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0= hasins in the Coast Range of soutneastern Alaska,

Geologic Reconnaissance of Possible
Powersites ét Spuf Mountain,
Tyee, and Eagle Lakes,

Southeastern Alaska
5 - - - -

By James E. Callahan and Alexandér A. Wanek

-— - —

Abstract

I

?f granitic intrusive rocks and nigh rank metamorphic racks assoclated

%ith or resulting from emplaccment of the Coast Range batholith.

« Spur Mountain damsite {s underlain by granodiorite and diorite.

Fhe foundation properties of the bedrock are excellent, but the
*&‘%arrowness of the ridze that forms the right aputment and two prominent

Foint sets that intersect the abutments at high angles may be serious

ﬁisadvantageé. Two possible tunnel routes extend from the upper and

iower ends of the lake to the Hulakon River and Unuk River valleys,

|

respectively, They are abproximately the same length and both are

\

20— inderlain by intrusive rocks with similar physical properties, Both

routes are geologically satisfactory and the choide of one will probably

depend on other factors. The reservoir is underlain ang surrounded by

I i .. S \
imperneable granodiorite, diorite, or related rocks.

2_5— \

The bedrock consists

‘Spur Nountain, Tyee, and Lagle Lakes fill glacially scoured bedrodk
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The abutments of the Tyee Lake damsite ire in massive quartz
diorite. The channel section is Filled to zi undetermined depth with

coarse talus which is probably too permeable to grout. If the talus

|deposit is too deep to be removed economically, it might be possible to

develop the site by drawing the lake down. The tunnel and penstock

route is underlain by egranodiorite, composite gneiss, hornblendite, and

quartz diorite which are impermeable except possibly along two zones of

close-spaced or open joints. The powerhouse site on Bradfield Canal is
underlain by auartz diorite similar to the bedrock at the damsite.

The Eagle Lake powersite includes two possible damsites. The Eagle
Lake damsite at the outlet of Eagle Lake is underlain by composite
gneiss consisting of foliated biotite gneiss interlayered with banded
quartz diorite, which is largely concealed with thin deposits of soil
and colluvium, The foliation strikes normal to the alignment of the
dam, and minor leakage along foliation planes might be expected. The

possibllity of a deep buried channel or solution cavities in marble

.underlying the stream bed should be considered. The other damsite is

Nocated at the outlet of Little Eaple Lake about 2% mileskbelow the
Eagle'Lgke damsite. The drainage area and storage-capaQity above the
Little Eagle Lake site would be about 70 percent greater than for the
Fagle Lake damsite, but the dam would bave to be three to four times

larger than the one at Eagle Lake to reach the same water level, This

am may be economically feasible due to large volumes of impervious fill

aterial available for construction of an earthfill dam near Little

25— Eagle Lake. Four saddles, which are probably abandoned stream channels,

-
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;are in a low divide at the head of =

mermeability of fill in the¢ saddles are unknown factors which should be

{
)

:
iRiver to the head of Bell Arm and is

5-.‘gneissic quartz diorite.

i
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|
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asle Lake., The depth and

underlain by poorly foliated

rr

iinvestigated., The tunnel route cxtends Tvom the headward part of Eagle

Y
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Introduction
This report describes geologic conditions at three possible
powersites, Tyee, Eagle, and Spur Mountain Lakes, on the mainland of
southeagstern Alaska, The examinations were made to aid evaluation and

4

classification of public lands for water-power resources. *

3
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‘Geography

Location
The three powersites lia within an area bounded on the north by
Bradfield C&nal and East DBradfield River, on the south by Burroughs Bay
and Unuk River, gnd on the west by the western crestline of the drainapge

area of Eagle Lake and Eagle River (fig. l). The area lies 50-60 miles

FIGURE 1 = NEAR HERE

0—

-

north-northeast of Ketchikan é;d UO;SO mileg southeast of Wrangell.
The sites are a maximum of 19 miles apart and all lie within the
Bradfield Canal 1:250,000 scale Alaska Topographic Serias Maplarea.
Spur Mountain Lake .is oﬁ the BradfielA'Canal (A-4) quadrangle map
(1:63,360). Eﬁgle ana Tyee Lakes are on the adjoiniﬁg,Bfadfield Canal

. I
(A-5) quadrangle map, : ;

r

The lakes are accessible by float-equipped aircr%ft and are within
a2 few miles of tidewater. lcme of the lakes are accessible by trails,
and cross-country travel is extremely slow and difficult because of

Fense brush.

25—
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Figure 1
Index map showing location
\ 1
of Spur Mountain, Tyee, and

Eagle Lakes, e
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- [the vieinity of Eagle Lake and between Eagle River and Tyee Lake,

v Physiography
The lakes are in the Soundary Ranges physiograpvhic division of
goutheastern Alaska as.defined by Wahrhaftig (1965). The maximum relief
is from u,ooo'to 5,000 feet near Spur Mountain and Tyee Lakes, and from
3,000 to 4,000 feet near Eagle Lake.,

The land forms resulted from Pleistocene and subsequent alpine
glaciation. Many of the mountzintops are rounded and smooth. The
valleys are U-shaped and steepwalled. Many of the valleys contain rock
basin lakes such as Tyee and Spur Mountein Lakes. Most of the
north-facing cirques contain small glaciers that are stagnant or
receding.

The trend of linear topographic features is northwest, and parallels

enelissic banding in the bedrock. The foliation is better developed in

resulting in a mors pronounced aligmment of topography than in the Spur

Mountain area. ~Near Spur Mountain, joints seem to conteol the character

pf the t0p6graphy.

25—
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Climate and vegetation
The climate is moderate, with cool summers and mild winters. The

daily and seasonal variations in temperature fall within a relatively

narrow range. The U. S. Weather Bureau Station at Wrangell is the
closest source of weather data for the report area. Average monthly

temperatures and precipitation amounts for the period 1951~B0 at

Wrangell (U, S. Weather Bureau, 1965, p. 16, 49) are listed below:

15—
16

17

19
20~

21

22

23

24

Month Temperature(®°r)  Precipitation(Inches
January | 27.5 5.40
February 32.0 - 6.59
farch 35.2>‘ 5.91 .

-April _ U2, - 4,72
May o 49.3 . 3,99
June - 54,6 _ 3.52
July 57.9 4,83
August ' 56.Y : 6.39
September : 51.7 7.56
‘October : 84,5 13.05
November - 37,7 ‘9,45
December 33.1 9,13

The mean annual temperature is 43,5° and the méan annual precipitation

is 80,54 inches,

U, 8, GOVERNMENT PRINTING OFFICE » 193y O - si1171
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IKetchikan, and at Anrette Island were higher than at Wrangell by 2° to |,

' l

i . ip s . irs

3 i5° for the same neriod because of the modifying influence of the Pacific
|

| j

The monthly temperatures for the winter months at Guard Island, near

s 'Ocean, The amount of precipitation is influenced in part. by topozrachy.!

s— |[Climate in the report area probably differs from that near the weather
|
5 !stations because the report area is further inland and higher.

v The area 1is dehsely forested to an elevation of 3,000 fect except
s where slopes are steep or the grouhd 1s wet. The forests are

s |predominantly Spfuce and hemlock and have a dense urdergrowth of various
- 10— [types of berry bushes and other shrubs. The slopes above timberline are

n  lgenerally covered with tangled alder brush or moss., Talus sloves and i

2 0ld slide scars are covered with dense low alder and devilsclubp,

22

23

24

25—
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. Fieldwork
The possible powersites were examined during two sessions of
fieldwork in the summer of 1984, The investipation of Eagle Lake was
made from June 22 To June 27 by the writers. The investigations at Spur
Fountain and Tyez lakes were made b2tween Sectember 2 and September 10
by J. E. Callahan who was dssisted by George Kraemer. Logistic support
was furnished by J, E; ﬁygwyier; hydraulic engineer, U. S. Geological
Survey,-wﬁo had cstablished camps ir the area for topcgraphic surveys of
the powersites. . o
Aerial photographic coverace of the powersites includes. the
following U, S; Air Force photographs:
' Spur Mountaini SEA 108-13i3, -liu, -115, «116, -1i7, August 8,19u4
N 90-005, -007, July 18, 1948.
SEA 107-008,--009, =010, -O011, ~012,August 8, 10u8,
Fagle Lake: \SEA 113-047 to SfA ll3—05u,incluaive; August 13,1948
SEA 113-142 to Sh 113-1%7,inclusive, August 13,191431
Tyee Lake; SEA 110-083 to SEA 110-103,inclusive, Auvgust 8,“1548.
 SEA 113-053 and 054, August 13, 19u8. |

The scéie of the photopraphs is about 1:40,000 at sca level.

<
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Trevious investigations

The study area is included in the large area mapped by Buddington

3 |and Chapin (1929) during their regional worx on southeastern fAlaska.

.
Because their field investigations were restricted mainly to accessible

5— [coastal areas and major river vallsys thc geologv near Lagle and Spur

6 [Yountain lakes is not shown on their maps. Tyee lake is partially

10—

12

13

included in their map area. In general, their descriptions of the

intrusive and metamorphic rocks, particularly of those along Bradfield

) Fanal (Buddington and Chapin, 1928, p. 49-56), are applicable, with

some modifications, To the study area.

2]

22

23

24

25~
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Geology

The dominant geological Feature of the mainland of coutheastern
Alaska is theICoast Range beatholith., The avec £rom Burroughs Bay and
Unuk River north to Bradfield Canal is underlain by intrusive rocks
belonging to the batholitr erd by mefamorphic rocks consisting
oredominantly qf gneiss with interlayered thin beds of marple or
crystalline limestone. The metﬁporphi; rocks contain a large volume of
intimately associated intrusive rocks which are thought to be geﬁetical@
related to the main patholith. ihe mefamorphic rccks are part of a unit
dcfined as the Wrangell-Revillagigedo belt of metamorphic rocks by
Buddington and Chapin (1922, p. 49). Only the easters part of the belt
is prepresented in the study arca. A very broad transition zone exists
from the metamorphic to intrusive rocks. As the batholith is appreoached
from the southwest, the proportion of concordant intrusive bodies
interlavered Qith the gneissic rocks increases, The western part of the
batholivn is characterized by the preserce of large and small bands of
gneiss in various stages of assimilation. The intrusive rock of the
bathoiith is itself banded, and it iz difficult or impossible to
determine in the field whethe;» some of the rocks are flow-banded

intrusive rocks or partly assimilated metazorphic rocke.
- 2

b -
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Spur ‘Mountain Lake lies well within the mairn body of the batholith.

Tyee Lake is also within the western boundary of the batholith as

defined by Buddington and Chapin (1€29, p. 586), but much of the Tyee

iLake area is underlain by gneiésic rocks which are probadly ﬁapagneisses.
Eagle Lake and Bagle River are within the belt of metamorphic rocks,
although the Bell Arm area south of the head of Eaglé Lake is shown as
guartz diorite continuous with fhe.main batholith by Buddingt;n and
Chapin (1923, plate 1l). The map units used in this report are'd;fined
mainly on the basis of predominant textural characteristics and to a
lesger extent on the occurrence of minerals ordinarily associated with
metamorhpic rocks (ie, garnet, kyanite). Of the units defined only the
quartz diorite at Tyee Lake can positively be assigned an igneous origin,
and only the marble interbeds near Eagle Lake are known to be of

»

sedimentary origin, It can be assumed that much of the gneiss as

%associated with the map%le beds was also derived from sedimentary rocksJ
lSix bedrock units are sﬁowh on the geologic maps.,

Buddington and Chapin present evidence for a late Jurassic or earlJ
Cretaceous age for the rocks of the batholith. Recent isotopic dating
(summarized by MacKevett and Blake, 1963) indicates a Cretaceous age.

The age of the metamorphic rocks is much more difficnlt to determine.

Buddington and Chapin (1928, p. 74) conclude that they are predominantly

Iof Carboniferous and Triassic age, but that they could include rocks

‘which range from Ordovician to Cretacecus in age.

|
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\etamorohic Rocks
Composite Sneiss
Within this unit are included rocks which crop out along Eagle Lake

and Eafle River and around Tyee Lake (figs.'2 and 3). The rccks are

FIGURE 2 - NEAR HERE

FIGURE 3 - NEAR HERE

or metamorphic minerals were not observed in association with the gneiss

characterized by well’dEVGloped gneissic banding and by fine to medium
grain. Partiné parallel to the banding occurs locally, and results from
the alignment of platy or prismatic minerals. The gnelss contaiﬁs a
large proportion of ;n¥erbanded medium-to coarse;grained quartz dioritid
to granitié rock with poorly developed segresation banding. The gneiss
near Lagle Lake contains thin marble beds and amphibolite bands which -
may represent highly metamorphosed impure calcareous sediments. The
presence of garnet, kyanite and flakes of graphite in the gneiss at -

Eazle Lake also suggest a sedimentary origin for the rocks, Marble beds

at Tyece Lake, However, Buddington and Chapin (1928, p., 56) report the
bccurrence of marple beds associated with the gneiss near the head of |
Bradfield Canal, ) .

The quartz diorite and related igneous rocks which are included in

Lhe ¢gneiss unit are locally garnetiferous, indicating local complete

assimilation of the pre-existing country rock.
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_Figure 2
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Geologic map of The

Q
Eagle Lake reservoir
site
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lcomposite gneiss unit. Sample 12 is an amphibolite. The mineral

composition of Sample 13 was not tabulated because it includes the

With more detailec mepping thap was possible during this
investigation, some of the igneous rocks could be mapped separately
from the gneiss of sedimentary origin at Lagle Lake. Around Tyee Lake,
the mixed gneiss is in gradational contact with banded granohiprite, and
and the mapped contzcts Are arbitrary.- Here, too, more detailed work
would undoubtedly indicate a more complex distributioﬁ of rocks’ than is

shown on the geologic map (fig. 3).

Sample 6 and samples 9 thvough 16 in Table 1 are from the composite

TABLE 1 - NLAR HERE

Q

gneiss unit. Samples 6, 9, and 10 are biotite gneiss of probable
sedimentary origin, Samples 1ll, 14, 15, and 16 are representative of

the interbanded rocks of probable igneous origin included in the

contact betwean two bands of widely divergent mineralogy. Sample 13
contains scattered grains of calcite, and the chemica; composition of
both Samples 12 and 13 indicate that the rocks probably resulted from ‘
the high grade metamorphism (amphibolite facies) of impure calcareous

sediments.
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. 1 - iiineral znd Chemical composition and $.I.2.%.

Norms, in worcent, of sixteen rock

samples from the Spur Mountain Lake, Tyee Lale, aond Eajle Lalic poarersites.

Hineral Composition (Volumz Perceni)

enicel (rapid-rock) analyses by Paul L.D. Elmore, Sanmael U. Tottis,

and Lowell Artis)

Locality i 2 3 4 5 6 7 8 9 1C il 12 13 14 15 16
GQuartz 19 31 29 i9 53 27 23 36 43 1 9 6 21 17
Plagioclase 51 41 23 57 46 3 31 %] 31 29 55 25 62 46 46
Alkali Feldspar 23 &0 1 19 33 21 Present Present Present -2
Hornblende 4 38 2 15 8 15 64 27 15 19
Biotite 2 21 - 6 9 19 24 9 & 27 19 15 4 17 16
Magnetite 1 2 1 1 3 :
Garnet 4 7 .
Kyanite 2 Present
Other 2 1 2 1 1

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Chemical Analyses

5109 66.6 49.3 73.7 67.8 59.2 79.1 70.0 65.1 66.4 67.1 60.1 64,0 52.9 55.0 58.9 60.9
Aly03 16.5 17.0 4.0 16.7 17.5 7.4 15.5 16.5 16,0 14.8 17.5 12,1 19.4 15.6 17.0 17.1
Fes01q 1.5 2.2 0.6k 1.5 3.1 1,2 0.37 2.4 1.5 2.1 1.3 2.3 1.7 1.1 1.1 0.84
FeO 1.8 6 0.78 1.6 3.9 3.3 1.3 2.2 4.5 4.6 4.9 5.3 6.4 4.4 5.2 4.6
Mgl 0.7 8.1 0.4 0.7 2.1 2.1 0.8 0.7 2.0 1.9 2.6 5.6 3.8 3.5 3.4 2.9
Ca0 4.3 9.7 1.3 4.0 6.8 0,22 2.3 3.4 2.0 2.5 0.2 6.5 7.8 12.7 6.9 4.6
REDIE 3.9 3.1 3.0 4.0 3.8 0.75 | 3.4 4.3 2.5 2.4 3.4 0.62 3.7 2.7 3.5 3.5
K20 3.2 1.6 5.2 1.3 1.3 3.9 4.7 3.3 1.9 1.0 1.8 0.11 1.4 0.65 1.4 1.8
uzo- 0.04 0.02 0.11 0.06 0.Q9 0.10 0.07 0.08 0.22 0.16 0.02 0,09 0.03 0.09 0.04 0.07
HyO+ 0,54 0.61 0.56 0.84 0.91 1.0 0.68 0.60 1.1 1,1 .85 1.2 0.93 0.82 0.89 0.81
Ti0, 0.32 1.1 0.29 0.35 G.75 0.54 0.40 0.82 0.63 0.57 0.62 1.4 0.98 0.82 0.81 0.67
P205 0.33 0.34 0.16 0.33 0.40 0.16 0.25 0,32 0.39 0.35 0.31 0.28 0.66 0.45 0.39 0.31
MnO 0.08 0.21 0.00 Q.04 0.10 0.08 0.03 0.13 0.16 0.24 0.16 0.15 0.16 0.32 0.12 0.09
COq 0.11 0.10 0.11 0.15 0,11 0.18 0.11 0.1l 0.10 0.11 0.09 0.22 0.11 1.5 0.14 . 0.08

Total 99.92 99,78  100.25 99,67 99.86 100.03 %9.91 99,96 99.%0 99.93 49,85 89.87 99,97 99.65 99,81 99.97

€.1.P.W. Horms

q 22.10 33.63 31.20 16.14 55.49 26.G3 20.03 30.45 40,46 14,48 36.94 2.04 11.83 12 .44 17.92
c : 1.72 2.62 1.96 1.50 .70 7.49 6.406 .33 2.01
or 19.03 8.53 730.82 7.80 7.76 23.27 27.99 19.63 11.42 &.CL 10.74 .60 3.35 3.89 8.36 10.91
ab 33.21 25,37 25.46 34,35 30.79 6.41 28.59 36,062, 21.52 20.76 29.00 5.32 31.6% 23.06 29,94 30.39
an 18.18 27.98 4.72 16.99 28.05 9.15 14.17 6.86 9.63 27.45 29.42 32.50 28.91 26,83 20.82
ne .58 ' ‘ )
Wo .18 7.39 1.13 ) A2 .63 9.16 1.80
en - o T1.75 4,83 1.00 1,777 75,29 4,88 T 2.01 77176 5.07 4.854 6.54 77 TTIL1G 9.56 8.90 8.56 761
fs 1.70 2.C4 43 1.21 3.59 4,37 1.49 .95 6.39 0.36 7.27 5.88 9.12 6.47 7.61 6.99
fo 10.87
fa 5.05 -
mt 2.19 3.22 .93 2,21 4 .54 1.76 54 3.50 2.21 3.11 1,90 3.38 2.49 l.62 1,61 1.25
ii .61 2.11 .55 .68 1.44 1.04 77 i.57 1.22 1.11 1.19 2.70 1.88 1.52 1.56 1.51
ap 79 .81 .38 .79 .96 .38 .60 .7€ 9% .85 74 .67 1.58 1.34 .93 .75
cc .25 .23 .25 .35 .25 .17 .25 .25 23 26 .21 .51 .25 3.40 .32 .19
mg ' .33

Total 99.99 100.01 9%.89 99.97 89.94  100.06 99.% 99.94 99.80 99.88 100.00 99.95 100.01 100.10 94,96 9%.95
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Yotes to Table 1

4 1, CGranodiorite from the right abutment of Spur Mountain damsite.
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Granular texture, Plagioclase, hornblende and biotite qﬁel
subhedral to anhedral, Quartz and microcline are anhcdfa;.

Average grain size is 3/3 mm. !Yicrocline grains are as much as

2 mm in diameter, Plagioclase is andesine (Angs). Some hornblende
fgrains enclose augite.,

Meladiorite from band of dioritic rock on lakeshore 1150 ea;t of
outlet of Scur ltlountain Lake. Egquigranular, with finely gneissic
texture, Average graintgize is 1/4 mm. Biotite laths are as long
as 3/4% mm, All minerals are fresh, unaltered, and show no
indication of strain or deformation. Plagioclase is andesine
(ADQO—NSj‘ Apatite is the only coumon accessory mineral,

Granite (adamellite) from an oﬁtcrog about 2,000 feet from the
southeast end of'Spur Mountain Lake, approximately on the tunnel
route to Unuk River, Granitic texture. Microcline and quartz
grains are as much as.2-l/2lmm in diameter. Plagioclase is
fractured and extensively altered to kaolin and sericite. Biotite
-is altered in mart to chlorite and localiy to" epidote. Plagioclaﬁe
is andesine (Angg.35). Zircon is a common accessory miﬁeral.

Quaftz diorite (tcnalite) from the crest of Spur Mountain on the
tunnel route to Hulakon River. OGranitic texture. Average grain
size‘is about 1/2 mm. Plagioclase and quartz grains are as much
.as 1.5 mm in dilameter. The plagioélase is fractured and partly

altered Yo sericite or kzolin. Much of the biotite is altered to

|
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chlorite and epidote¢. Plagioclase is andesine (Anjzg).

Quartz diorite from left abutment of Tyee Lake damsite, 150 feet
norhtwest of outlet. Variable zrainm size. liornblende crystals
rare as much as 8 mm long, Quartz and plagioclase have maximum
diameters of 3mm and 5 mm respectively, Light colored minerals
are largely unaltered. [lornblende is slightly altered to chlorite
and biotite is partly altared to chlorite and epidote.

Plagioclase is andesine (Any7).

Biotite gneiss (biotite quartz-granite) from boint of land on south

. shore of Tyee Lake about 1 mile southeast of outlet. From mixed
gneiss unit, Quartz and feldspar grains are anhedral, and bilotite
grains are subhedral. Grain size varies across banding,
Microcline prains have a diameter of as much as 1 mm, Plagioc;ase
(oligoclase, Ansg) occurs in scattered small grains and is highly
altered to sericite, Bioti?g is partly altered to epidote.

' Mierocline is free of alteration.

Granite (adamellite) from north shore of Tyee Lake, 2,800 feet east
of outlet. Average grain size is about .3 mm. Plagioclase
(andesine, &nj,) grains have a maximum diameter of about 2 mm,
Quartz and feldspar grains have irregular, embayed borders.

Plagioclase and microcline are slightly altered. Biotite is partly

altered to ghlorite and is locally bleached. Larger grains ave

surrounded by complex intergrowths of finer material, which
suggests shearing or crushing in a'partly golidifjed magma during

emplacement, -
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8. OGranodiorite from crest of ridge 3,700 feet north-noriheast of tha

.L0. Garnetiferous biotite gneiss from left abutment of the ELagle Lake

outlet of Tyee Lake. The rock is very inequigranular. Grain size
ranges from submicroscopic 1o as nmuch as é% mm. The minerals are
Ihighly fractured, and plagioclase (oligoclase, An,g) altered to
sericite or.kaolin along the fractures., The mafic minerals are
well preserved with only minor alteration of biotite to chlorite
and hornblende to epidote. The rock appears to havg undergone
some postmagmatic crushing and recrystallization of the quartz
and feldspar,

9, Garnetiferous bilotite gneiss from left abutment of the Eagle Lake
damsite, about 1000 fect north of the lake outlet. Average grain
size isAabout 1.5 mm, Anhedral. garnet crystals have diameters of
as much as 2 mm. Plagioclase is andesine (Angy). Biotite laths
are bent and shredded, and in some cases appear to bend around
ovoid masses of quartz, feldspar and garnet. Graphite flakes are

common.,.

damsite 1500 feet north of lake outlet, Texture and interrelation
'éf minerals génerally similar to gneiss at locality 9, above.
Magnetite and apatite are common accessory minerals, Plagioclase
is andesine (Angg_,q).

Rl. Garne?iferous gneissic quartz diorite from right abutment of Eagle
Lake damsite about 1200 feét n;rth of the lake ocutlet, Average
grain size about 1/2 mm. Some plagioclase (andesine, Angg_gq)

grains have a diameter of 5 mm. Large plagioclase and quartz

T

®l
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and bent twin lamellae in nlagloclase are common throughout the o

12. Amphibolite from left abutment of the Little Eagle Lake ‘damsite

association, quartz occurs separately near edge of thin section.

13, Rock from left bank of Eagle River about 3,500 feet below the outleJ

14-15-16, GCneissic quartz diorite from southwest shore of Eagle Lake A

b=

masses are enclosed by finely granular aggregates which are strung

out parallel to gneis§ic banding. Undulatory extinction in quartz

thin section.

about half a mile north of the outlet of Little LEagle Lake.
Hornblende oceurs in large irregular optically discontinuous masses

or clots., lornblende and plagioclase (bytownite, Angg) occur in

Bulk analysis and norms include a larger percentage of quartz than
is present in thin section. Accessory minerals include zircon and

a widelv disseminzted suliide, probably pyrite.

of Little Fagle Lake. Mineral composition not tabulated. Thin
section includes part of a biotite-hronblende gneiss band in
contact with a rock principally composed of plagioclase,
clinozoisite, diopside and abundant relatively largé euhedral

zircon erystals, !

5,500, 13,000, and 16,000 feet respectively from outlet of lake.
From mixed gneiss unit. The rocks are roughly banded, with

indications of deformation including granulated quartz and feldspar
undulatory extinction in quariz, bentlfeldspar tyin laminae and

bend and shredded biotite laths. Plagioclase is andesine (Any,g).

Maximum grain size is about 3.5 mm in hronblende. Accessory
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minerals are apatite, corundum and rutile, The three samples are

. . . . . 2
nearly identical in megascopic appearance and texture.
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Marble
Marble interﬁeds in the éneiss were observed near ELagle Lake at
two localities, one on the east side of Lagle River about 1/2 mile
below thé outlet of the lake,-and the other on the south sidé of Eagle
Lake near the upper end (fig. 2). The mafble interbed near the lake
outlet crops out in the channel<of a small tributary stream at an

altitude of about 800 feet. The thickness of the bed ranges from 15 to

120 feet. The marble is dense, white, and medium grained, and contains

evenly distributed graphite flakes that are oriented parallel to the
foliation in the adjacent gneiss, The marble exposed near the upper
end of the lake is at least 12 feet thick, is coarsely erystalline and
massive, and contains scattered small rounded grains of a pale-green

mineral, probably diopside.

/!
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Igneous rocks
Spur tlountaln Lake and Tyee Lake lie within the Coast Range

batholith. The predominant rock type at hoth localities is medium
1

grained, inhomogeneous, crudely banded granodioritei(fig. 36 4), The
[
I

FIGURE % - MNEAR HERE

granodiorite grades locally to granite (aéémellite) and quartz-diorite.
Diorite bands large enough to map occur at Spur YMountain Lake, and’
hornblendite masses or bands were observed at both localities. Coarse,
massi;e quartz diorite underlies the outlet area of Tyee Lake,
apparently as a discordant touy crosgcutting the gneissic banding in
the granodiorite and composite gneiss which surrounds thg lake.,

The relative ages of the different igneous rocks is not known, Theg

hornblendite bodies at Spur Mountain Lake are brecciated and appear to

be- intruded by granodiorite. At an exposed contact between diorite and
granodiorite a2t Spur Mountain Leke, the granodiorite appears to be
intruded ‘along pre-existing planes of foliation and joints in the

diorite.,
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Figure u
Gc5logic map of the Spur
dountain Lake rescrvoir

site
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| the large mappadble bands of dlorite described above, small inclusicns

"lon the southeast shore of Spur Mountain Lake about 4,000 feet northwest

‘Granodiorite
Rocks of the granodiorite unit are medium to coarse grained, light
gray in color and are generally“banded. The rock is inhomogeneous. The

thickness and composition of bands are quite variable. In addition to

or segregations,of dioritic or more basic rock occur throughout the
granodiocrite, Although the average composition of the unit as mapped
is probably grancdiorite, much of the rock is locally quarti dioritic
or granitic (Table 1), The granodiorite is classified as an igneous
vock in this report, although it might properly be considered as a
metamorphoged intrusive rock (orthogneiss)., Some of the rocks examined
show microscopic evidence of post-magmatic deformation.

. " Hornblendite

Rock composed predominantly of hornblende crystals with

interstitial plagioclase and some asscciated biotite occurs at Spur
Mountain Lake and Tyee Lake. At Tyece Lake, the hornblendite crops out
for &bout 1[2 mile aloné the crest of the ridge about half a mile
northeast of the lake outlet (fig, 8). It appears to Le in gradational
contact gith granodiorite which crops out to the northeast.
Hornblendite occurs as a band or elongate mass about 50 feet wide in

the granodiorite on the crest of Spur Mountain. Similar rocks crop out

of the outlet. .The hornblendite bodies near Spur Mountain are severely

fragmented and intruced by heavy irregular veins of granitic or -

granodioritic rock, They are not large enough to be shown on the geolo-

Z1C MAapD.,. BN g
P f} f V. $. COVETWMENT PRINTING OFFICE : 1959 & - S111%1
' o 3 ' . Y 10V




e : . - -__T
Diorire
2 Diorite crops cut along the shore of'Spur Mountain Lake from 600
3 to 1,200 feet east of *the outliet of the lake (fig. 4). 7The diorite
a occurs in a band about 600 feet wide which trends N. 10° to 15° W,
5—- | Diorite which apparently beclongs *o the sarie band crops out on the
6 northeast shore of the lake directly opposite the outlet, Diorite is
7 also exposed on thé southwest shofe of the lake about 4,000 feet

8 northwest of the ourlet, where it is in gradational contact with the

9 hornblendite described above, The diorite is generally finer grained'
10—~ ) and more distinctly banded than the granodiorite.

n . . Quartz Diorite

12 The outlet of Tyee Lake and th:.nill west of the outlet are

13 underlain by coarse-grained quartz diorite inferred to.be part of a

14 discordant body which cuts the gneissic rocks exposed around the lake

15— | (fig. 3). OQuartz diorite with very similar characteristics crops out
16 on Bradfield Canal east of the mouth of Tyee Creek. The quartz diofite
17 is massive and contains scatteréd sehlieren of fine-grained gneissic-
18 |rock.
19
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Unconsolidated Deposits
The largest degosits gf unconcsolicated material within the' study
avea as a whole are the deltzic and allu@ial deposgits at the heads of
Burroughs Bayland Bradfield Canal. Hovever, the deposits more directly
related to the present investigatioﬁ.ére élaciofluvial and alluvial
deposits at the heads of Tvee and Sour Mountair Lakes, flood plain
deposits along Eagle River, Ld;;S, colliiviam anc soil cover,
The alluwvial plains at the heads of Tyee and Spur Mouncain Lakesi
are underlain by moderctely well sorted and stratified gravel, sand and
silt. The depositslprobably irclulde beds of lacustrine silt and
possibly some buried morainal material. Smaller alluvial plains occur
at the head of Eagle Lake and above the small pond below the outlet of
Spur M;untain Lake.

In addition vo the broad deltaic areas a: the heads of the lakes,
smaller deltas have been built inte Spur Mountain andJEagle Lakes by
tributary streams. These small deltas are made up prgdominantly of
subangular to subround gravel with some sand, and the deposits are
probably more poorly sorted and stratified than the deposits at the
heads of the lakes.

The fleod plain of Eagle River between Eagle Lake and Little Eagle
Lake is underlain by sorted and stratified sand and gravel. The basin
of Little Eagle Lake contains & large volume of alluvium which probably
inciudes beds of lenses of fine sand, silt and peatr or highly organic

silt as well as coarser sand and cravel,

25~
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Talus deposits composed of lirge angular blocks of bedrock occur
along the lower slcopec of the mountains surrounding Tyoe.and Sour

Mountgin lakes, The gorge of :yee_ércek iz filled with large blocks of
ouartz dJdiorite, as is the deep draw whieh trends northwest from the
outlet arca, No ceposits of very large talus blocks were noted af L.gle
Lake, ' -

Colluviﬁm couirosed of angular, unsorted rubble has collected at the
base of steep slopes along Eagle Lake anéd Eigle Fiver as a result of

rockfalls, snow avalanches and rapidly running water during periods of

high runoff,
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‘Structure

The strike of gneissic¢ bandin; or foliation and the trend of
observe:l contacts is generally towsrd the northwest throught the study
area, Measured strikes range from north-south to west-northwest. Dips
are consistently to the acrth woed east ot Spur Mouncain Lak;, where the
average is abéuﬁ 50° NE. Dips &t Tyee Lake are also predominantly to
the north and east, Lut they are ouite variable, Axr Bagle Lake, dips
are generally steep and rarnge between 70° JE and 70° SW., Changes of
dip are abrupt ?t Eagle Lake., suggeating widespread xight cheveon
folding. s

Joints are steeply dipping to vertical, Figures S, 6, aad 7 are

FIGURE S5 -~ NEAR HERE

FIGURE & - NEAR HEREL

FIGURE 7 = NEAR HERE

contour diagrams of polesplotted to joints measured at Spur Mountain,

Tyee, and Eagle Lakes, respectively, Tﬁe joint systeﬁs at Sbur Mountair
and Eagle Lakes are quite similar, with two major sets striking N, 65° K
ard N, 10° W., respectively, with vertical or nczr vertical dips. The

northeasterly striking set is alsu present at Tyee Lake.
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Coatour dizgram ol Soles
of 120 joirts in the Spur
Yountain Lake powersitc

area
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Figure 6

Contour diagram of poles

- of 127 joints in the Tyee

Lake powersite area
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Contour diagram of poles of
96 joints in the Eagle Lake

powersite area
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As a rule, joints are laterally persistent, but widely spaced. No
slickensides or other evidence of movement on joint faces were observed|
Evidence of faulting in the outerop is lacking. This lack of

observed evidence can be attributed to the lack of persisteﬁtl
distinctive marker horizons or layers and to the heavy brush cover in.
the area. !ficroscopic indicatiops of strain and wmovement, such as
undulatory extinction and granulated mirerals were observed in thin
section, but this could be a pfotoclastic texture.

Linear topographic features observed on aerial photographs are
common throughout the study area,. ‘Near Spur Mountain and Tyee Lakes,
the most obvious and persistent lineaments parallel the major joint
directions., At Fagle Lake, the most obvious and longest lineaments are
varallel to the foliation. Some of the lineaments at Lagle Lake are
wide and show considerable relief, and may represent solution channels
developad along marble beds. It 1s noteworthy that some of the
lineaments at Eagle Lake can be traced for 4 or 5 miles along the
valley on the photographs with no apvarent offset.

In adcition to the lineaments described, which are local
significance only, segments of several lineaments of regional
significance traverse the study area. Bell Arm, Buxrroughs Bay, and the
vallev of Unuk River are parts of a system of east-northeast-trending
lineaments which are interpreted as faults by Twenhofel and Sainsbury
(1858, o, 1442), A lineament of similar magnitude extends parallel to

Unuk River from the Hulakon River northéasterly across Spur Mountain

for about 15 miles, and includes the upper valley of Spur Mountain Lake,
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The valley of Eagle River and Eagle Laxe is a segment of the
Coast Range lineament, a major linear feature defined by Twenhofel and

Sainsbury (1958, plate 2),
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Eerthquakes
The nearest recorded earthquake epicenters 75-100 miles west of
the study area, Earthguakes were felt on a single occasion each at
Hydér, Ketchikan, and VWrangell (Heck, 1958), but no damage wéslreported.
Earthquake epicenters in soutneastern Li.ska and coastal British
Columbia appear to roughly parallel majcr linear topographic trends, the
largest of which include Chatham Stfait—Lynn Canal and the west coasts

of Baranof, Chichagoi, and the Queen Charlotte Islands (St. Amand, 1957),

[These lineaments are considered to be traces of active fault zones,

(Twenhofel and Sainsbury, 195&). One of the major lineaments is the
Coast Rangé lineament described previously. Evidence of a recent
movement along tne Coast Range lineament is lacking. However, the
region as a whole seems to be -subject to crustal unrest, as e;kdenced

by post-Pleigtocene uplift (Twenhofel, 1952). The uplift can be
attributed to either glacial rebound or to tectonic disturbances, but in
either case such adjustments could be accompanied by seismic shocks, All
heavy rigid structures should be located on bedrock and designed to

withstand moderately severe earthquakes.
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Spur Mountain Lake Pouwersite
Topography and- Drainage
Spur tountain Lake (fig. ¥) is about 4 miles north of the head of
Burroughs Bay, an arm of Behmléanal. The lake occupies a nafrqw bedrock
basin in a U-shaped glacial valley trat is a "hanging valley" tributary

to the wider and deeper trough in which the Unuk River flows. The

valley has a sinuous course from east to south to southwest in the upper

part, then turns abruptly southcast at the hcad of the lake., The valley)|
is about 6-1/2 miles long. Valley walls show evidence of alpine

glaciation up to an altitude of about 3,500 feet.
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Spur Mountain Lake is at an altitude of about 1,889 feet. The lake

is about 1-1/2 miles long, and averages about one-quarter mile in width
and is 253 feet deep. The deepest part of the lake is at an altitude
of 1,636 feet and about half a mile from the southeast end of the lake
(fig. 4). The outlet stream flows southwest out of tne lake, dfops
aboﬁt 180 feet .in ope-quarter mile to a small flood plain, turns
abruptly to the soutﬁaa&t, aﬁd'flows into a small pqh?, Below the pond

. jo
the stream drops about 1,500 feet in 2 miles to the flood plain of Unuk

River. The lake is fed mainly by two streams, one éq:which flows into
tha head of the lake and drains the greater part of éﬁe bgsin. The
other stream flows into the lake from the southwest, draining a large
;ributary valley. In addition, nurerous small streams and rivulets
flow in precipitou; oédrées from the valley walls along the lower
two-thirds of tne lake. Althougn tne stream at the head of the lake
and some of the miﬁor streams Lave émall glaciers at their sources, no
appreciable amount of silt was being carried into the lake in September
1964, The drainage.area of the lake is about 10 square miles. .

_ The reservoir site includes the lake and that part of the upper
valley which would be inundated by raising the water level. Because of

the flat gradient of the .valley floor: above the lake, a 50-foot rise

in the lake level would almost couble the length of the lake.
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The damsite is at the outlet of tae lake and consists of a low
northvest-trending bedrock ridge or lip which impounds the lake. The
ridge 1s breached at the outlet and at & ceep saddle through the left

abutment about 600 feet southeast of the outlet (fig. 8). Southeast of

FIGURE 8 - NEAR HERE

the saddle, the left abutment widens to'a broad, flat-topped hill. The

ground surface of the right abutment rises gradually to an altitude of
about 2,100 feet, then drdps into a shallow depression where it merges
with the main valley wall. The right abutment is very narrow in a

northeast-southwest direction, normal to tne possible axis line of the

dam,
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Figure 8

Geologic map of the Spur

Mountain Lake damsite, '
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‘drawing the lake down below its surface or a combination of the two

[the storage capacity appreciably. A dam with a crest altitude of 2,000

Develonment
The topography and un&erwater contours on the lake bottom indicate
that the greatest amount of siorage for 7 given change in the water
level would be obtained by raising-the water level of the lake_by
construction of a dam and drawing it down_by meéns of a tunngl at the
present surface (fig. %), This method would. take advantage of the flat

valley bottom abnve the lake, Other methods would involve simply

@ethods.
Raising the lake 1o the 2,000~foot level would result in a storage
capacity of about 48,000 acre-feet above the present lake level, Raising

the water level to an altitude much above 2,000 'feet would not increase

feet wguld be about 1,860 feet long, It would essentially be in two
sections on each side of the 1,996-fcot knob which rises to the east of
‘the outlet,

Another méthod, which would result in.about 60 ﬁercenf as muéh

storage capacity as the above scheme, would be to build a dam with a

-Lurface.at the 1,830-foot level. This would lengthen the tunnel routes

crest altitude of 1,950 feet and to tap the lake about 40 feet Lelow the
I

by several hundred feet, but the crest length of the dam would be
reduced to about 790 feet, which would include a 590-foot-long main dam

and a 200-foot-long dam in the saddle in the left abutment.

~
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Water from Spur Mountain Lzke could be diverted for the generation
of power by means of a surface conduit dovm the valley parallel to the
outlet séream or by cne of twe possible tui.ccl routes (fig. 4). Becausd
the geologic problemsleﬂcountered in the construction of a sﬁrface
conduit would be of littlé significance, only thz tunnel routes will be
discussed. One of the tunnel routes extend$ from the southeastern tip
of the lake, about 1,460 feet southeast of the outlet, to a pqwcrhouse
on fhe Unuk River apout 5,000 Feet above its confluence with fhe~outlet
stream. The length from intake to powerfouse is about 11,200 feet, If

s -
a near-horizontal grade iz meintained in the tunnel, this would include
a tunnel about 7,500 feet long and a penstock about 3,700 feet long,
The penstock could be a ;urface conguit, a buried conduit, or an

inelined tunnel with an inclination of about 60 percent. The other

turnel route is near the upper e¢rd of the lakd and the tunnel would be

horizontal turnel would be about 7,206 feet long, with a 2,300-foot
penstock inclired at about 50 vercert, The penstock could be one of

the three types described above.
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Damsite
The Zongest ssciion of the cdam would be underlain by ﬁedium-grainej
hornblende biotite granodiorite, which grades loczlly to cuartz
monzonite'andlqtartz diorite. Bandiné is present in the rock, and it
ranges in development from very ohscure to modcrately prenounced. The
rock does not part pzrallel to the banding. The bandirg is probably
orimary flow striciure, Eloﬁgatc inclusions of finefgvained and finely
banded diorite occur in the granodiorite, Joinés cut the granodiorite
at in.ervals renging from 2 few inches To as much as 15 feet or more, -
Most of the talus blocks at and below the outlet are several feet in
diameter, After removal of solil cover and colluvium, the rock surtace
would be an excellent Fourdation for any type of danm.

The contact between the granodiorite and the diorite east-of the
outlet is exposed a: the lake shore near the north end of the saddle
in the left abutment. The contact appears to_trend through the saddle

rarailel to the general strike of the gneissic banaing,
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|diorite does not differ significantly Irom that of the granodiorite, and

— - -

The diorice is generaily finer grained and more distinctly banded
than the granodiorite, Locally, some partings are developed in the
diorite paréllel to the banding. Separation of the two rock types into
mappable units is arbitrary, because the diorite contains a large

percentage of interbanded coarse granitie rock. The strengfh of the

the partings in it have little continuity compared Eb{the joints which
cut both rock~types.- Both the diorite and grancdiorite are dense,
compact rocks, with negligible permeability except wﬁere fractured.

! .

Narrow abutments and unfstorably oriented jointé are factors which
might considerably affect the design and cost ofsa dam. A careful and
complete subgurface 2xploration shoulq be mgde in thQHQamsite area. The
two major joint sets strike at nigh angles through the abutments. The
joints are generally tiéht and widély spaced, but some of them are
continuous for several tens of feet. Three prominent notches in the
righf abutment parallel the northeast-striking joints, wﬁereas the deep

saddle in the left abutment and the outlet lie along the trend of

porth~northwest~striking joints,

~ . U, 8. QOVERNMENT PHINTING OFFICE: 1959 O - 311071
A
087 (00




¥.1287

10—

11

12

14

16

17

18

19

20—

21

22

23

24

Bedrock is ot or near the surface zlong most of the longer (western)
section.of the possibple dam axis. The rock is a competent foundation
for a concrete gravity dam, which would have the base best suited to .
the narrow abutments of the damsite. Tha depth and type of
unconsolidated fi}l in the saddle in the left wbutment would determine
the type of dam. required for the shorter seétion. Although bedrock is
present at the lakeskuré at cthe upper end of the saddle, the bedrock
surface‘c&uld plunge rapidiy uader cover away from the lake, i

Subsurface explorétion stould include core drilling at several
pointz along the possible axis.of the dam, Holes drilled at an angle .
from either side of the outlet and the deep saddle would cross beneath
£hese features and intersect possible narrow buried channel deposits
that might bhe missed by vertical holes. The cores would indicate the
character of thé bedrock at depth, particularly the frequencylof joints
and fractures, and the degree o weafhering along them.. Core drilling
should be followed by préssure or pumping tests to determine the amount
of seepage to be expected under the dam and througnh the abutments. 4
resistivity sufvey along the possible dam axis, especially in the deep -
saddle‘in‘the left acutment, might be used to supplement drilling to

determine the depth of the unconsolidated deposits.

25—
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1 . inrnel Routes

2 Zoth tunnel routes are underlain o5y similar rocks and geologic
3 conditions are similar insofar as the construction and maintcnance of a
4 tunnel is concerned (£fiz, 4), The rocks observed along the Unuk River

»— | route appear more uniform than those alony Tiue Hulakon River route. The

6 rocks along ihe Unuk River rouie are similar to the medium-to coarse

7 grained grar.diorite exposed in the right abutment of the damsite., One

faifly representative sample cxemined in thin section is a granite
9 (adamellite)(TaBle 1, ¥o. 3 _J. 'In general, the granite has poorly
.
10~ | defined banding.l Joihtﬁ in the rock are spaces several Teet apart.
n The rocks-élong the l!iulakon River tunnel route are predominantly

12 medium-to coarsc-grained quartz diorite or granodiorite. Narrow

A . . . LA
13 interbands of dark-gray diorite¢ gneiss are common in the granodiorite.

4 - 1The 50-foot-wide hornblendite zone described on page 27 is near the
: =

‘

‘15~ [tunnel alignment at the crest of Spur Mountain.

|
16 i Because the bedrock is similar along the two tunmel routes, the

17 :choice of routes is based on structure and topography and possibly othen

14 }factors bevond the scope of this report, such as accessibility of the
| ' ' . e e '

(v powerhouse and transmission line right-of-ways,

20-- A tunnel along the Hulakon River route would.be under adequate
21 cover over its full length. It would pass near the major lineamént at |
24 ithe head of the lake but would not rcross the lineament. Other
2 lineaments observed along this route are believed to be joint

2 lcontrolled.

25 -
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'some provision would have to be made to prevent the coarser sediments

ithat are carried into the lake from entering the tunnel intake., Another

The. Unuk River tunnel route parallels the valley‘below the lake
outlet., Along the most direc{ route, the tunnel would come within a
few hundred fcet of the vallay wall at a point about 4,500 feet from
the lake. At this locality scveral strong lineaments showﬁ on the
aerial photographs parallcl the major joint sef that strikes N. 60°-70°
E. (fig. 4). -Another iineément“interpreted possibly as a small fault
or>éhear zone strikes about M. 20°.Z. In order to avoid the possibility
of excessive leakage from the tunnel at this locality, the tunnel
alignment might be shifted slightly east, or a reinforced lining might
be used in this part of the tusnel, Otherwise, -cither tumnnel woﬁld
recquire a lining except to provide For a smoother hydraulic flow.

Both tunnels woula bDe ciriven from points where tributary streams

enter the lake. The streams have built small deltas into the lake, and

source of sediment which might affect the intake of the Hulakon River

tunnel would be the main siream entering ithe lake opposite tiie intake,
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{the left abutment of the damsite can be correlated with rocks of similar
i rtithology on the northwest shore of the lake. Diorite, grading to

hornblenditec, crops out on the southwest shore of the lake about 4,000

riouse Sites
Neither of the powerhocusc sites was examined. "No evidence was seer
on the aerial photographs to indicate a significant difference in bedrodk
lithology from rocks elsewherc in the area, At the Unuk River site,
the powernouse cculd bDe built on bedrock near the water's edge on the
zorthernmost side channel of the river, At the‘Hulakon River site,
the powerhouse would have to ba built several hundred feet back from
the river at the base of the vallcy wall 'in order to have a bedrock
foundation., Because of the 7Flatness of *the valley floor, this would
rot entail a sigﬁificant loss of head.
Reservoir site
The rocks exposed arounc g reservoir site are predominantly

granodiorite or quartz diorite. The diorite zone which trends through

i

feet from the outiet.

The reservoir site is a rock basin carved in massive, impervious
granodiorite in:rusive rocx (fig. 4. "Except for the damsite area,
significant water losses from the reservoir would be unlikely. The
slopes above the lake are steep, ou: no evidence of large-scale
landslides, roéﬂfalls, or srow avzlanches was observed. It is unlikely

that raising the water level by 50 or 100 feet will cause any change in
. 0

the stabiiitv of the slopes.

g
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Construction materials

Surficial deposits underlying the alluvial plain above the head of

Spur Mountain Lake are the nearest large source of coﬁstruction
materials to the damsite. These deposits consist of beds or lenses of
gravel, sand, and possibly some glacial silt. The gravels consist of

cobbles and pehbles of intrusive rock similar to the bedrock exposed

around the lake, and they should make good coarse aggregate. A more

limited supply of fine to coarsc agzrepgate could be obtained from the.

flood plain immediztely abova the small pond below the outlet. Clean
gravel may be obtained from the small delta built by the large tributary
stream near the head of the lake, Large angular blocks of intrusive

rock suitable for riprap are in any of the talus deposits around the

lake,
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T?cc Lake powefsite

Topography and drainage
Tyee Lake 1is aboqt.l-;/2 miles due soutrh of the head of Bradfield
Canal at the lower end of a northwest~trernding glacial valley which
extends 6 miles abovg the lgke Gevct (fig, 3). The lake is about 2-%/4
miles long and bas a maximum width of 2,000 feet and surface afea of
approximately 425 acres, The surface of the lake was at an altitude of
1,387 feet on July 24, 1963, and theilowest part of the lake bott;m i;
at an altitude of less then 1,060 feet. Tyee Lake is drained by Tyee .
Creek. The creek flows north ou% of the lake through a deep narrow
gorge, turns northwest abour 2,300 feet from the outlet, and continues
northwest to its intersection w?:h fiiddes Creek. From Hidden Creek it
flows north-northeast into a slough of Bradfield Canal, The drainage
area of T?ce L;ke covers about 14 or 15 square miles. A large stream

flows into the upper end of the lake and two smaller tributaries flow

into the lake from the northeast and southwest, respectively; Three

small glaciers lie within the drainage basing but they apparently do

not contribute much silt to thz lake bacausc the water was clear.
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‘Development
According to a report of the Federal Power Commission (19447,p. 61)

complete regulation of the discharge of fyee Lake (estimated 182 c.f.s,)

i would require'storagé of 72,000 acre~feet of water., This storage

capacity could be attained bv raising the water level to an altitude of
about 1,510 feet with a dam 3t the outlet of the_lake, by drawing the
lake down to 1,160 fect by eans of a tunnel 227 feet below the present
watéf surface, or by & combination of the two methods. The wate? could
be éonveyedlto a powerhouse site con DBradfield Canal near the mouth of
Tvee Creek by a tunnel with its intake on the north shore of Tyee Lake.
The Federal Power Commissior: (1947)'5entions an irclined tunnel with a
20 percert grade but suggesty :i:at a horizontal tunnel with an inclined
penstock woulé cost less ‘to buil&. The location oF the intake would
depend or whether or not the lake is to be drawn down below its normal
level. The shortest tunnel-penstock route would extend fronm a point
near the outlet of the laske north: to the powerhousc site. However, to
Insure sufficient rock cover in the draw alout 1,800 feet worth of the
outlet, the route should pass east of the 1,500-foot contour in the
draw, (Eig. 3). This would nlace the intake about-1,100 feet east of
the outlict., Assuming a horizontai tunnel at the present water level,
theltunnel would be about 4,800 fegt long with an 1,800-foot penstock.,
In order to develoo the sicrage by drawtown alone, the tunnel

intake would have to be at least 2,200 fect cast of tbe lake outlet to

reach the required depth. This vould place the intake almost urder the
center of the lake, ard would result in a tunnel about 5,600 feet long

25 ~

.

ith a 1,60Q0~-foot nenstack
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TOE L -oTowWesST Consu|r1ction in the gorge of tvee Creck 1s between
100 and 150 feet north of the lazke outlet, as shown along alignment

A=A" (fiq; 9). However, a greater width of bedrock is exposed 150-200

4

FIGURE S ~ NEAR KERE .

feet further downstream, near alignment B-IZ', The exact location and

type of dam would largely depend ‘on the depth and permeability of the

&

fill which underlies the floo» of the gorge, but the axis would

undoubtedly fall somewhere between alignments A-A' and B-B' (fig. 6).

|At the l,S;O-fdot altitude, the lengtih of the c¢restline or chord of the |

dam would be 283 feet along alignment A-A', and it would be about 144
feet above the surfacc of Tyee Creek. Along alignment B-~B', the length

lwould be 332 feet and the crest would be about 182 feet above the
|

J

isurface of the creek. The site is well suited topographically for arn

arch or gravitv-arch dam, which would occupy most of the area becueen
! .
ithe two alignments.

25 ~
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\ nedrock ir hoth abuiienis consists of coarse~grained biotite
. » )
2 . hornblende guartz diorite. The quartz diorite sample described in
3 Table 1 (loc., 5, fig. 9), is representative of the bedrock at the

4 damsite and in the exposﬁres for several hundred feet along Tyee Creek

5 |above and below the damsite. Trhe c.ari. wlorite-is cut by irregular’ .

6 pegmatite vein; and dikes from 1/2 to 6 inches thick. Well-defined

N aplite dikes as much as 2 feet thiek cut the quartz diorite. The two
6 largest dikes observed are shown onr the zZeologic map (fig. 9). fhe

9 dikes are composed of some or all of the mineral constituents of the

»

10— {quartz diorite but in differcnt proportions. The dikes do not differ

11 significantly from the quartz diorite in foundation properties.
12 The quartz diorite is massive and structureless., In both abutments

13 the rock is cut by many randomly oriented joints and irregular fractureg

14 but oniy those belonzing to the major 3oint sets persist. Althougn
|
[ .
15— |lsome of these cam be waced from top te bottom of The bedrock exposures

t¢ iin the canyon walls, the major joints strike nearly normal to the

|
| .
; labutments and have stecp or vertical dips.
iQ
20 - . ) 1
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The channel sectior of tThe damsite is covered by large angular
bloecks of talus, The thickness of this déposit can be determined only
by drilling or bv gcophysical methods, Straight-line projections'of
the bedrock walls into the subsurface indicate a possible deﬁth of
nearly 200 feet along alignmenc A-A' and over 100 sfeet along alignment
3-8' (fig. 9). Depths greater than this are possible if the gorge is
eroded along a fault or shear éone. In this cace, a deep stream channel
that is filled with stream gravel and talus may be present, Although no
evidence of shearing or crushing was observed in the outcrops in the
abutments, the gorge does not paraliel any of the known sets of joints,
and the talus deposit iz wide gnough to cover a fault zone.

In summary, the abutments of <«... damsite are composed of competent,
massive unwecathered quartz diorite which is capable or -supporting any

size or type of dam, The attitudes of the persistent joints in the

15~ abutments are parallel or at low angles to the axis of the dam. The

14

joints are generally wide-spaced and tight, and serlous leakage or

movement along the joints is ualikely,

The chanrel section is filled with coarse angular material to an

|
unknown depth., The £ill may be too permsable to hold grout or other

20— [treatment, requiring complete removal of the material prior to

21

27

3

PATES

construction of the dam. If the depth of the fill is such that removal
heould be more costly tiharn a lonzer tunnel, it might be preferable to
develop the reguired amount of storage by drawing the lake down below

its nresent surfcce,
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Turnel Routes
Two tunnel-penstock routes zic shoun on figure 3. These cover the

two possible extremcs of developing stcrage by raising the lake alone:

v
<

or by drawdown alone, A tunnel route fo?'utilizing storage &eyeloped
py a combination of the two would fall between them. North of tne draw,
1,800 feet\north of the lake outlet, the two routes would be the same
except for the difference in altitude.

The tunnel routes are underlaln by granodiorite, injection gneiss,
hornblendite and qﬁaqtz diorite. The penstock route is underlain by

quartz diorite.

J
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" tunnel routes. The northeramost 1,100 to 1,200 feet of the tunnel

poutes and the penstock route are jin quartz diorite similar to that

and penetrate-this rock type for about 2,600 feet, The short tunnel

- - —_— )

|
|
R I
Both. tunnel intakes would be liocated in massive granodiorite. The i
i

rock-is unweathered and generally shous poor banding. Parting does not

occur along the banding. The samplé described from locality 7 (fig., 3){

f

is representative of the granodiorite, A tumnel cut in this rock wouldi

' ) i

not require lining, Injection gneiss crops out along the crest of the
. .

ridge directly north of the turnel’intake.' The longer tunnel would

probably intercept the injection gneiss within 700 feet. of the intake

would reach the injection gneiss within 300 feet and would be in the
gneiss for about 2,400'feet. The gneiss is distinctly banded with
local parting éarallel to thne band;ng. Because the banding ordinariiy
strikes at hig.. angles ?o the tunnel alipnments andzhaé steep divs,
such ﬁarting éhould'nst cause &ry difficulty in fhe congtruction or l
maintenance of the unlined tunnel. About 2,400 feet north of the. lake
and on the crest of the seéond riége beiween T?ee Lake and bradfield -

Canal, the tunnel routes are underlain by medium-to coarse-grained

hornblendite which is composed mainly of hornblende and about 5 to 10

percent andesine., The hornblendite is cut by thick irregular pegmatite
veins and dikes. The hornblendite grades tovward the northeast into a

medium-grained granodiorite which may underlie 2 short segment of the-

exposed at the damsite.
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1 The “oints aleng tnc tunnel and pamstock reutes are generally
3

tight and wide spaced. An examination of the aerial photopravhs

Vi , s .

. indicates that the tunnel routes cross two weil defined lineaments. One
H

'of these follows an extension of the west—northwest-trénding draw 1,800

I
ifeet north of the outlet of Tyee Lake. The other lineament is a shallo4
|

[depression along the crest of the ridge zbout 2,800 Feet north of the
outlet (fig. 3). These features are pvarallel to the northwest-striking
;set of joints and are probably due to close-spaced jointing. No

| .
evidence of faulting was observca in the outcrop aleng tha tunnel routes

'However, the 1ineamepts do represent lirnes of wecakness, and the tunnel

may recuire a reinforced lining where it crosses them, particularly the

one in the draw, where rock’ cover is at a minimum.

The penstock route 'is normal to the slope of the ridge, which

|
|
| |

. . . . i
iaverages acout 80 percent. This orientation would present the least |
. i
' !

possible exposure to avalanches, rockslides, cr rockfalls. Such hazards

;cannot be completely eliminated, however, and the cost of construction

‘of an inelined tunnel or a buriecd conduit should be weighed against that

i . . )
of repair and maintenance of an above-ground penstock,
o

Powerhouse site

|
\ © A relatively flat area located immediately east of the mouth of
|
!

ITyee Creeck would make a suitable site for a powerhouse if it is first

stripped of the large blocks of bedrock which have accunulated at the
ibase of the steep slope above the site., The bedrock surface underlies
| .

fthe colluvium near wzrer level,

L o |
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bedrock at the damsite, and it would be a competent foundation for a

|

i *{‘ The bedrock is gquartz diorite that is similar in lithology to
|
|

3 jlarge structure., Most of the unconsolicated material overlying bedrock

* iat the base of the slope is covered by several years' growth of moss

b

- ¢ - » .
s- and no recent avalancae or slide scars are in evidence. rHovever,

6 Ebecause of the steep slope, the powerhouse should be designed and

7 situated to winimize the threat from this hazard,
]
8 . ) Reservoir site
L Tyee Lake lies in a rock basin surrounded and underlain by dense

10-}and impermezble igneous and metamerphic rocks (fig. 3), Leakage from

il the recervoir could occur only near the outlet by drainage through the
|
12 talus in the gorge of Tyee (ocek or through surficial deposits in the

13 [deep saddle which trends northwest from The outlet. The saddle is at

b
16 <!an altitude of 1,580-1,600 feet and is probably a former outlet of the

|

151 Yake., If the lake 1s to Le raised more than 100 fcet, the saddle

3 iy g . .

16 should be explored by geophyeical methods or by drilling to determine
i . . :

i/ ithe depth of surficial material, It is possible that a deep buried
|

o :stream channel underlies the talus.

19

7
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| masses large enough to

considered in the design of the danm.

toccur, The constructicn of & road around the iake would be impractical

Yo indicailions of @acent iarr. landslides, rockfalls, or snow

A\

avalanches are cvident around the ruservel. cite. A cliff that is

1,300 fect high rises almost vertically above the water surfﬁce at a
point apoutr 2 miles southeast of the outlet. Single rockfalls involving
cause dangercu: waves seem unlikely be;ause the
most persistent jolhts trend normal or 2t high engles to the face of
the cliff. However, raiszing the water level by 100-150 feet could
affect the stability of the talus deposit near the foo: of the CLiff

and cause rockfalls., The possibility of overtooping waves should be

-

Construction Materials

Signigicant quantities of sand and gravel are not availablé at the
outlet of Tyee Lake. The nearest source of supply of coarse to finpe
aggregate in sirnificant auantity is in the alluvial plain at the head

of the lake (fig. 3) wnere beds or lenses of clean sand and gravel may

because of the steep slopes, but it mey be possible to move the

materials cown the lake to the damsite by barge. Aggregate could be
manufactured from the bedrock or talus deposits near the outlet or it
could be hauled to the site from the alluvial plain at the head of

Bradfield Canal, The bedrock at the outlet would make excellent

crushed aggregate.
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|lake is about 1,100 acrés, £ snaller lake .approximatelv 3,500 feet'

Eagle ﬁake Poversiic
Topocgraphy and Drainage

Eaglé Lake l%es at the south end of & no%th—nort&west—trending
glacial valléy between 2ell Arr and Eehn Canal and Bradfield.C§nal kfig.
1),. The upper end of Fagle Lake 15 within 1-1/2 miles_cf isell Arm and
is separated from it by & low divide. However, the lake drains north
through Ligle Rivcr.t; radfielu canal, which iz about 9 miles from tﬁe
outlet of the léke. The water surface altitudg of Larrle Lake wag 296.5
feet on July 26, legk. Eaéle Lake is about % miles long and has an |
averaze wldth of about 2,300 feet (Fip. 2). The surface area of the
long and less than 1,000 feet qidc iz orn waZte River nearly 2-1/2 miles
Ibelow the outlet of bagls Lake.‘ This lake is ‘here referred to as Little
Eagle Lake. The water surface altitude of ‘Little Eagle Lake was 244.7
feet on July 26, 1964. Because of the relatively small difference in
altitude between thé two laekes, a vossible damsipe below the outlet of
‘Little Eagle Lake was also examined brieflv. The drainege basin above
the outlet of Earle Lake is 26~27 squarec wmiles. The height of the .
water ievel of the i.vervoir would be limited by the saddles which cutA
the divide between Eagle Lake and Bell Arm. The divide is a low bedrock
ridge with an altitude of 420 feet which is cut by as.many as four

saddles with altitudesz ranging between 360 and 300 feet.
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oo The maximum relief in the drainage area iz about 4,600 feet. vost
. L] .

2 {of the water flowing into Lagle Lake ané Lagle River is obtained from
33 e 5

3 the five large lateral wributaries which enter the main valley from the;

4 southvest and northeast;
5-— " The storaze cepacity anc drainage area for a reservoir inclucing . |

s all the drairage area aﬁove‘Little Eaglc Lake would be 60-70 percent

7 greater than one which takes in oﬂly the basin of Eagle Lake.

8 iPresumably, the runéff;would be increased proportionally, and the water

9 level ?equired for regulation would be about the same for both sites.

10—

\
|
|
|
o | | .
|
|
|

20—

21

23

- 25—
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.lknobs and several smaller ones which arc more or less elongated parallel

i%—

hes

Lapgle Lake damsife
| The damsite at FLagle Lake is ag thc narrow constrictioﬁ in the
}valley of Eagle River about 1,590 Teet below tne outlet of the lake
;(fig.lo). The right abutment is Dart of the main valley wall and rises

{ FIGURE 10~ NEAR HERE

from the water level with z uniform slope of about 30°, The left

iabutment is part of a broac¢ ridge wnicr cxtends for some distance from

|
ithe main valley wall, The ridge is gurmounted DY two large glaciated
| ;
;

ﬂ ) . . . - i
;to the main valley. The ridge 15 an extension of the spur formed at i

the intersection of the main glacier of * Fagle River valléy with the:

\

iglacier which occupled the large tributary valley west of the outlet.

|
|
is)

| The area was covered by the Coivdilleran ice sheet in late Pleistocene
| .

"time (Coulter and others, 1965). The ice apparently flowed southward
‘and the divide at the head of fagle Lake appears to have been overridden

|
{
by the ice at that time. The ¢ivide is similar to the bedrock lip

;whicb characterizes the outlet ends of many glacial villeys in

. southeastern Alaska. The subsequent reversdl in the direction of

draiinage could be atiributed to later modification by alpine glaciation,
_tilting of the land curface duc toc Tectonic disturbances, or
-differential adjustment of the land surface resulting from the removal

£ the ice load,

i
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. Geologic map ol the
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; Earle Lake damsite,
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A dam alignment with a crest altitude of 400 feat would bave a

2 crest length of about 2¢u feet., The watér surface altitude of Eagle

3 .River at this locality is 286

5

!
;of Eagle Lake,

o :
R Bedrock is expcsed along

a iknbﬁs above the left abutment.
i
ro

v

feet, about 10 feet lower than the surfacé

the west side of the river and in the

The areas between rock outcrops on the:

left abutment are covered with a s0il mantle contalning a growth of thir

.

3 ibrush and muskeg. The soil cover may be as much as L0 feet “thick. The

9  right abutment Is heavily wooced and the urderbrusii is very dense. The

10~ ionlv bedrock expogures on the
11 ‘pullies and small tridutaries’
12 'the depth of the pullies, the

13 than 10 feet thick.

i/

26

23

23

right abutmnent are in the bottoms of

flowinz into Eagle River., Judging from

soil coves c<ud colluvium is probably less
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contain kvanite and a large percentage of garnet., Bedrock exposed near

ll.(fig. 10) is medium-grained biotrite-~hornblende gneissic quartz

I between these vock tynes.are not likely to affect foundation properties,

“ra bedrock in vhe lzft zbutment is medium-grained garnetiferous
biotite gneiss. Samples Ffrom localities & and 10 (fig. 10) were taken

from the left abutment. These rocks are distinctive in that they

water level in the left bank of the river above and below the damsite
is similar megascopically to &he two samples described. There are few

exposures of bedrock in (ne right abutment. The sample from locality

diopite.v'Tbe foliation in this sample is less distinct and the
fissility less qell deéeloped than in the biotite gneiss of the left
abutment. Bed;ock exposed 1,500 feet downstream and on strike with
locality 11 is similar megaSCOpically. Because of the paucity of
exposures along the_right abutment, no attempt hés been made to
separate the bedrock into the map units as described. More detailed
mapping, subsurface sampliﬂg, and norc comprehénsive thin section
studies could provide a basis for doinz so.

Altnhough the blotite gneiss appiars to be slightly more suscéptible'

to weathering that the quartz diorite, the lithologic differences

). 5, GOVERNMENT PHINTING OFFICE : 19349 U - 4L11 /)
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|

»Howeveb, the possibility that Eaele River has eroded a chanrel along a

; Eégle River has ¢roded z channel along the foliation in the gneiss.
}Consequently, fissilitv in <he bedrock would pfbvide the shortest path
%of percolation of water passing under the dam or through the abutments,
EFollatlon planes a2t the surface are open enough to allow weathering to
i come depth in the roqk, but it is prcbable that weathering penetretes

|

Ionlv a few feet. below the surface. Bedrock 1is exposed along the banks

of the Eanle Rlvef at places above and beiow the damzite, The presence

]of a deep alluvium-filled channel beneath the strcam bed seems unlikely.

: _i
|marble interbed cannot b¢ ruled out. IF this is the case, a ceep i
1solution channel may underlie the strecam,

The major joint set strikes at an angle of about 50° with the

proposed axis of the dam. Tre second jeint set is subparallel to this

axis. The joints are fight and the loss of water by leakage along

joints would be minimal.
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) Avalanche scars of varving ireshness occur at several places along
2 |the valley of Eagle River. One avaianche, on the left side of the

3 walley about 4,500 feet below the damsite, occurred cince the aerial

4 |photographs were made (1348). The avalanches do not appeer fo_inVOlve
5. |large masses of fresh roci tut are probaply composed mOStlylof loose

6 [jeint blocks,lsqil, and vergetetion mixed with snow. The topography is
y [such That avalaaches would not be a'préblem on the left abutment, but

g rthe right abutment is relatively stecp and the slope is continqus with

9 the main valiey wall, The precsence of many deadfalls and jumbled Blocks

10- of gneiss on the vight abutment- irdicates considerable recent avaianching
i Fhe removal of the vegetation around the damsite 'and the raising of the
12 kater level could alter the stability of the slope and post a direct

13 threat to the dam, varticularly during the spring of years following a

|

14 heavy accumulation of show,

0

15— i The damsite is suited for a concrete gravity dam or an earthfill
i
16 jama

V7

18

CoR0-—

21

22

24

24

25 ~
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Little tagle Lake Damsite
The topography of the camsite at Little Eagle Lake is similar to

that.at the Eagle Lake damsite (fig. 1l1). The left abutment is a low,

FIGURE 11 - NEAR HERE

broad ridge extending out from the mein valley wall, and the right
abutment is part of the mainm valley wall, <“he damsite is at the

intersection of the main valley with a large tributary valley from the

west, The left abutmert is tcrogravhically similar to the left abutment

at the Eagle Lake damsite. The basin of Little Eagle Lake appears to bg

|

the result or the incfeased g%ﬁcial.erosion‘wbich often occurs at tie
intersection of 2 trunk glacier with a large tributary, |
Eagle Rivér flows out of Littie Eagle Lake at low grédient for
;bout 2,200 feet, then the gradient iqueases rapidly to a 10~foot
wateflall ab$qt 2,§oo.féet below the lake outlet. An alignment which
would require the smalles% cam is located about 100 feet.above the

falls, A& c¢am to the LOO-foot altitude would have a crest length of

L about 1,450 feet. The height of the dam would be 165 Y.t above the

water surfgce.

the falls. The flat or gently sloping ground of the left abutment is
covered by poorly drained muskeg which is interspersed with heavily

timbered and brushy aresz. Judcing from the scattered small exposures
of gneiss in areas of low relief, the soil cover must be quite thin

.Bedrock exposures are rare except along the riverbank at and below:

Lover much of the laft abotment.

it

IR :
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Yoy The right abutment was not exawnined., It is heavily wooded arnd

'

lprobably underlain by the same unsorted rubble cover that characterizes

4 ;the right abutment of the Zagle Laxe site. ’

! - .
< Bedrock exposed at the Little Eagle Lake damsite ic a fine-to ]

>~ medium-grained bicotite-hormblende injection greiss. The grneiss crops

4 }out coniintously alongz the riverbanks Lelow the damsite, At a point
Voo |
labout 1,500 feet dovnstream from the damsite, the gneiss is cut. by many '’

o quartz-feldgwar velns and dikes, most of which have been inject.a along!
: ]

preexlstlng joints and foliation. The foliation in the gneiss strikes

16~ paraliel to Eagle River and dips 55°-80° E. As at the Eagle Lake ]
| . i

It idamsite, the foliation provides the most direct route for water passing |
{

| _ .
12 munder the dam or through the abutments. The foliation planes appear as'

| - }
13 tight at those in the gneiss at the upper damsite, and it is doubtful

| . ;
14 {that much grouting would be required to prevent leaksge. The stream

““:flows over bed?ock in the damsitc area. The joints are less likely than
6 the foliation to cause leakage. i
|

17 The discussion regarding avalancacs at “the -Lagle Lake damsite woul&
18 aoply as well to the Little Eagle Lake site. No particular hazard exist§

1y on the left abutment, but conditions on the right abutment are such that
|

%—vavalanches can be expeoted under the proper condltlons. |

1 Topographically, the damsite would probaDly be best suited for an

S |
earthfill dam, although the foundation rock is quite capable of '
|

2 _supporting a concrete dam,
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. _ Saddle Damsites

2 The .divide at the head of Eagle Lake was not examined. However, a

3 |careful stucdy was made of this site on the aerial nhotosraphs. The !

s ridge which forms the divide is elongated parallcl to the strike of the

l (
>-ifoliation in the gneiss. This suggests that the ridge may be underlain .
s ;by a band of morz resistant rock than the normal gneiss. The marble

7 ‘outcrop described at the head of the lake is also on stirike with the
8 |ridge. The thickness of the marble is mot known, but it seems likely
9 ithat most of the ridge is underlain by morec resistant rock., Khen the

|
10- valley of Eagle River was occupied bv z glacier, melivater probabiy

I - Flowed through the saddles in the divide. If so, it is possible that

¥ %he saddles are underlain by aliuvium=-Tilled charnels to an unknown
2 hepth,.and leakage mighf occur even if the water level.is not raised 'I
14 ébove the level of the saddles.

zy-i Auxiliary dams or dikes would be required in each of the four

w6 saddles if the lake is raised zbove an altitude of 360 feet. The

. i i

i/ abutment- for these stucctures would propcbly be in competent gneiss, butl
1

v It might be necessary to ramove large amounts of unconsolidated material

19 from the cnhannel sections.

1
20<E If one or more marble layers is present, it would strike paraliel
I

(54

to the alignmment of the auxiliery dikes. The dip-of the beds or

2 Foliation is as steen here as elsewhere in the crea, so leakage through

oo . ‘s . R
23 solution cavities in the marblc would be unlikely.
S

|
'r

The strike of the major sev of joints is through the divide, and

.

+.the joints may have localized erosion in the saddles.,
; LY )
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! In order to Fully evaluate tnc powersite, further surface and
2 ,suﬁsurface inVestigationé in the divide arca are necessary., This could|
3 be aided councicerably by topograbhic maoring &t the same scale as the
4 damsite maps (1:2400). .
- . - Tunnel Route
6 The shortest tunnel moute from Eagle Lake to Bell Arm would extend
7 nearly due south vo.tidewater from a point on tihe lakKeshore about 600 tg
8 |700 feet west of tre mouth of the stream flowing into the head o% the
B lake. Secause alluvium is beirng deposited alonz the front of the delta
10~ |at the head of the lake, the .intake shculd probably be located furcner
8! to the west to prevent sediment froﬁoentering the tunnel, A~horiéontal
17 tunnel would have a length of 3,500-4,060 feet, depending on the

13 location of the intake in relation to the head of the lakez and the

;4 underwatef slope and depth of thc lake at this point. The route shown
is—on figure 2 has been chosen on the rasis of available informaticn, but

16 might be changed as data or the uncerwater topogrgphy and the rate of

)7 acerction of the delta is acauived. The penstoci could be an inclined

15 tunnel or a surface or buried cornduit, or a combination of these. The

) Ilength.of the pnenstock would be from 1,500-2,000 feetr, devending on ine
2p .| locetion of the powerhouse.

21 The bedrock outeropping in the vicinity of the tunnel route is

N

42 gneissic, garnetiferous quart: dlcrite, The rocks that wers examined

23 are uniform in color, mediun to coarse grained, and are megascopically

s 1similer, The gneissic texture in the Lidroeck is not well defined.

-
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1 ‘ The marble interbad exposed near thc head of the lake may intersect
3

2

11

21

25 =

i
|
|
! |
'the tunnel near the intake,; end the possible presence of other marble
linterbeds concealed by the soxl mantle ard vegétation cannot be |
|

|
overlooked,

The foliation in the gneiss strikes almost normal to the tunnel ;

L .

Flignment, and the atritudes range from steep to vertical. The foliation
I ) ‘ |
is not well developed, and partings are widely spaced in the bedrock.

The jointing is also widely spaced. The observed engineccring properties|

bf the bedrock are favorable for tunnel constiruction. The tunnel route
| )

poes carallel a drainage which follows the major joint trend, This

| X . :

drainage is one of a series of prominent linear features at the head of
the lake and may indicate a zone of close spaced or open joints. Yo

evidence of shearing or crushing was observed in the gneiss at the

| .
widely separated outcrops near this lineamernt. The tunnel could be

aligned to avoid intersection with the lirneament.

|

|

i The sloves at tne lakeshore at this locality are covered by

undeterminad thickness of colliuvium. The coiiuvium may not be too thick

Fo be stripped away prior to construction. If so, the stability of the
[ . ' .
nconsolidated material further up the slope might ‘be affected and some ,

' . : . i
measures would be required to prevent avalanches or te protect the intake

from them., .

|

c ‘*ﬁ
§
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feasible to ‘extend the penstock down the east side of ‘the valley in

.rocks, Serious lecakeze from the reserveir could occur only in the

e C v e - S - f——— - .

-overhouse Site . i
- |
I

| - The head of Rell irm is chiefly a tidal flat which is underlain by

1
|

deposits of fine sard or silt with intermixed organic material, Such !
. ’ . H

. . . s e . |
foundation material-would make an undesireble site for the heavy ]
i

‘structure necessary in a powernouse installation. The nearcst place

where a bedrock, foundation Is tresent would probably be near the 43-foot!

|
lbenchmark about 1,600 feet from Bell Arm (fig. 2). It might also be
) . \

]!
|

I . . . . !
order to bypass tne tidal fiat and to build the powerhouse on bedrock ‘

I ’ '
Enear sea level. A third scheme would be to drive pilings or construct

}piers to bedrock in the upper part of the tidal flat. This would depend
on tne denth to bedrock.

) - Reservoir Site ) i
i

i The reservoir site is underlain by dense and impermeable metamcrphic!

bedrock near the damsites or at the head of Zagle Lake.

The steep clopes arounc tihe reservoir site are apparentiy

susceptible to avalanches, but none of the avalanche scars observed

appear deep or wide enough to have involved volumes of material large

erough to create dangerous waves,
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s»—~larger size range..
L

! . . .
"ileft abutment ridge and coerser sand and gravel ceposits along the

1

i
.I
Sources of fine and coarse ag regace are readily available to both!

f

i : o s :
‘ Construction HMaterials
i

jdamsites and the tunnel route. The delta of thellarde tributary
,lmmedlutelv west of the Eagle Lake damsite is one source which should
lcontaln deposits composed of finc o coarse matccsials (fig. 2). Soptinﬁ
éand scratification ip these deposits is probably best near the lakgshoreL
?Another possible source for construction material is in the deposits i
3

Lurder1y1ng the-flood plain of Eagle River below the Eagle Lake damsite,
|

: The area around Little tagle Lake is urnderlain by alluvial deposits
: :

I C . . . . . .
jconsisting of siit or Tine sznd in the swampy area just south of the

i ) _
course of Eagle River and the major tributary from the west which flous

into Little Eagle Lake (Fig. 2).

The alluvial plain zbove the head of Eagle Lake is probably

underlain by fairly well sorted silt, sand, and grevel deposits.

Talus deposits composed of bDlocks large enough for riprap were not

observea around Eagle Lake, although some of the areas of colluvium thati
are covered with brush may contain blocks of greater diameter. may ‘
be necessary 1o ¢l arry some of ‘the more poorly roliated quartz diorite l
gneiss if a sourcc of riprap is reguired. The gneiss is well suited for
concrete aggregate. No minerals which would be chemicallylreactive with:
cement arc present in the rocks. The rock is resistant to weathéring, ;

énd the foliation is not well enough developed to result in a ;

%redominance of flat or elongated particles axcept in the cobble or

L
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1%

i
I
!
\

{
-Ifor a powerhouse foundation.
‘ !

Sunmary i

The two damsites are similae ir the physical properties of the

-

| cause seepage under the dam or through the abutments. Bedrock is not

i foundation rock and in the attitudes of planer ‘catires which could
|

: continuoucly exposed along c.n channel at the Ekgle Lake damsite, and
i .

‘angle drilling beneath the channsl will be necessary in order to

idetermine whetiier a burled ailuvium-filled channel or a solution cavity

i in marble is present.

The overall size of a dam at the Little Eagle Lake site would be

Fn

‘three to four times the size of onu atv the Bagle Lake site, However, if

lis possible that a large and readily accessible source of impervioﬁs
!
‘fill material immediately upstream from the damsite would make the

construction of an earthfill cem of this size feasible.

- The colluvium is probably thin on the abutments of beth damsites.

.

|

1

|

|
jTrenching or resistivitv surveys would determine the profile of the ’
1

i

I

bedrock surface. However, at least orne or two holes should be drilled

i

iinto bedrock for zicssure or pumping tests, . ' ' !
{ ) .
\ Seismic or resistivity surveys or drilling in the four saddles in
;
]

the divide at the bhead of the laxe will be necessary to determine the

jdepth of Till and its permeability. tore detailed topographic and

geologic mapping in this area is required. .

a

Subsurface axploration in the tidal flat at the head of Bell Arn

,should be accdmplishcd to determine a locality near tidewater at which

it would be practiczi o counstruct picrs or drive pilings to bedrock
|

L'y 5, UV IO s A DIGN'TING OFFCE 199 O - Nt

I . B
J \"’) . 0487 - Luu



Py

y ! Referencas Clzed

Billings, M. P., 1954, Structural geology: 2d ed., New York,

s

i

|
i Prentice-Hall, Inc., 5l4 p.

|

jBuddington, A. F., and Chapir, Theodore, 1928, Geology and mineral
‘ .
| deposits of southicastern Alaska: U, 5. Geol, Survey Bull. 800,
: 398 p.
|
J

Coulter, Ha W., Hopkins, 2. X,, Karlstrom, T.W.V,, Péwé, T. L.,

F

8 Wahrhaftig, Clyde, and “illiams, J. R., 1965, Map showing the
i .
|

L extent of glaciations in 2laska, corpiled by the Alaska Glacial
}

10~ Map Commitiec of the U.S.-Geologicali Survey: U.S. Geol Survey

3! " Hise. Geol., Inv, Hap I-415.

12 Federal Power Comnission and iJ. S, Forgsr Service, 1947, Water powers
; - .
03 { of southeastern Alaska: 168 o.

i« ieck, M, HA., 1958, Continenial United States and Alaska--exclusive of

]

w—] Celifornia and western Hdevada, >t. 1 of Earthcuake history of the
e United States, reviscd (through 1955) by R. A. Eppleyv: ed ed.,
}
7. U. 8. Coast and Geod. Survey Pus. o, 51=1, B0 p.

15 VacKevett, E.l, Jr.,'and Bléke, . Co Jr, 1963; Geolopy of the MNortn

ty . Bradfield River iron prospect, southeastern Alaska: U, S, Geol.
20— _ Survey Bull. 1108~D, 21 p.

23 éét. Amard, Pierre, 1657, Geological and geophysicél Synth?sis of the

| .
22 tectonics of portions or Fritish Columbia, the Yuken territory,

53 and Alaska: Geol. Soc., America Bull,, v. 68, no, 10, p. 13u3-
=1270.
P
b L
o GOVEINS LN T PRINTIAG OFFITE 1 ays~ O = S

« v ' 471




1 Twenhofel, W. S., 1952, Recent shorelire changes along the Pacific
2 Coast of Alaske: Am, Jour. Sci.,-v. 25u, no. 7, p. 523-5u48,
3 !Twenhofel, W. S., and Sainsbury, C. L., 1958, Fault patterns in
4 southedstern Alaska: fGeol. Soc. dmerica bull., v. 68, ﬁo. 11,
S — 0, 1y31-14u2, |
s IU S. Weather Burcau, 1965, Climatic sumhary of the United States,
7 (i supplement for 1951 throcuzh 1960, Alaska, Climatography of the
8 i bnited $tates nl. 85-43: Washington, U, 8. Covi. Printing Office,
9 3 63 p.
l”ahrhaftlg, Clyde, 1965, Physiographic divisions of Alaska. u. s,
1 ! Prof, Paper 482, 52 p. |
12 |
5 \
15~ |
16
17
13
19
20
21
=2

— U U — - -

B R Tmage b 2k e e E TEl T

rm e ——— - r———

- et Eanias ook TN

—_—————avars

RPN oo o A NT PN TING ORI LISy O - R0
& X A



A
\.u.v\:;vu._m '

e,

Jo
7

~ .
"

]
~
s il [PV

Jilawok, o~ 55



PERCENT OT POLFES

0-3 3-6 6-9 9-12 12-15 215
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