Name i Sxpe
.\C(k.A‘KiSl:lll"'(‘ approved April 21, 1919, “ He Hes Expendlture
Public Roads, Bridges, Trals end Ferries. Overhead 3 70.00
. TA Summit-Chatanika . Guu.uY
Fiscal Year: m Fox-Olnes (Includes Dome Cr.).. 2,112.00
199 $115,617.94 T Summit-Fairbanks Creek 3 1.500.01
1921 85,746.61  $201,264.55 | 71 Lister Creek . I 4,955.00
—_— DA Eollclgo Spur - 5 Su. 60
. TGA azelle Road . . 186.00
Approved May 7, 1921, Public lcads, Bridges . 711 Little Eldorado - . 6 1.5?:1’).“(0
Trails and Fermes. : 731 Fairbanks-Chena Hot Springs . 64 314.00
iscs N K Olnes-Livengood ... . 64 288.00
Fiscal Year: s 28.000.00 N Farmers’ Birch Hill . 9 3,145.00
ig;’l’ 13'237.28 7.\[".»\ é‘su.bclle Céeck e - 2 150.00
22 TEnn " 7 armer's Chena ough . 4% 1,000.00
1923 (INCIUAES $20. 45 FOTURA) oomoomoemorseeeerrorrn - 88.533.33 IRTT0.01 5y Gentral House-Circle Hot Spas. 9 1,200.50
e 234 Olnes-Boaver 16 2,680.00
Approved Mgz 21, Nizi idge. . 216 FYRTTTITETY
pp- 1 wa 5, 1921, Nizina Rliver Bridg Totul 31614 $ * 20,000.50
isca . e ;
To2s ear: s 5.000.00 . Tolovana Tram Road $ 6,400.00
1923 20,000.00 25.000.0012,  For the Chief of Engineers, U. S. Army:
—— . .
Rivers and Harbors, Fish Traps, etC. ..o - 37,802.90
Approved May 7, 1921, Shelter Cabins. Improvement of Nome Harbor ... 17,890.03
Fi Improvement of Wrangell Harbor 6,325.46
iscal Year: Survey of Tolovana River ... 300.00
19322 .$ 6,500.00 Preliminary Examination of Yukon-Kus-
1923 3,500.00 10,000.00 kokwim Portage 2,972.15
. ——— )’relg)nin:ny Examination of Gastineau
wannel and adjacent waters, 63.
Approved May 4, 1923, Investipntion of Port Facilities 2%8%
Fiscal Year 1924: Public Hecearings, Fish Traps, ete, 10,237,26
Shel((}l‘ Cabins s 15'00000 -
Public Itouds, ctc. (refunds $635.78) 91,961.13  106.561.13 Total $  37,802.90
Total Territory ! $502.996.29 83 For The Alaska Rallroad $ 1,611,878.05
% By Others: N Construction and Operation of Railroads in
g Alaska et et 161,745.97
Fiscal Year 1922: _ 02 Construction and Kquipment of Railroads
City of v .8 220 ‘ in Alaska, 1922-23 ... 401,613.81
Cili" 3{ “.;:lne;t“ 500.00 - ' and Operation of Rajlroads
City of Sitka 501,00 . Loodn Abemka, TU23 210.482.17
Alpine Club of Ska rway 463.75 1,683.77 Conxtruction and Dquipment
. DHALWI e in o Alaska, 1923-24 e 323,188.02
< Maintenance and  Operation
Year 1923: I Alaska, 1924 e, 394.212.71
" ty of Valdez $ 601.83 Operation of River Steamboats, 1924 20,635.37
tty of Juncau .. 777.71 1,879.54 LT
. —— Total $1,511,878.05
Fiscal Year 192¢: . Tor N t | p
) ilﬂwnrt & Denhart s £40.00 . oi ationa ark Service:
~— - Nationai p; Serv 500.00 T Mt McKintey National P:
Cilty 707" T Service s T g 500,007 T 4,540, 007] ———"" - ntey Nationul Park_Road . e § 700.25__
—————
—————— Total of Supervised Funds, Fiscal year 1924 .._..__.$ 1,591,775.56
Total C $510,699.6v oo T T EEn e B
ontributed Funds Grand Total, Supervised Funds rmremresrmenmrsmsenness § 3,872,943.87

Grand Total, All Funde
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46D0—The McKinley Park Scenic Road was extended 8 miles.
This project was initiated as a cooperative project between the
Alaska Road Commission and the National Park Service in 1922.
The Alaska Road Commission has been utilizing {ts funds in re-
connaissance, surveys, location, purchase and freighting of sup-
plies, accumulation of equipment, etc., so that upon National Park
funds becoming available, work could be aggressively pushed ahead.

The National Park section of the project was adopted by Con-
gress in the Act of April 9, 1924, providing for a 3-year road pro-

gram for the National Parks. It provides for the construction of
33 miles of road and 70 miles of trail within the Park at a first
cost of $272,700. The first National Park funds to become avail-
able were appropriated by the Act of March 3, 1925, for the sup-
support of the activities of the Interior Department. $80,000 were
allotted to this project for the fiscal year.

At the close of the fiscal year an office building 2ix26 feet,
a one story frame structure painted and containing 4 rooms, was
erected at McKinley Park Station; also a one story frame ware-
house 30x45 feet with a railway unloading platform and with a
warm storage addition 15x24 feet. A powder house 10x12 feet
was erected at Mile 4, and two 14x16 ft. log cabins facing each other
with an 8 ft. roofed over space between at the Savage River Cross-
ing, Mile 13, were completed.

Eight Army tents 10x10 feet with 3 rounds of logs below, had
been erected on the 86 mile trail across the Park to Kantishna
post office. This trail had been brushed out, tripodded, and signs
erected during the fiscal year 1923.

Pinal location has been run for the entire 361 miles of road.
14 miles have been cleared and grubbed, 10 miles graded, and a
total of 8 miles from McKinley Park Station partially surfaced.
All supplies for the current season’s operations have been pur-
chased, landed at MecKinley Park Station and about 500 tons of
bridge lumber, forage, provisions, corrugated iron culverts, and
other supplies freighted over the snow to Savage River Camp, and
some bridge lumber and forage have been freighted on to the
Sanctuary River crassing at Mile 21. At the end of the fiseal year
there were expendable supplies on hand valued at 3$9,017.80.

Expenditures for the fiscal year, including supplies on hand and
cost of freichting over the snow: National Park Service IN0.020;
Alaska Road Commission $6,565.67, and the Tervitory of Alaska
fshelter cabin fund) $202.50; total 356.78S.17.
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United States Department of the Interior .
ALASKA REGION
T . 227 West 3th Avenue, #34 % .
- .- Anchorage, Aleska 99513.7584 Clal ) -
NPS.AK.306 (997)371-4131 auR Nov 1789
¢opy TOR ¥ .
ﬂﬁﬁ%hﬁﬂﬂ“ o
D e
R
Qctober 30, 1989 .
|9 o T -_+q
4 P als 1
L lee Dmoh i
73/ £0 !
TO: Regional Diraector :gi =
Alaska Reglon ’ A
National Park Service MF%
L

FROM: Attorney

Ooffice of tha Regional Solicitor ‘
Alaska Region .

SUBJECT: Review of Memorandum on Legal
' - Status of Denali Park Road
Your Ref. L3027 (ARQ-OQL)

Pursuant to your request to this office, we have reviewed
your memorandum of July 8, 1988 from tha Chief of the Land
Resources Division concerning the Denali Park Road. We have no
legal problems with the five fact issues discussed or the inter-
pretation of these facts. Wa would like to suggest certain
information which might holster your opinion.

Attached is a legal opinion on Kantishna Road of Linda )
walton, Assistant Attorney General for the State of Alaska, dated
September 23, 1982, in which'sha f£inda  that the National Park
Service dogs . -have authority:to-restrict travel and regulate the
#RantighnaeRead® vithin the- boundaries of the 1932 park. Although
her meng:cenfamplitas the existence of a possible easement by
inmplicatisssuy necosslty over this portion of the road (a position
with whicitugudigadrae), she does recognize that there would be no
legal ne#tatg¢d. lnpose 'such an eagsement. On the whole, it appears
that thiz opinion: from tha Attorney General’s Office supports

* National Park Service juriasdiction and ownership of the Denali
Rozad. '

It should be noted that in the opinion of the Agsistant
Attorney General of Alaska there is referenca to the Highway aAct
of 1956 (PL 84~-627). The funds for expenditures in areas adminis-



Ragional Director, Alaska Reglon, NPS
Legal Status of Denall Park Road
October 30, 1989 = Page 2 of 2

-

tered by the National Park Service were appropriated for the
-.Secretary of Interior to be administered pursuant to 16 U.S.cC.

§'8, et seq. Therefora, this Act does not in any way bolster

jurisdiction of the Department of Commerca over the park road.

To the extent that the Denali Road is within the park as it
evisted prior to January 30, 1922, 16 U.S.C. 347, the authority
and ownership of the rvad iz very clear. Before there was any
construction on tha road, in the mid-to~late 1920’s, the Secretary
of the Interior was given exclusive control aver the construction
and improvement of roads in national parks on April 9, 1924. .16
U.S.C. § 8. This Jjurisdiction has naver been repealed or txans-
ferred, so that any construction on the road within the pre-1932
park was under the direction and jurisdiction of the Department of
Interjor. Therefore, for the portion of the road in the pre-1932
park, 1t is c¢lear that no one but ths Secretary of Interior has
ever had jurisdiction. .

If you have any questions, please call Regina Sleater of this

office at 271-4131.
. Christopher Bockmon

Attadchment
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'MEMORANDUM State of Alaska

T0: Robert Venusti, Director DATE: September 23,1982
Planning and Programming
Department of Transportation FILE NO:
600 University Avenue, Suite D
Fairbanks, Alaska 99701 TELEPHONE NO:
FROM: 1,inda Walton SUBJECT: T,epal Opinion on
Assistant Attorney General "Kantishna Road

604 Barnette, Room 228
Fairbanks, Alaska 99701

At your request, I have researched the authority of the
National Park Service to restrict access to the Kantjishna Road,
via the McKinley Park Road. The combined Park and Kantishna Road
crosses the northern part of the area formerly known as Mt.
HcKinley Park and passes from the northern park border on to the
Kantishna through the area known: as the Denali National Monument
(Preserve). The Park Service purports to have regulatory

authority pursuant to 36 CFR 1 -~ 7, as authorized by 16 USC 3,
which provides:

The Secretary of the Interior shall make and publish
such rulés and regulations as he may deem necessary or
proper for the wuse and management of the parks,
monuments, and reservations under the jurisdiction of
the National Park Service, and any violation of any of
the rules and regulations authorized by this section
and sections 1, 2 and 4 of this title shall be punished

. by a fine of not more than $500 or imprisonment for not

:  exceeding six months or both, and be adjudged to pay
all costs of the proceedings. . . .lle may also grant
privileges, leases, and permits for the use of land for
the accommodation of visitors in the various parks,
monuments, or other regservations provided for under
section 2 of this title, but for periods not exceeding
thirty years; and no natural curiosities, wonders, or
objetts of interest shall be leased, rented, or granted
to anyone on such terms as to interfere with free
access to them by the public. . . .And provided
further, That no contract, lease, permit, or privilege

... granted shall be assigned or transferred by such
grantees, permittees, or licensees without the approval
of the Secretary of the Interior first obtained in
writing:...

The State, on the other hand, received, pursuant to the Alaska
Omnibus Act, a quitclaim deed to the road from the Department of
Commerce. The quitclaim deed covers the road only from the
northern park boundary to Kantishna airfield and is 200 feet wide
by authority of PLO 2665 where it is mentioned as a "feeder road.
There may be some limitation on the right to federal government's
legal control over access via the McKinley Park Road, based on a

02-001A(Rev.10/79)
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written or implied easement, but the legal remedy is unclear.
However, to determine the true status of the McKinley Park road,
additional research into U.S. or territorial government archives
will be necessary. I will outline below the relevant history and
law which leads to my tentative conclusion.

HISTORY

Mount McKinley Park was first created in 1917, and its
boundaries were extended in 1922 and 1932, by 39 Stat. 938, 42
Stat. 359, and 47 Stat. 68, codified at 16 USC 347 and 355.
Until 1932, the Park did not extend as far as Wonder Lake.

I have researched the records of the Alaska Road Commission
(A.R.C.), and discovered the following:

The commission was created by act of 1/27/1905 under the
authority of the War Department. There were several entities
with authority over roads,.in the years following. In 1916, the
Department of Agriculture was given control of the Bureau of
Public Roads, by the Highway Act of July 11, 1976. However, this
act was, according to the Alaska Road Commission, largely in-
applicable in Alaska and roads remained under the War Department.
The Federal Highway Act of 1921 transferred responsibility from
the Council of National Defense to agriculture, but excepted the
powers and duties of agencies dealing with national parks and of
military agencies dealing with highways wused primarily for
military purposes. This law apparently did not affect any roads
in Alaska, as the A.R.C. continued under the jurisdiction of the
War Department. Agriculture had jurisdiction in Alaska only over
national forests in Southeast Alaska and Chugach. 1In 1919, the
Territorial Road Commission (TRC) was created by H.B. 25, 1919
Session Laws Ch. 11. The act provided in part:

Section 2. The Territorial Board of Road
Commissioners shall have authority to enter
into co-operative agreements, with the
Board of Road Commissioners for Alaska, and
the Secretary of Agriculture of the United
States, or other federal authority, for the
construction, repailr and maintenance of any
public road, bridge or ferry, within the
Territory of Alaska. In  the case of
co-operative work, the Territorial Treasur-
er 1ls authorized to deposit in the United
States Treasury, the funds agreed upon to
cover the share of the Territorial Road .
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Commission in such co-operative projects as
are entered into, in accordance with the
provisions of this Act. Such funds shall
be expended by the Disbursing Officer of
the federal authority designated in the
co-operative agreement, and a detailed
statement of expenditures from such funds
so deposited shall, upon the completion of
the project for which they were deposited,,
be furnished to the Territorial Treasurer.
Any unexpended balance of such Territorial
funds shall be returned.

It 1s probable that a legal document of some type exists
which outlines the expectations of the A.R.C., the T.R.C. and the
National Park Service, because of the below described sequence of
events, regarding this road.

The first mention of a road to Kantishna is found in the
1921 reports of the Alaska Road Commission, which designate it as
Route 46, and note expenditures by the Alaska Road Commission of
$4,571.63. However, the 1922 Road Commission’ reports make it
clear that the 1921 Kantishna road extended from Lignite to
Kantishna, mnot through the Park. The 1922 report labels the
Lignite-Kantishna road as 46B.  The 1922 report also notes plans
to builld route 46D, in cooperation with the National Park
Service, from Mile 344 on the railroad through the Park to the
Kantishna Post Office and then in a loop back to Mile 63 on the
railroad '"through the finest hunting round in Alaska'".  This
route 1s the route followed by the, present Kantishna road,
through the Park, as far as Kantishna. By act of Congress on
April 9, 1924, the National Park Service was authorized to
construct roads within Park boundaries, and the first funds were

appropriated to the Park Service for the McKinley Park road on
March 3, 1925,

The Alaska Road Commission reports concerning this road in
subsequent years are attached. It appears from these that the
road was constructed through the section of land within then
existing Park boundaries, primarily with Park Service funds,"
although the Alaska Road.Commission, Territorial Road Commission,
and private individuals also contributed. Clearly, the section
of the road outside the Park boundaries (as they existed before
1932) was not paid for by the Park Service, but by the Alaska
Road Commission and Territorial Road Cormission. It also appears
that - work was first performed on the road within the then
existing Park boundaries by Alaska Road Commission funding and
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private contributions in 1923, before the Park Service had funds
to contribute. The road was used for access to mining claims and
hunting aress, and by trappers, prospectors, and tourists; the
Commission notes that one of the primary purposes of the road was
to develop traffic for the government railroad (Alaska Railroad).
Since the purpose of construction was obviously for public use,
it may well be that before the ARC or private contributors began

construction through the Park, they had some type of access
agreement with the NPS. :

The portion of the road beyond the Park Boundaries, as they
existed before 1932, became a public right of way pursuant to RS
2477, through public use and the acts of the ARC and TRC. 43 USC
932 (RS 2477) was repealed October 21, 1976, but without
affecting rights previously acquired thereunder. It provided:

The right-of-way for the construction
of highways over public lands not
reserved for public uses, 1s hereby
granted.

Thus, 1f a road or traill existed prior to 1976 and prior to
withdrawal of the relevant portions of the land for Park
purposes, that right-of-way would still exist. This law is
clearly helpful as to the Denali Preserve portion of the road and
to the portion outside the pre-1932 Park boundaries, but probably
does not apply to the rest of the Park portion, unless my
information is incorrect, and a trail was, in fact, there before
the 1917 act creating the Park, withdrawing the land from entry,
and reserving it for public uses.: In GColorado v. Toll, 268 U.S.
228, 69 L.Ed. 927 (1925) the Supreme Court allowed the State of

.Colorado to maintain a sult intended to prove that an RS 2477
right of way existed prior to creation of Rocky Mountain National
Park and that therefore, the Park Service could not regulate the
public road. I do not know the ultimate decision regarding this
road, as it 1s not again reported after remand. Subsequent
cases,..infra, have questioned the holding in Colorado v. Toll.

In 1932, by 48 USC 321, control over and responsibility for
construction of roads in Alaska was transferred from the Alaska
Road Commisgsion, under the War Department, to the Department of
the Interior. The Department of the Interior also at that time
had control over the national parks, and in that same year the
Park Boundaries were extended beyond Wonder Lake. The records of

the ARC probably were also transferred to Interior, including any
posgsible agrecment regarding the road.

The Highway Act of 1956 (P.L. 627) transferred road
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authority from the Department of the Interior to the Department
of Commerce. The 1956 act gave authority over forest service
highway appropriations to the Department of Commerce for
apportionment in the states and in Alaska (Sec. 103). The Act
also appropriated funds for expenditures in areas administered by

‘the National Park Service (Sec. 104a), without stating who would

apportion and administer the appropriation. = Money was also
apprepriated for expenditure within Indian reservations on roads
"provided that the 1location, type, and description and. . . .
construction shall be under the general supervision of the
Sccretary of Commerce"” (Sec. 104(c)). Presumably, construction
of Park roads was also intended to be under Commerce authority.

Thus, = if this 1road was “improved after 1956, (my
understanding is that road improvements or expansion did occur in
the 1950's but, but I have been unable to verify this) it was
probably improved with funds under Commerce control. This would
not necessarily mean that the Park Service 1is deprived of
regulatory authority, but again there may be some memorandum of
agreement regarding public access. ‘

Section 107(a) authorized the Territory of Alaska to share
in funds "herein or hereafter authorized for projects on the
Federal-aid primary and secondary highway systems. . . with the
money to be expended by the Secretary of Commerce directly or in
cooperation with the Territorial Board of Road Commissioners, and
Scection 107(b) provides:

« + o« functions, duties and authority
pertaining to the construction, repair and
maintenance of roads, tramways, ferries,
bridges, trails and other works in Alaska,
conferred on the Department of the Interior
under the act of June 30, 1983 (47 Stat.
446; 48 USC 321a), are hereby transferred
to the Department of Commerce and
thereafter shall be administered by the
Secretary of Commerce or under  his
_direction by such officers as may be
designated by him.

The legislative history found at 1956 U.S. Code Cong. & Ad.
Hews 2893, provides in part "with the transfer of functions
there is to be transferred the personnel, funds and property used
or held in connection with those functions."

However, the Tesponsibility for the Park Service roads was
not conferred on the Department of Interior by 48 USC 321(a),
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but, rather, by national park legislation previously cited, and
by the act of 1/31/31, 46 Stat. 1053, 16 USC 8a-c. Thus, this
law did not transfer Park Service . roads from Interior to
Commerce. It would, however, have transferred any interest in
the Kantishna Road (including rights of access to it via the Park
Road) held by the Alaska Road Commission pursuant to an agreement
between the TRC, ARC and NPS, and the commerce quitclaim deed
would have transferred the same interest to the State of Alaska.

On December 1, 1980, Congress again extended the
boundaries of McKinley Park by adding Denali Preserve,
and renamed the whole, Denali National Park and
Preserve, by Section 202(3)(a) 16 USC, 410 hh-1 of the
Alaska National Interest Pands Conservation Act.
Section 203 provides in part 'subgect to valid existing
rights, the Secretary shall administer the ands,
waters and interests therein, added to existing areas
or established by the foregoing sections. . . as new

areas of the National Park System pursuant to. . .16
USC 1 et seq."” :

Thus, whatever rights the State had in the road prior to
Deccember 1, 1980, it clearly retained thereafter. As to that
portion of the newly withdrawn ("Denali Preserve'" or '"Monument'),
the State surely had unfettered rights to regulate and develop
and maintain the road from the time of the Commerce deed forward.
The State would also have, in the absence of an agreement to the
contrary, an RS 2477 right of way in that portion of the Park
Road beyond the pre-1932 boundaries. And 1if there was an
agreement of some type regarding a right of public access across
the McKinley Park portion of the "road it might remain in effect
or might have expired by its own terms. I have not yet searched
for TRC archives, as you may not wish to have that extra time
spent in view of the conclusion below.

COMMON LAW DOCTRINES POSSIBLY APPLICABLE

In the absence of a written agreement, common-law doctrines
such as easement by implication or mnecessity may protect the

State and the g\blic s right to gain access via the Park road to
t

that part of e Kantishna Road beyond the Park Boundary, which
clearly is a State highway

An easement by implication can be decemed to exist by
operation of law 1f, wupon conveyance to a third party there
exlsts and obvious servitude over one part ‘of land owned by the
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grantor, to the portion conveyed. However, an easement will not
be implied where there is evidence that no easement 1is intended.

In this case all the property was once 1n common
ovnership of the United States, and in fact upon passage of 48
USC 231(a) the road through the Park, and the continuation of the
road beyond to the  Kantishna, were both under the common
ownership of the Department of Interior. Thus it could be argued
that upon conveyance of a portion of the road to Commerce, and
then to the State, an easement by implicztion arose over the
unconveyed portion within Park Boundaries. Whether an easement
will be dimplied depends upon the apparentness, permanency,
continuousness and necessity of the use implied. Since this road
probably was the primary access road to the Kantishna at the time
of Statehood and had probably been used continuously by those
residing in the Kantishna, and since the road is reasonably
necessary for access, there is a good argument that an easement
by implication exists. However, I have not found a case one way
or the other which indicates whether the doctrine of implied
easements . may be - applied .- against governmental entities.
Certainly a prescriptive right cannot be acquired against a
soverelgn since no one can adverse possess against the sovercign.
But an easement by implication does mnot arise from adverse
possession, thus an implied easement might be found to exist over
government land. : T

’

Although the State has a possible legal claim that the
entire Kantishna Road d1s a public road, based either on an

‘agreement or an easement by implication or necessity, any lawsuit

over the same would be in federal court, and I suspect public
(and perhaps the judge's) sympathy would favor the federal:
government's right to control the road. Moreover, it is doubtful
that the State or private residents would have a right to an
injunction against the Park Service to protect their legal
property rights, in light of recent case law. Several cases,

Switzerland Co. v. Udall, 337 F.2d 56 cert den 380 U.S. 914, and

Arthur v. Fry, 300 F. Supp 622 (1969) have undermined the holding

in Colorado v. Toll, supra and held that neither a State nor pri-
vate parties may sue the federal government or federal Park Ser-
vice employees to enjoin obstruction of roads because the
doctrine of sovereign immunity precludes suits for injunctive
relief. The opinions have suggested that the Park Service may
take public or private rights of way, away from their owners, and

that the only remedy {s 1n damages (i.e. tort or inverse
condemnation. -
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ANSWERS TO SPECIFIC QUESTIONS

In the absence of an agreement to the contrary,

(a) The Park Service probably does have
authority to restrict travel, to the extent
deemed by the Park Service reasonably
necessary for accomplishment of TFark
Service goals. Attempts to  "uncond-
itionally restrict travel" could be resist-
ed by the State, but because of the above

cases an injunction might not be
obtainable, and damages may be the only
remedy.

(b) The Park Service can restrict public
use of the road at night, after shuttle bus
service ceases, so long as some recognized
purpose of the Park Service is furthered by
such restriction. I assume reasons such as
protcction of wildlife could be argued, as
well as conflicts with daytime bus traffiec.

(¢c) The question of whether the Park Ser-
vice can allow some classes of citizens
access, but not others, is a very close
one. Absent public or private easement of
some type, the Park Service is fully em-
powered to decide which ktlasses of wvehi-
cles, i.e., commercial, or tourist will
have access, and discrimination between
types of users has been repeatedly sus-
tained pursuant to 16 USC 3. However, if
there 1s an easement by implication over
the Park road, to the portion of the road
- which 1is State-owned, the easement 1is a
public easement, not a private one. The
logical conclusion would be that the Park
Service, therefore, cannot discriminate
against members of the public, depending on
their business in the Kantishna. However,
some cases involving implied private ease-
ments have held that the use of the ease-
ment cannot become excessive, that the
easement is only implied for the types of
travelers and uses expected at the time 1t
was created. I suspect that a court would
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apply this reasoning and conclude that the
Park Service can differentiate between
classes of citizens including beneficiaries
of public or private easements, in allowing
access even if an easement or public right
of way does exist. Moreover, if any member
of the public, or the State sued over Park
Service restrictions, as stated above the
probable remedy would be in damages, rasher
than injunctive relief.

(d) Continued expenditure of public funds,
including State funds, is legal even though
the Park Service can landlock the public
highway, so long as the Park Service has
not yet taken action totally to cut off
access. There 1Is nothing in State statutes
which specifically precludes expenditure of
State funds in a situation of this type.
However, public funds may be expended only
for public purposes. The "purpose' section
at AS 19.05.125 is probably most relevant
to this question. It provides:

The purposes of ch. 5 - 25 of
this title 1s to establish a
highway department capable of
carrying out a highway planning,
construction, and maintenance
program which will providé a com-
mon defense to the United States
and Alaska, a network of highways
linking together cities and com-
munities throughout the state
(thereby contributing to the de-
velopment of commerce and indus-
try In the state, .and aiding the
extraction and utilization of its
resources), and othexrwise improve
the economic and genexral welfare
of thé people-of the state.

I believe that expendlture of State funds 1is justifiable
here on the theory that even though access to the State road is
subject to federal restriction, the State road aids in the
extraction and utilization of State resources, and links together
communities. However, the advisability of expenditures 1is
subject to question. In view of the fact that the Park Service
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probably could entirely shut down the road with the State's only
remedy being damages for its loss, it ' may well be more beneficial
to expend State funds on development of a new unrestricted road
to the Kantishna, rather than on a road which may not be usable
in the future. Moreover, if expansion of use by private property
owners, mandated a widening of the road within the Park or
Preserve boundaries, it is highly unlikely that the State could
secure additional lands or federal financial assistance for such
a project, . : .

The relevant statute involving expenditure of federal funds
is 23 USC 138, which provides:

It 1s hereby declared to be the na-
tional policy that special effort
should be made to preserve the natural
beauty of the countryside and public
park and recreation lands, wildlife
and waterfowl refuges, and historic
sites. The Secretary of Transporta-
tion shall cooperate and consult with
the Secretaries of the Interior, Hous-
ing and Urban Development, and Ag-
riculture, and with the States in de-
veloping transportation plans and pro-
grams that include measures to main-
taln or enhance the natural beauty of
the lands traversed. After the effec-
tive date of the Federal-Aid Highway
Act of 1968, the Secretary shall not
approve any program or project which
requires the use of any publicly owned
land from a public park, recreation
area, or wildlife and waterfowl refuse
of national, State, or local signifi-
cance as determined by the Federal,
State, or local officials having ju-
risdiction thereof, or any land from
an historic site of national, State,
or local significance as so determined
by such officials unless (1) there is
no feasible and prudent alternative to
the use of such land, and (2) such
program includes all possible planning
to minimize harm to such park, recre-
ational .area, wildlife and waterfowl
refuge, or historic site resulting
from such use. In carrying out the

10
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national policy declared in this sec-
tion the Secretary in cooperation with
the Secretary of the Interior and ap-
propriate State and local officials,
is authorized to conduct studies as to
‘the most feasible Federal-aid routes
for the movement of motor wvehicular
traffic through or around national
parks so as to best serve the needs of
the traveling public while preserving
the natural beauty of these areas.

Any additional rights or way granted would be revocable without
compensation pursuant to 36 C.F.R. 14.9m, which provides:

That [a] right-of-way herein granted shall be
subject to the express covenant that it will be
modified, adapted, or discontinued if found by the
Secretary to be necessary, without liability or
expense to the United States, so as not to
conflict with the use and occupancy of the land
for any authorized works which may be hereafter
constructed thereon under the authorlty of the
Unlted States

CONCLUSION

In summary I would say that 1if the State wishes to
pursue a claim that it has an easement to the Kantishna Road via
the McKinley Park Road, such an, argument would be supportable,
especially 41f a search into ferrltorlal Road Commission or
federal government archives revealed & written agreement.
However, the federal government could elect to pay compensation
rather than allowing access, and there is little the State could
do to prevent extinguishment of its rights by compensation., The
impediments to further development of this road outlined above
should... cause the State to give serious consideration to
development of an alternative route, 1f indeed the same 1is
justified by present and projected future activity in the
Kantishna area,
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Mr. Stan Leaphart
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Fairbanks, AK 99701

STan
Dear‘ﬁg,;ggaﬁﬁgféz

This letter is in response to correspondence you have sent to the Attorney
General and I regarding state ownership of the Nabesna Road in the Wrangell-

' St. Elias National Park and Preserve, and the McKinley Park Road in the
McKinley National Park and Preserve. With regard to your first letter.
addressed to the Attorney General and dated September 1, 1987, by memorandum
dated October 30, 1987 the Assistant Attorney General assigned to answer your
request concluded that your questions could not be answered on legal . .
principles alone and suggested that the appropriate procedure would be to have
the line agencies involved answer your questions as a policy matter. 1In this
regard, this letter represents answers that the Department of Transportation
and Public Facilities (DOT&PF) can provide to your questions and may be viewed
as a policy statement of this department for the roads you have referenced.

I have been requested to state as a matter of policy what ownership interest
the department wishes to assert in the two roads you have asked about. Having
said that, I hope it is understood that this letter is not intended to provide
a legal analysis of the ownership issues that may be involved and if one is
needed you should pursue that as an indgpen@ent request from your agency.

In your letters you have linked together the Nabesna Road and the McKinley
Park Road as if the state has an equal interest in both roads. 1In our
analysis of the issues involved, DOT&PF views the interests we have in these
two roads as being of different origin with distinct historical uniqueness.

We have a history of controlling and maintaining the Nabesna Road, which is on
the State Highway System, while we have had no known contreol or responsibility
for the McKinley Park Road. For this purpose, I have separated my discussion
of the two roads into separate segments of this letter to avoid any confusion
regardlng our view of this matter. We feel that the question of what rights
we have in the respective roads should not be intermingled.

MCKINLEY PARK ROAD

You have raised the possibility that the state may be able to assert an

RS 2477 right-of-way for the McKinley Park Road. 1In all references that we
- have seen regarding the develcpment of the current McKinley Park Road, there
s is no evidence that a trail existed prior to the formation of the McKinley

23A-TILH
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National Park. In fact, contemporaneous records of the Alaska Road Camnission
concerning the develcpment of the McKinley Park Road would appear to be
conclusive that a trail did not exist prior to the formation of the Park. As
you are most likely aware, RS 2477 granted rights-of-way over federal land not
otherwise reserved. Since our information would indicate that the Park was
reserved prior to the road being developed, it would tend to discount the
advisability of attempting to assert that an RS 2477 right-of-way may exist on
the McKinley Park Road. As with all of our historical research, we remain
open to new facts being raised which would shed additional light on the issue.
However, the state has never asserted an RS 2477 right-of-way over the

McKinley Park Road and I have seen no new evidence to cause us to recon51der
our position.

You have correctly noted that the Quitclaim Deed of 1959 fram the Secretary of

Camerce to the State of Alaska includes a reference to the McKinley Park

Road. We cannot explain how the Quitclaim Deed ended up referencing the
McKinley Park Road since historical documents would not lend credibility to
its inclusion. As a general rule, we would agree that the inclusion of a road
in the Quitclaim Deed raises a presumption that responsibility for the road
was transferred to the state. However, historical information we have
reviewed would cast doubt on this presumption and would instead raise a
likelihood that the McKinley Park Road portion of FP 52 was inadvertently
included in the Quitclaim Deed. In 1964 DOT&PF recognized this probability by
dropping all references to the McKinley Park Road from the State Highway
System. As stated previcusly, we have never had any known control or
responsibility for the road. Again, we remain cpen to new evidence being
presented to us that would shed additional light on the issue.

NABESNA ROAD

Our understanding of the situation with the Nabesna Road is completely
different. We believe that the Department of Camerce's Quitclaim Deed of
1959 transferred to the State of Alaska "all rights, title, and interest of
the Department of Cammerce" in the Nabesna Road. Although this language at
first glance would seem to convey a fee interest to the state, our
interpretation of the interest that the Alaska Road Camission held, which was
later transferred to the Department of Cammerce, was a duty to locate, design,
construct and maintain roads in the Territory of Alaska. The department's
position is that it was this same interest that was transferred to the State
of Alaska by the Omnibus Act of 1959 and the subsequent Quitclaim Deed.

With regard to the interest we have in roads conveyed by the Quitclaim Deed,
it has always been_the policy of this depaxtment to vigorously defend our .
right, to camlete control over all.hlghwayswand~roads_dul¥,;:§9§ﬁEEred Qo the
state. Toward this end, the department has actively asserted any and all
powers necessary to insure that all rights-of-way are protected for the use
and enjoyment of the public and that the department's ability to perform the
duties it is charged with under the statutes of the State of Alaska is not
restricted. It is not, however, the policy of this department to assert
powers beyond what we reasonably believe to be those conveyed to us or are
necessary for the performance of our statutory duties.
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In short, with regard to the Nabesna Road, it is our view that the state
possesses exclusive control of the road right-of-way as a result of the
Quitclaim Deed. In addition, we also believe the state could assert an .
RS 2477 claim to the road if necessary. While there may be same who would
want to debate the technical legal classification for the interest we have in
the Nabesna Road and other roads transferred under the Quitclaim Deed, we
maintain that our right to control the use of this road is not limited by
federal authority. Any claim of right beyond that necessary to carry out our
statutory duties is unnecessary.

GENERAL RS 2477 ISSUES

Your letter to me of February 12, 1988 also raises same points concernlng the
develcpment of a state policy on RS 2477 rights—of-way which need
clarification. For your information, this department shares responsibility
with the Department of Natural Resources for the development of a state RS
2477 policy. This department's camnitment is to the protection of potential
RS 2477 rights-of-way which may serve as future transportation corridors or
highways and, as such, we will continue to play a central role in the
resolution of the RS 2477 issue.

At the present time both departments have been concentrating their efforts to
work with the Governor's Office in Washington D.C. so that discussions can be
concluded with the principles of the various federal agencies working on a new
federal RS 2477 policy statement. We are pleased with the results of these
discussions to date and will continue to support this effort as best we can.
Additional work here in Alaska is needed following campletion of this effort,
and we hope to re-initiate our policy efforts this summer.

Sincerely,

V/RY

Mark S. Hickey
Camissioner

cc: Judith Brady, Camissioner, Departmeﬁt of Natural Resources
John Katz, Special Counsel State/Federal Relations, Office of
the Governor
Lynn Harnisch, Regional Director, Northern Region, DOT&PF
Tom Hawkins, Deputy Cammissioner, Department of Natural Resources
Ray Price, Special Staff Assistant, Office of the Governor
_ Rod Swope, Special Staff Assistant, Office of the Governor
“Ron Clarke, Special Staff Assistant, Office of the Governor
Sally Gibert, Division of Govermmental Coordlnatlon, Office of the
Governor '
Jack McGee, Assistant Attorney General, Department of Law
M. Clyde Stoltzfus, Special Assistant to the Camissioner, DOT&PF
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NEMORARDUR for Mr. Saiths L
‘R Lignito-8¢ 13 Cree) ]

iy first saployrent with the Alaska Road Commission in 1920
covered a reconnsissance trip froa Lignite to the Kantishna and from )
Yan : . — // #a il rowd
faverables wagon road routs to the Kantishna from the .

Heport of this trip ia on f1le here. 7Ths Lignits route was rejscted
on ascount of gwanps. Great difficulty was experienced in getting
two mules through this country in September,

In spite of report, 40 miles of staked, definits looation was
rade froa Lignite in 1922~-and abandomed. In 1924 the Park road
was started.

Even a narrow road from Lignite to Stampeds Creek undex
present oconditions would cost at least. §750,000. The permanens
bridges Mr. Pilgrim rsquasts wounld cost from $50 to $150 & foot
and they would not be permanent . if cut dowm to apan only the
channels. According to xy 1920 report, 4005 feet of bridges would
bs required to reach Stampede Creei, exciusive of small crecks.
Twelve-foot wooden trestles, if suitable, could be built for $50 a
foot—12' steel for $150 a foot.

Anyone with sufficient expsrisnce lmows that tractor freighting
costs more than truck freighting om a good road.. OQur reaction if a
road 1is contamplated to Stampede Creek: that it be a bransh of the
Park resd. Bo country would be develepad between Lignita and Stampeds
by a'road., The Park Service might be interssted:in a branch dowm-
the Toklat to tha boundary.

~pL/C1 rseE

Hothing but tsmporary work can be done on the crozsings for a
sxall anownt of money, as has already bosn demsongtrated.

HANLEY STERLING, .
Acting Chief Engineer,

HS1Jd



Memorandum of November 16, 1920 from Hawley W.
Sterling, to Board of Road Commissioners.
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VALDEZ, ALASKA

sovember 16, 1920,
From Hawley W, Sterling, Fairbanks,

To: _
° poard of Road Commissioners, Juneau, -
P -
Sub HE
Ject Kantishna and Valdez Creek Reconnaissance Surveys,
fgentlemen: )

Having completed maps of the Kantishna and valdez
Creek regions, together with a table of comparison and a
table of approxdmate costs of two xantishna routes and also.
data on the preferred route to Valdez Creek, I have the
following written report to make of the trip and the various
routes traveled,

In brief, my movements after leaving Fairbanks on

July 27, at which time I was called here to confer with you .
regarding the proposed trip, are.as follows,-- left{ Nenana. - -
on July 31 and returned to my personal camp, remaining there- Q\ \
until August 23 when I cams to town to see-Mr, Frederick D, \\Qt‘ﬁn
Browne Engineer in Charge of the Alaskan Engineering Commisse- \9,\];
ion at Nenana, in regard to securing pack horses, Camp equipe- '
ment and supplies from the Railroad people,

¥ill say here that Mr, Browne extended all privel-
eges possible in the way of telephone service, loan of pack
outfit and consent to purchase at any of the stores along
the line, Because the Engineering Commission was very short
of pack animals at the time,~ in fact they were renting all
available stock,- I was obliged to purchase,, nNOXr were there
any for ssle at Nenana, but having caught Carl White at
nenana who was then on his way to srooks, I made arrange=
ments to purchase three pack horses from him which he had at.
the Log Jam, A man was sent with White on his launch up the-
Tolovana river to bring the stock overland to the railroad
at Dunbars, After waiting until Sept, 1lst for stock to
arrive I received a telegram from white, then at orooks,
saying the horses had strayed off and were loat in the hills,
Alec runk had come from ¥Fairbanks with two mules in the
meantime and sold them to me at $200 a head,

with a packer and two mules I « Rkeft nenana on
Sept. 3rd for the end of steel where secured store supplies
and after packing up proceeded to Singletons roadhouse )
opposite Lignite, Mile 366 on Government Railroad, where we.



PR

BOARD O0r ROAD COMMISSIONERS FUR ALASKA
VALDEZ, ALASKA

From HeW.S.
To: ARG,

Subject: Sheet 2

[Btayed overnight. Left for xantishna on Sept, 4th over the
Lignite route arriving at kantishna on sept, 13th, remaine
ing there two days and leaving on Sept, 16th for the raile
road at Morino's roadhouse mile 347 via the Riley Creek
route, arriving on Sept, 2lst,

Left for nenana Sept 22nd to secure supplies and
map for Valdez Creek trip, returning to Morino's on Sept,
26th and leaving the 27th, Spent the 28th at Bain's roade-
house and the 29th at Carlson's roadhouse, leaving for
Valdez Creek via the Jack River route Sept, 30th, Because
of the inability to secure a geological map of the Nenana
RiverwValdez Creek country , an Indian guide who had been
in the district twelve years was employed for the trip,

We arrived at Valdez Creek Oct, 3rd, where every
courtesy was extended by Mr, C, N, Norton, watchman for the
McKinley Placers Co,,~ remaining there overnight and return-
ing to Bain's reéadhouse on the railroad at mouth of Jack
River on Cct 7th, On Oct, 8th left for Morino's roadhouse
where we stopped overnight and went on to the end of steel
at Healy, Mile 360, on Qct, 9th and from there to Nenana by
rail the same day.

The mules were left in care of the Alaskan Engi-
neering Commission at Healy where they are working for
their feed, the pack outfit and tent was returned to the
Engineering Commission, stove, dishes etc, were left in
care of Arnt Greve at Jack River, and the odds and ends of
grub left over after returning from Valdez Creek were
turned over to the Jack River roadhouse,

From Oct, 10th to 14th was spent at Nenana
settling accounts with the Engineering Commission, and
paying other bills, two days of that time being spent on
personal affairs, On Oct, 15th I returned to Fairbanks and
have employed the time since in msking up maps and reports
of the routes traveled,

L
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r
The engineering equipment used consisted only of

compass, Clinometer, tape and note book, The compass was
used to get the general direction only from Lignite to
mouth of Canyon Creek, the course being checked up on the
1919 U, S, Geological Survey map, Bulletin 687 by Stephen
¥, Capps, which was invaluable to the writer and found to
be correct in every particular, The clinometer was used in
getting slopes and grades, distances guessed either by
pacing or timing, Stream crossings of importance were
measured with tape and sufficient notes taken to insure the
accompanying estimates being accurate as considered on g
reconnaissance survey,

Since no accurate map of the Nenana RiverwValdez
Creek region was available until my return to Fairbanks,
the location of the different routes as shown on the map
cannot be taken as exact though the variance from their
true location is of no material consequence, the general
direction and water courses followed being correct,

Two routes were covered to Kantishna from the raile-
rocad at different points and two to Valdez Creek from the
railroad at different points, The various features of the
proposed Kantishna routes will be taken up first, There was
some talk in the Kantishna country of a route from there to
Broad Pass and it is true that that trip has been made by
prospectoras, It was my intention after returning from
Valdez Creek to attempt finding a route from Sullivans roade
house on the Susitna side of Broad Pass to Kantishna but
from all the information I coild gather the route is entire-
ly impracticable for a wagon road, the route necessarily
passing over from 20 to 20 miles of glacier, This informae
tion was vouched for by one Le Gault who has been in that
district the past five years and claims to have been to the
heads of the streams leading from vicinity of Muldrow
Glacier to the Susitina River,

L .Upon leaving Lignite it was the intention also
upon returning to look over the country up Dry Creek to
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rSavage River, but having seen so many advantages of the
Riley route this trip was abandoned, The Dry Creek route to
Savage River is adjacent to that of the Lignite route and to
all appearances , from a distance, is the same ®haracter and
formation as the latter,

1 - THE KANTISHNA ROAD,

By way of comparison the following is to be said of
the two Kantishna routes, one known as the Lignite or lower
route, 74 miles in length as traveled, the other known as the
Riley Creek or upper route, 87 miles in length as proyposed,
The comparison of the lower route as traveled with the upper
route as &wm¥e proposed is used because the data on the upper
route as proposed is accurate while the data on the lower
route as proposed would be more or less guess work, the two
lower routes varying to such a large degree and the country
up Boundary Creek and down Moose Creek having been seen only
from a distance, Enough is known however to conscientiously
say that the cost of the lower route as proposed would exceed
considerably that of the route as traveled on account of
extra rock work, side hill work and extra crossings up Bounday
and down Moose Creeks,

In making the trip from Lignite toc Kantishna I
followed as nearly as possible a siraight line as suggested
by Colonel Gotwals from Lignite to the mouth of Canyon Creek
a tributary, as shown on map, of Clearwater Fork, The route
from there follows up Canyon Creek and down Caribou Creek,
across Glacier Creek, the headwaters of Flat Creek and thence
up Moose Creek to Kantishna,

"With so many available routes to choose from, the
one as traveled from Lignite to mouth of Canyon Creek is une
desirable to say the least, approximately 50% of the distance:
being niggerheads, glacier muck and a combinatdon of glaclier
muck and gravel, Side trips to points from 200 to 700 feet
higher up the foothills were made and the same material was
found., This is proven also by Joe Clark and Billy Stewart,
Ltwo prospectors met at Kantishna, who made the trip in from
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Miignite to Canyon Creeﬁwith horses, keeping up high enough to
Cross the important streams just below the canyons, from 3 te
6 miles south of our route of travel, The higher ground is
not quite as soft for road building but the streams are cut
deeper into the hills and the course necessarily followed
would be circuitous or continually up and down with consequent
heavy grades,

It is noted by the table of comparison that the averw
age elevation of the Lignite route is 2211 while that of the
Riley route is 2826, I am safe in saying that in order to get
better ground the Lignite road would have to be kept up to
an average elevation equally as high as the Riley road and
even then it could not compare favorably with the latter
route, The character of the formation on the two roads is 1ill-
ustrated somewhat by noting that our pack animals were down
numerous times enroute from Lignite and only once on the .
Riley route, Also by the fact that the former route of 74
miles required practically 48 hours actual travel while the
latter route of 84 miles, as traveled, required only 40 hours,

A bad feature of this Lignite route is that it holds
the north slope practically the entire distance and if it is

deemed desirable to build a road from Lignite to the lower
Kantishna country, or in other words from Lignite to Glacier
City.and thence to Eureka, I suggest that a route which would
keep the south or sunny slope most of the distance be investa
igated, This route would be a sidehill road keeping to the
north row of hills to the Toklat River, making one crossing
of Savage and Middle Rivers and one crossing of the Easti Fork
and main Toklat Rivers,- thence up the Toklat to Crooked
Creek, up Crooked Creek to its source and over divide to the
Bearpaw Riverphnd down the Bearpaw to Glacier City ad from
there up Glacier , Flat and Moose Creeks te Kantishna, The
so-called "Proposed Lignite route*® is located on the map in
preference to the above route because it would be the shortest
route to the terminus at the mouth of Eureka Creek and tap
nmore directly the mineral district, On the other hand the

le rooked Creek route would provide easy access to a consider=
able placer area,
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r Practically all that can be said in favor of the Ligw
nite route as against the Riley route is thatlit is eleven
miles shorter but it is a certainty that better time could be
made over. the latter route on account of it being dryer,
firmer ground all the way, To build a road on the lower route
equivalent in cost of maintenance and permanency as could be@
constructed on the upper route at the cost as estimated, would
mean hauling and spreading gravel over at least 50% of the
distance at & prohibitory figure, The estimated cost of grube
bing and freighting material on the upper route is greater
than on the lewer,- the grubbing on account of the route
following the course of Middle River thru heavy timber for
approximately ten miles and the freighting due to the longer’
hgul for bridge timber, The most suitable bridge material is
found on the Riley route, locaied o Middle River and Morris
Creek, many trees seen on Middle River being 20 inches in
dismeter,

Except for short open stretches the lower route is
covered with buck and willew brush averaging 24 inches in
height where there 18 no timber, Timber is found only on stresms
from edge of bench to edge of bank and consists of scrub spruce
from 2 to 8 inches with occasional trees on the Middle and X '
Toklat Rivers as large as 14 inches, On the Riley route timber
is found for a distance of five miles up Morris Creek, Morris
Creek divide is covered with heavy buck brush from 24 to 48
inches high while from there to Middle River it is open except
for patches of buck brush from 10 to 24 inches, The route then
follows up Middle River for ten miles thru spruce timber large
enocugh for bridge material, After leaving Middle River there
is practically no undergrowth until reaching a point 10 miles
west of Thorofare Pass on McKinley Fork which marks the begin-
ning of a growth of willows and scrub cottonwood,- this con-
tinues for 7 miles when a mile and a half of Spruce and cotten-
wood timber from 2 to 14 inches is passed thru, ending three
quarters of a mile from Wonder Lake, From this point to Kan-
tishna there are patches of spruce, cottonwood and willows
from 2 to 8 inches,
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Ne quick sand was encountered during the entire trip on
either route,

After finishing an unprejudiced table of comparison and
estimate of costs, the Riley route has been selected and ree
commended as the most suitable for constructing a wagon read to
Kantishna from the Gevernment Railrosad, for the following

reasons
1
2

Cost of construction is less,

Cost of maintenance would be less,
Too much cannot be said of the difference in cost
of maintenance of the two routes,- a large percentwm
age of the lower route is on sidehill of cutting,
running, sloughing glacier muck, while there are
many stretches of from one to eight miles on upper
route of flat dry gravel, requiring little or no
upkeep after the initial cost,

Passes thru a greater mineralized belt,
The country thru which route passes has hardly been
prospected but is spoken of favorably by geologists
"and prospectors who have seen it, Shortly before
my arrival at Kantishna Mr. Joe Quigley returned
from the vicinity of Thorofare Pass with samples of
copper ore carrying 75 % copper,

offers a natural gateway to McKinley National Park
and passes thru the park approximately sixty miles,
By way of suggestion, it is probable that the Park
Board would be willing to appropriate a share of the
funds to build this road since it would open the
park to a large extent,

Affords a direct route to the mineralized district
at the headwaters of the Kuskokwim River,
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6 = Would make an automobile bouleverd or truck road
at considerably less expense than any other
route would make a mediocre wagon road., The
country as it stands is such that two men and a
team and wagon with a light load could drive
from the railroad to Kantishna, while the hard
dry gravels of Middle River and McKinley Fork
offer & natural automobile highway, A wagon has
already been driven from the railroad to Middle
River, a distance of 20 miles,

7 « Stream crossings are fewer, banks are not se
high and distence in elevation from banks of
cross streams to benches is less, There is little
or no driftweod, streams from summer observation
do not glacier to any extent and there is no run
of ice in the spring, the largest body of water
crossed being the main water course in Middle
River, 18 inches deep and 50 feet wide, thus ine
dicating that pile driven bridges will serve the
purpose providing sufficient pemetration can be
obtained as it seems possible without testing
for distances to bed rock, large boulders or
other inmpenetrstable nmatter,

" 8 » More work can be done in a working season with
less men on the upper route than on the lewer on
account of the formwe being 75 % team and grader
work, With the railroad in process of construce
tion this is an important item, since labor will
not be plentiful,

9 -~ A gravel surfaced road or a mixture of s0il and
gravel can be had 85 % of the distance without
hauling,- gravel in most instances being found
legs than 12 inches under surface,

10 -~ No frozen material found in middle of September,
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r 1l - Has a lighter average grade than the
lower route,

. Follawing is a comparison of the length of the crossings:
on vothw routes,=

/,,

LIGNITE RILEY
Savage River 125 ft. 250 ft,
Sanctuary " Not crossed 160 ™
Middle " 800 ft, 700 ®
3ushana " i60 ™ Not crossed
East Fork Toklat River 820 * 600 ft,
Toklat River 2100 1200 »
Stony Creek 320 " 200 »
Clearwater Fork 1200 " Not crossed
Canyon Creesk 100 ~ " "
Glacier ® 100 " " "
Friday . 100 ¢ " "
Bureka : 100 * jy//z " . 0
Yoose Not crosse & 300 ft.///<

The names of the following perdons..are offered as refer-
ences, all of them having seen the Riley route and most of them .
both routes, = prospectors, Joe Quigley of Kantishna, Perry
Bigelow of Fairbanks, Joe clark, Harry Lucky and Mr ,Brooker of
Nenaha, and Stephen R, Capps of the U, S, Geological Survey,

Mr, Capps, I believe, is quite familiar with the country and ne
doubt could offer some additional information,

At the time of my visit to the Kantishna there were o
approximately 100 people in the distirict, some engaging in placp
mining on a small scale and others in lode mining and prospectwm
ing, These people were acattersd over an area of 30 square
miles though most of them in the vicinity of Kantishna and the
Aiken mine, The-settlement formerly known as Shamrock City or
Bureka . -but now known as Kantishna lies on the right limit of
Moose Creek, a few hundred feet upstream from the mouth of
Eureka Creek, Here is located the Postoffice and the Commiss-
loners office and should the outlook continue to be as bright
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ré8 it has the past year, this place would probavly be the
nucleus of the future town,

It is known that the following creeks have gold bearing
placers which might be worked if cheaper transportation is
provided,~ Glen, Rainy, Eureka, Friday, Eldorado, loose,
Glacier and Caribou. These creeks have all produced gold and
it is fair to say that there are others which will, Two large
outfits are going ahead next working season, having shipped in
their supplies via the water route to Roosevelt on the Kantish-
na River, « these are the MKinley Gold Placer Mining Co, on
lower Caribou Creek and a company of local capitalists on
Moose Creek in vicinity of Friday, Bureka and Eldorado Creeks,
Both companies are installing hydraulic plants and intend worke
ing on a large scale, New and encouraging pay was found this
summer on Little Moose Creek, & tributary of Clearwater Fork,

The greatest interest shown at present in the district
is toward lode prospecting, the Aiken property being the only
one developed te any extent up to date, This property is sit-
uated on Friday Creek, However, prospectis have been found this
summer on Bureka, Eldorado and Rainy Creeks which have warrante
ed their finders going ahead with development work this winter,

Should other discoveries be made in the lower Xantishna
country, a ridge road from Kantishna to Glacier City could be
constructed at an approximate cost of § 2500 a mile, sacting as
a feeder for both Glacier and Caribou Creeks, A branch of six
miles up Mooese Creek would supply Rainy and Glen Creeks, the
left 1imit of Moose being the natural route to follow,.

Past experience has shown that a winter road and a summer
road are two entirely different propositions, Neither the Lig-
nite route or the Riley route could be considered as winter
roads except in a winter of very slight snowfall such as the
winter of 1918-1919 and even then the road would probably be
impassable on account of drifts,- it being a windy country.
Any winter road from the railroad would naturally pass thru
the flat lower country below the hills to the Bearpaw River
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d thenxe up that stream, This route would leave the railre
g? Mile 390 and pass thru timber practically the entireaéist:gce.

Any attempt to build a scrateh road or trail into the Kane
tishna country would result in a waste of time and money, &8 one
mile of road built well is of more value in this locality than
ten miles built shabbily for the same money, What thie Kantishna
Country needs to help develop it is a truck road which will per=
mit the carrying of ore and supplies in two days to and from
the railroad, Such a road can be built over the Riley route that
will be of lasting benefit to the country, to say nothing of
offering an unsurpassed scenic trip thru McKinley park to the
base of Mt, McKinley,

Three flurries of snow were encountered on the trip and
one and one half days of rain, Two inches of fresh snow lay in
Highway Pass for a distance of one and one half miles on Sept,
18th,., Aside from this the weather was admirable,

Shoeuld the Kantishna read be built, I suggest tkat from
May 15 to June 15 be the time to commence the survey, as any
attempt to survey a summer road in the winter might result in g
location unfair to the Alaska Road Commission and to the people
who may have occasion to pass over the road,

P

2 - THE VALIEZ CRERK ROAD,

Unfortunately the trip to Valdez Creek from the located
route of the Government railroad was started so late in the
Fall that there was only a limited amount of time %o be given to
it, We left Carlson's roadhouse, Mile 3194, over the Jack River
route on Sept, 30th in a snow storm and returned to Bain's road-
house, Uile 326, over the Nenana River route on Oct, 7th,in a
sanow storm, However, there was rno snow ab any time between these
dates, Three inches of snow lay at Bain's on evening of ¢ct,7th
and but for this an investigation of the route up Middle Fork
would have been made,

L The route as traveled up Jack River and thence up the east
fork and across Brushkana Creek would be so prohibitive in Ccost
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Cof Construction that it is not to be considered as a possible
route and no attempt has been made to compare it with the Nenana
River route, Jack River for fifteen miles. runs thru a narrew
valley, the mountains rising on both sides so abruptly frem the
bank of the stream that it was necessary to cross it no less
than forty times to get to the head, This pilece of the route
alone would necessitate three miles of solid rock work and seven
miles of steep sidehill work consisting of loose rock and slide,
To keep anything like a direct course, the Brushkana River flats
must be crossed not to mention numerous other flat, sluggish, $ha
thickly covered willow drains between the head of Jack River and
Bruskana, The small flat drains are from two hundred feet to a
half mile wide with intervehing ridges of glacier gravel and
granite boulderas covered with very thick buck brush 36 inches

in height, A belt of scrub timber runs thru the valley at the
headwaters of the Nenana on the Jack River route but offers a
decidedly impracticable route for road building on account eof
numerous marshy drains, lakes, swamps, niggerheads and mossy
humps and hollows underlaid with glacier muck, The Jack River
route o make any kind of a road would be in the open all but
two miles of the distance, would be at an average elevation of
approximately 4000 feet and to get on firm ground would be Cire
cuitous to =ay nothing of the bad features of Jack River herew
tofore mentioned,

.. From what information I could gather of the routes up the
main Jack River or up the Middle Fork Of the Chulitna as Compare
ed with the Nenana River route, I am safe in recommending the
latter without having seen the other two, The Nenana route is’
shorter, holds an average elevation lower than the other routes
mentioned and passes thru more timber.The route is gravel 65 %
of the distance, is dry practically all of the way and would
make an ideal automobile or truck road, The entire route is
thru an old glacier country, being particularly noticeable for
25 miles of the upper lenana River where there are long glacier
moraines of gravel and boulders, glacier knolls, hollows and
numerous lakes, This route would have a tendency to produce some
(gctivity on Dukes, Wells and Levine Creeks where little prospecti-
ing has been done but where gold has been found,
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r The Nenana River route is a summer route and would alse
be more suitable for winter travel than any of the other three
routes, It would seem that a good winter route would follow up
the Nenana River and thence across the string of lakes to the
Susitna but the Nenana has been found dangerous to travel on
account of the warm streams coming in and the ice being cut
away from underneath, causing many portages and never knowing
when or where the river may be cut open, The hills rise so pree
cipitously in places that it is impossible to follow the stream
continueusly unless it is safely frozen over, At present there
is very little travel to and from the railroad,

Only one company operates in the Valdez Creek region,
known as the McKinley Placers Co,, an hydraulic outfit which
has been operating for a number of years and which employs from
25 to 55 men during thew working season; approximately § 50000
vas taken out last summer and considerable dead work performed,
The company had ceased operations for the season only a few days
before my arrival and though some of the party had gone out the
usual route to Gulkana, a party of nine men and fifteen head of
horses had left for the railroad via the maln fork of Jack River,
it being their intentien henceforth ta fright all supplies from
south end of Bsteel vig Carlson's roadhouso, a distance of 110
miles rather than 250 miles from Chitina as in former years,
They were nine days on the way when I letft and had not arrived,

There are a number of creeks in the adjacent Ccountry and
tributary to Valdez Creek which carry placer gold but the proO-
hibitive cost of supplies and the inaccessibility of the country
has prevented any great amount of prospecting. Good pay was
found last summer on a tributary of Valdez Creek by Mr, Pete
Monahan, -

This reconnaissance wvork was done between August 23 and
November 1, 1920, Routes amounting to 275 miles were covered,
The total cost was $ 1805,28 or & 6,56 per mile, Accompanying
this report are quantity and cost estimates, mep tracings and
q}ucprints of country showing various routes,

Yours very truly,

B R 7



EBTIMATES COMPARIL LIGNITE AND RILBY CREEK W ON ROAD ROUTES TO

_ KANTISHNA .
Flat Work Side Hill Work
Longess Shortest Total Approx,Longest Shortest  Total Approx,
Pc,,Miles Pc,, Miles Hiles YardagePc,, Miles Pc,, Uiles Miles Yardage
LIGNITE 3. 0,02 47.9 118358 1.8 0,02 24,3 81847
RILRY 8,0 0,20 72,7 172678 2,0 0,02 12,8 40064
LOOSE ROCK WORK Solid Rock Work

Longest Shortest Total Approx Longest Shortest Total Approx,
PC Miles Pc Miles MNiles Yardage Pc Miles Pc Miles Miles Yardage

LIGNITE 0,70 0,01 11,7 36621 0,04 0,002 0,40 7040
RILEY 1,8 0,01 5.5 17215 0,20 0.20 0,20 3520
TEAM AND GRAIEER WORK HAND WORK

LOngest Shortest Total Approx, Longest Shortest Total Approx.
Pc Miles Pc Miles Miles Yardage Pc Miles Pc Miles Miles Yardags

LIGNITE 1.5 0,02 26,2 61482 1.8 0,002 46,0 138723
RILEY 8,0 0.02 65.1 152758 1.8 0,002 20,4 59984
WET-GLAC IER MICK DRY NIGGERHEADS GRAVEL WITHIN 1L FOOT DISTAKE.
Miles Miles Miles Miles Miles
LIGNITE 29,8 42,4 24 4 26,0 4
RILEY 2.7 84.3 1.0 74.0 87
C LEARING

HEAVY STRIPPING IFROZEN THAWED OPEN TIMBXR LIGHT MBD HBAVY
Miles Acres Miles Miles Mi Ac Mi AC ACres AC ACTes

LIGNITR 30,8 47,9 645 65,7 52,5 19,7 200,1 136 30
22247 143 .4
RILRY 9,0 34,9 e 858 64,2 22.8 35,0 122,3 56
47,5 165,8
GRAIES
Plus Minus Miles Level Miles 10%Z Average GRUBBING CORDUROY
Miles Miles Total Long Pc Tot Lg Pc Miles Ac Lin, Ft.

LIGNITE 35,5 22,2 16,3 4,0 7.7 1,0 3.26% 19,7 764 6520
RILEY 38,2 38,6 10,2 4,0 2,0 0,5 2,69% 22,8 88,4 2000

BRIDGE WORK
Cribbed and Pole Decked
Number , 10" Crlbblng 10" Caps and Stringers Total
12' 24! 36' 508 60t Lin, Ft. Lin, Ft. Lin, Ft,
Lignitel25 43 2 10 . 8 24084 19240 3584

RILEY 18 27 21 4 3 19186 11599 2000



Sheet 2 -
Cribbed and Pole Decked Bridges - Cont Highest Rlev, Av, Blev,
6® Decking 8" Guard Rail 1Iron

Lin, Ft,. Lin, Ft, Lbs,. : Feet Feet
- ‘
LIGNITR 107720 7920\ 14080 3500 2211 .
RILEY 60272 4292 7947 3900 zagq

PILE DRIVEN AND POLE DECKED BRIDGES , ‘
Longes%t Structurs Total No, Bents Piles Hewn 10" Caps and Stringers

Lin, Ft. Lin, Ft, Lin, Ft., Lin, Ft,
43996
LIGNITR 2100 5944 353 25416
RILEY. 1200 5855 345 268715 | 41784

6" Pole Decking 8" Guard Rail Iron
" LIGNITE 163040 L.F. 11912 L,F,. 22030 Lbs,
RILRY 1605692 L,.X, 11798 L,F. 21700 Lbs,

ll«2 by 4 LOG BOX CULVERTS: HAUL OF TIMBER FOR BRIDGES

Number Logs Iron 8" Togs hauled 1 mile-~ Hauled 1 mile
Lin, ¥t, 1bs, Lin, Ft, Tons
LIGNITE 327 114450 11445 731186 4387
RILEY 192 67200 6720 1540240 8041
LONGEST HAUL TIMBER TRAVEL BY PACK TRAIN DIST, THRU PARK
Miles Total hrs, Av, Miles per Miles
hr,
LIGNITE 7 47 2/3 1,556 20
RILRY 12 ~40 1/12 2,09 60

LA R X L I R R ¥ ¥ ¥ Y 3 L 3 2 1 2 2 RN N N R N B R I IR W ¥ ¥ N L N W T ¥ R B _E _F I N J B N e S uh NS e s P TR NS an P TS T SD G WS T A8 - o

S degree slope or less considered flat work, estimate based on road
as being 32 feet from edge of ditch to edge of ditch for team and grader
work, In wet ground estimate based on twelve foot road bed averaging one
foot in depth, ten foot berm,

Side hill work figured as being on a%averagc 20 degree slope,

Small bridges cribbed 2 to 3 logs high on each end and 4 or 5 stringes-
used, depending upon the length of the bridge, Pile driven siructures
have 4 piles to bent, 18 foot spans, 6 18 foot stringers to span, caps
20 feet, pole decking 16 feet long,

Log box culverts, 6" logs, three high,- 8! 8ills spaced two feet,
bottom log 24 feet,

+



KANTISHNA WAGON ROAD ROUTES

Comparison of Approximate Cost of Construction,

Clearing
Grubbing

Stripping

Grading
Corduroy
Ditching
Bridges

Bridge Crow:

Culverts

Freighting Timber
Engineering

Overhead

Camp equipment,
Machinery, Tools,
Scrapers estc,

Total

Average per Mile

LIGNITE ROUTE

115628, .00

1736 ,00
10000.00
38494 ,80
19000,00
15336 ,30

5948 ,30

3500,00

22931 .89

25226 ,08

277475 ,87

3749 ,67

RILEY ROUTE

REMARKS

Light @ 15 dollars Acre, Ned,

6434,00 @ $50b Heavy & $40,

6630,00
5584 ,00
82339,50
533.80
7500,00
32494 ,78
16000,00
9004 ,80
7236 ,90
3500,00

17725,78
19498,36

214481,92
2465 ,31

dollars Acre
@ $160 Acre
See note below

EPatimated

Approx, 50% cost material

10% of total,

10% total including overhed

Note - Cost prices with exception of solid rock and team and grader work
based on contract prices of Alaskan Engineering Commission, Nenana,

Prices for grading as follows «
Team and Erador work gt g% csnta Cg. Yg,

Looas Roc
Solid * 200
8ide Hill other

than rock * 50

Flat work by hand ® 60

Prices for bridge timber and poles as follows w

Pesled cribbing, stringers,
" 6 inch decking

. 10 to 14 inch piling
Hewed 10 inch caps and stringers’

Iron

Peeled 6" culvert logs in place

Hauling bridge timber

guard rail @ 8 cents Lin, Ft,
n ]

e 5

G 12 " " L)
/. @25' L] | ]

@ l4 * Lb.

@ 12 " Lin, Ft.

@ %0 " Ton Mile



PROPOSED VALIEZ CREEK - WAGON ROAD
Data on the Upper Nenana River Routs from Mile 326, Government Railroac

CosT REMARKS
Distance 55 Miles
Flat Work 48 L]
115383 Cu, Yds,
Side hill Work 7.0 Miles
21910 Cu, Yds,
Loose Rock 4,5 Miles
. 14085 CU, Yds,
Solid Rock None
Team & Grader Work 38 Niles
89173 Cu, Yda. § 22293,25
Hand Work 17 Uiles
48120 Cu, Yds, 26681,00
Total Yardage 137293 " "
Wet- glacier muck 1,5 Miles
Dry 53,6 *
Niggerheads 1.5 "= Short stretches
Gravel within 1 Ft, 36 »
Heavy Stripping 11 .
42,6 ACres 6816 ,00
Frozen ground None : Frost 12% or less.
Thawed " 55 Miles " over 12"
Open 35 5 "
15036 Acres
Timber 19,5 Miles
141,9 Acres
Clearing - 1light 127,3 » 35 wide:
" medium 122,1 » 35 and 60 ft, wide:
» heavy 21,9 . 6448 ,50 60 ft, wide
Grubbing 19,5 Miles
75,86 Acres 5670,00 32 ft, wide
Corduroy 3000 Lin, Ft, 800,00 16 " 1long
Grades, plus 18 Hiles
" minus 17 .
level 20 .
Average grade 1,15 %
Bridges, cribbed
and pole decked, no,
12 fest 20
24 10
36 6
50 *» 5
60 " 7
Total lin, fte 1366
10" cridbbing 14196 Lin, Ft,
10" stringers 8500 ” "
6" decking . 39600 . " ;
8" guard rail 2924 . . ‘
Iron 5435 Lbs,
Bridges, pile driven
and pole decked, ne, -
Longest structure 2400 Lin, Ft,
Total no, bents 199
Total length 3490 . "
Piles 15920 " .
10" hewed caps
and stringers 21440 " . :
6% decking 95728 " " , S
8" guard rail 6990 " " .

Iron 11679 Lbs, . 20089 ,27 AP LE



Sheet 8 =~ VALDREZ CREEBK WAGON ROAD

Culverts, number 110

6" logs 38500 Lin, Ft,
Iron 3850 Lbs,
Haul of timber
for bridges N
1000 L, ¥, 8%
logs 818.4
Tons 3673
Longest haul 5 Miles
Ac tual travel by
pack train 28,5 Hours
Avg, per hr, 2,08 Miles
Highest elevation 3500 Feet
Aversage " 2844 "
Ditching
Bridge Crew
Engineexring
Overhead :

Camp equipment, tools,

scrapers, machinery etc,

Total Cost

Average Coast Per lile

cost

$ 5159,00

3305 .70

5000 .00
10000,00
2000,00
11426 ,27

12568 ,89

$ 138257,8§
$ 2513,78

REMARKS
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COUPARISON OF THREK ROUTES TO THE KANTISHNA,

RILEY LIGNITE C LEARWATERA
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Length 87 Miles 85 Miles
Cost per Mile ($2500> $3750 $3300

Winter er Summer Reute Summer Beth,
4 menths prohlematical \preblematica
Ant, develeped ceuntry One ceal 8 Miles, 6 M
preperty

Future develepment ~— Tremising Premising 12 Miles
future, 70 UMile tuture,
35 Miles

Comparisen ef cest of
maintenance, calling

Riley Creek Reute 100, Qoo - 225 150

Passes thru McKinley Park (60 Miles) 20 Miles Parallells
Beundary, 40 Mile:

Jistance of Railread —

Terminus {rem Seward ngz_HiESE’ 365 Uiles 366 Miles,

Besgt Axerage Grade,

calling Clearwater 1 2 3 )

Glacial Streams te be

cressed Bad Seme Jene

Passes thru timber 23 Miles 20 Uiles @5 Niled

Croessings, general

cenditiens Medium Bad



1923 map of Mt. McKinley District, Alaska Road Commission



Lirsator, Rativaal Jariz LeTvice,

U detniled ficursg AL dosircede

-

d A »
K .
~|°;£ =
J.;'.;J-/ .
I S B R |
it = b st bl e
. [ Ko T RS RN N pre 4 P
~'~Luu£'_.'. il ve @ »4..:,-_.;...._;1.4;
w0 "oy v Yy 8 s
LTy TR Lgn droncisco,

Tl 00, 1%L,

-

gona Storhon Te Zaibor,
Tashicrton, D O
Iy cozr U, ¥athers

3 yar Toeur Ixe e B lowis
Qu:oﬁmﬁ:ﬁmtﬁxtlmzilr?mé hemied Ea b ] mr 4’.3;1-11 16th,
I mn sutmditting balor esticates {or Tronosed worit Loy Jte Lofinloy
etlomal erks Tho Iyston -royoeed I8 58 indipated fn tha Yrioy
3orory, ccocmranicd Yy blwo . xint, which I discussod with yow and

ra Crzvzoror voomstly, Tnon oy ro 1o Jureg there Y ooall
Vo oocoza 3 LECESASTY mele rerorts, : gun mizil rore

o cemtomplato staxting coriors ool 4o oummor Upon CUY
tlrsoeuartsy of g x{Xl8om do lor rood projsct for tho roligf off tho
ertismy mininey digtricts. This coemoreisl road will lio outirely
catyido o2 the parx iimits, crxd vwill Jodn tho deverrment >oilosy
noar Limites, aboat ills 562, The figores cuizditted delow ayo basod
uren thy sccumpticn that o viil Go tha 2k wuri with tho sare oo
imticn ad plant tist we w11 have cgocuralstod for oo omm work in that
rogione. %0 btild uwp & serernte ormmimation for your ori vwould of
ccurse {ngivcno tha coat.caterinllye

Toex tradl fyom Lefinley ark Gtaticn 1o Tantlishma '

Toat Oftiso, abmt 210 =iiocs, 6 £%. to 10 It. wido,

vith rrcessayy native ticber Dridges, chosltor caxbixs,

otce, yonsatla for rask $rzins 1o sumer snd dog tesrs

or slzple horse drowm doublo-cendor glods 4n

MINAP = v = e m e m e s e s == D 3000600

DISTRIDUDIY :
Yotlonel Do UOTVICE,y = = = - v e m o e = = e e e e - e 2 05,000.00
Jlosim Nesd Comdaulon = = -~ e . mmm e w - - [5000,00

Tha zbavo ocatimets $2 cn ths cssmomtion that o1l
conot™aticn ~ithin the raxrk 1imits A1l Bo chorred

to Jtu, fnd we will juy for iha nocosslary constiugstica
vatsi{de tho :arc lizits to tie in to vur commercisl
rovd c70toste -

)

6 "'{) At (ﬁ\;-\, q '/[_ . ‘ X ,’t_'\.aw[’g_,w/
31X



w"'.- - . .
AW A Tt R P ) "
»—-\-}‘t’uu‘.. PRI P SAREY PR SV DR -, N . vy

. Lol
L. PRI IR
PR S AV A . PSR S L I

. L~ .
. . S ) . Y
aug . H

COTTTATS 1T
Pox tho lmprovomend of o sbove ook trail
£o amtozobilo siandard ca followmg
Belinlsy Tare Jtatiom %o Waidls
fver, 28 milssg
nliror fissior to fnre Lixits,
- 8 —=ilpmy '
*ztonsion bayond Fark 1iwits vig

..
ST Lt e L
P e

T
St ST
L (PSR Y

onder Take to Tontlishmn Tost e

Cerice, 6 riloag L
4 sttmdsyd groded erd dratned rosd, S
cariem prode 103, sortocelwith aboxk E
7® of glaciol grevel 14 £t wide, with

nseeganry tridges ood other gtzrotuson ,
.85 J10,000e TOr Il = = = @ = = = = = - = S090,000,00

Hot1omal 0Tk 0XTi00 e = = = - - - o - w (E0,000.00

Alanin Bcod Commingdast = = e = = = = = = § 60,0030.00

ko ebove astirnto iz beged uwpom tha Gveragoe
cost of construsticn, inclmiing meintonanco
during tho congsiraotion rericd of ooy stondsmd
1izht zato o34 4n Alemne In ths vicinily of
tho pora {xportent tomes we Tmild a Mavicer
tyra of ecnstruntiome WO cmn of courss cooe
ply vith oy specifioationa thet you ooy pree-
serito, taf if ig bolicved that ths abovo
genxtracticn w1l cdequately zarvye tho nseds
of b park for n indofinita yoxdced, 2xd cum
ho readily acconplizded in ong 0 tu0 0825UNBe
Nopend ing toon how fatare develommonta ooy
ckanne tho gifumation, it will at ooy tirm bo
rossiblo ¢o extoxd tio aystom or to reise the
atardard of comstrucbion in auy socticns

3 _,\.—.:-'_‘ S wy
TNt 60

s
M i,
‘A‘Q
Al

"SRR

o
)

PRy

"]
e

to rerform {ha ohove work upda a comirect lLasisn at
. a nre<dgteorzived priss, or will agros 10 do tho work
I cxd rodzdt tho vouchers for sctual cost t0 yOAT Gz

l Tho Aloskn Rosd Coamiasion will agres

tica 2o raymonty tho total cost not to ozooed 4
rro~doterdnod £ignTve



FER R Y

inticipating our vori: upen cur fontizima
rrojoet this sceson, we losated the first &5 milos
laat 011, eatablished cackes at ccmvenisnt points R
exd yut in a fow tomporeyy MWridges. Yo sloo
catablishoad & dopot on the Govarmmomt roilroed, so
-tkat wo are in mhupe 40 ottack tho Job eogrosaively
irrzdlatoly arfter tlo dreansure

I gathory m.m telozren that you 1p-
tod 40 cubmls o ostimats £or thso roed comstraction
(fate 1Y) obove eoxtemploteds, IS scenpted by Comgrwas, t?.nasa

furés wonld ¢hen Ye ovniladlo for tha 1923 xo
Coantta In eraeer t0 bo in nkaro to bhandlo

corstructiom poxt sumror, coxnatderable rrelinirory
wverx ghauld b done this yoare I realigs of couxzo
thet your service dos oo funds aveiinble. asnotinr
oo iy somg alivw of activity choald Do made thlo
srar is the £00t thnt many towrists will come to
ilesa & gocomet of the comnlotiom of tho dovermmang
Dasdlvond and tho opomdng of the Fational Iaxk, cnd
sose of Sbhem will Wo disazpointsd a6 not bedvz abla
to toXxs an sutamobdls wight wp to tha top of Lk,
Meliniaye:  Tonx Eorvise, thw Railroed Joumsission
end coycelvns will all gooe in for dvofse criticdem,
mmmmmmmm,wof.mmm
raurmxihil&ty, :

- (n the assxmticn thad we ore to &0
ths wark poxt smmer (19:23), provided your funds
Yacoma availadle, I oo xouparod (o g0 olwsd in COomMoow
tion with «zor activitios in - ths antiskoa Distrist
tni marx tha rropesed pacic traily, orect a fow (oow
yorery bridnes, plsca army tonta in all ¢ho rgeson
exd ot othor puitablo points to rrovids tomorary
tholtar until log cabins cane ba Wuildt, and do mach
othor vore 8% cxn bo sscerplichked nt a reasonablo
czpooditurs o0 ag to mawd s proposod tmdl ouid
for the move hardy tourintss To work =111 ba
accanplichod at car oxroxsey plus sush arzsistanca
cu I ey bo ablo to seours {rom tho iwilrced ox-
grrdzatione The above will meet thn fmoediste
situaticn and will ling tho @wle Job uwp fow azcros- il
oiva aotica in 1923y o &hall of quures Tork in o
cooparaticn with your Swperintoadcet, . Iy Bratens, s
ond vill sehedt full raports and cooply fally <dth exy S
of yourrroquirurentie - L




T e e et

~ [l
Ay . b
O o
() "'7 b} :
t
andlam

Izmpmm@mummtmm
ceding raragrapi peoty with your faproval, pleaos
wira oo at maatwanwnetﬁm.muﬁawtm
Propar instracticns pny bo isseed {ontar Englaosaring
arpexdimtions  Thoro will bs pionty of $i=s for
arrcaning the detedls later Yy corrampondiannd.

‘S'mstlng that ks sdove ostimatos moot
yoar remmiremanis, I aa

Vory truly youvsy




Telegraph of April 26, 1922 from Arno B. Cammerer,
Assistant Director, National Park Service to James Steese,
President, Alaska Railroad Commission [sic].
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Letter of May 11, 1922 from Col. James Steese, President,
Board of Road Commissioners to Arno B. Cammerer,
Assistant Director, National Park Service.
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¥r, Arno B. Cammarer
Assistant Director,
Rational Park SBervice,
Washington, D. C.

My dear Mr. Cammerer:

: Upon my arrival here about ten days ago I
'found your telegram of A ril twenty-aixth,seu‘ ting
oY = B0 G- T ‘e~ Mount”
aninlnx;Park~Staﬁtonf' Whndarﬁxgkwuzrail. as out-
lTined in my letter of April iwentieth from San
Francisco.

Qur Chief Engineer, Major Gotwals, left

h
=

‘.\
3
7
;:

e Cmg
X

for the Westward a few days ago and will give the

necessary instructions on the ground for. this. work, e
I have instructed him to get in touch with Superine - A
tendent Karstens and .also Woodbury Abbey of the i
General Land Office who is about to begin operations o
on the survey of the east and southesast boundaries 3

of the Park and who has given us valuable informa-
tion concerning the best crossings and other data
on the proposed trail, I shall advise you later as
to the work accomplished.

4
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2
1

With kindest regards,

Caordially yours,

28, G Steese
Presgident.




