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Geologic reconnaissance of possible powersites at Spur 
Mountain, Tyee, and Eagle Lakes, Southeastern Alaska, 
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Possible 

3 Tyee, and Eagle Lakes, 

4 Southeastern Alaska 

5-

By James E. Callahan and Alexander A. Wanek 

7 

b Abstract 

9 Spur Y.ountain, Tyce, and La le Lakes fill glacially scoured bedrodk 

10- basins in the Coast Range of southeastern Alaska. The bedrock consists 

11 of granitic intrusive rocks and high rank metamorphic rocks associated 

: 2 with or resulting from emplacement of the Coast Range batholith. 

:3 Spur Mountain damsite is uncerlain by granodiorite and diorite. 

:4 The foundation properties of the bedrock arc excellent, but the 

'narrowness of the ridge that forms the right abutment and two prominent 

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

disadvantages. Two possible tunnel routes extend froTT1 the upper and 

lb lower ends of the lake to the Hulakon River and Unuk River valleys, 

respectively. They are approximately the same length and both are 

20•- underlain 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 and surrounded by 

23 impermeable granodiorite, diorite, or related rocks. 

24 
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'n cuLrtz 

2 diorite. " uheeterined wiLh 

3 coarse talus which is probably too permeable to r,rout. If the talus 

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

5- develop the site by drawing the ld:a-2 The Lunnel and penstock 

6 route is underl,:dn by c=2:nodiorie, composite (,neiss, hornblendite, and 

7 quartz diorite which are impermeable except possibly dlong two zones of 

3 close-spaced or open joints. .he powerhouse site on i3radfield Canal is 

9 underlain by cuartz diorite similar to the bedrock at damsite. 

The Eagle Lake nowersite includes two possible damsites. The Eagle 

damsize at the outlet of Ea 7,ake is underlain by composite 

12 .gneiss consisting of foliated biotite. gneiss interlayered with banded 

13 !quartz diorite, which is largely concealed with thin deposits of soil 

14 ;and colluvium. The foliation strikes normal to the alignment of the 

15- dam, and minor leakage along foliation planes might be expected. The 

16 possibility of a deep buried chanel or solution cavities in marble 

17 lunderlying the stream bed should be considered. The other damsite is 

18 'located at the outlet of Little Eagle Lake about 21/2 miles below the 

19 Eagle Lake damsite. 'The .drainage area and storage .capacity above the 

20- ittle Eagle Lake site would be about 70 percent greater than for the 

21 Fag le Lake damsite, but the dam would have to be three to four times 

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

23 dam may be economically feasible due to large volumes of impervious fill 

24 material available for construction of an earthfill dam near Little 

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

U. S. GOVERNMENT PRINTING OFFICE: 1959 0 - 511171 
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in a 10,. The depth and 

permeahilitv of fill in the ::;(1( are lown factors which should be 

investigated. The tunnel route :ends fr(.. chc headward part of Earle ; 

River to the head of Sell Arm an. , under]. n by poorly foliated 

b-- cuartz diorite. 

:6 

:7 

Yb 
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1 

2 

Introduction 

This report describes v,eolop;ic conditions at three possible 

3 Dowersites, Tyee, Eagle, and Spur ::ountain Lakes, on the mainland of 

4 southeastern Alaska. The examinations were made to aid evaluation and 

5- classification of public lands for water-power resources. 
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2 Locotio 

3 The three powersites lie within an area bounded on the north by 

4 Bradfield Canal and East Brad[ic:d River, on the south by Burroughs Bay 

5 - and Unuk River, and on the west by the western crestline of the drainage 

6 area of Eagle Lake and Eagle River (fig. 1). The area lies 50-60 miles 

7 

8 FIGURE 1 - NEAR HERE 

north-northeast of Ketchikan and 40-50 miles 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 Series Map area. 

Spur Mountain Lake is on the Bradfield Canal (A-4) quadrangle map 
13 

(1:63,360). Eagle and Tyee Lakes are on the adjoining Bradfield Canal 
14 

(A-5) quadrangle map. 
15-

The lakes are accessible by float-equipped aircraft and are within 
16 

a few miles of tidewater. :gone of the lakes are accessible by trails, 
17 

nd cross-country travel is extremely slow and difficult because of 
18 

ense brush. 
19 

20 -

21 
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3 

4 

5 -

6 

7 

8 Figure 1 

9 Index map showing location 

10 - of Spur Mountain, Tyee, and 

11 Eagle Lakes. 
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2 The lakes in -c 1e =tinges physiograohic division of 

3 southeastern Alaska as defined by Wahrhaftig (1965). The maximum relief 

4 is from 4,000 to 5,003 feet near Spur Mountain and Tyee Lakes, and from 

5- 3,000 to 4,000 feet near Eagle Lake. 

6 The land forms resulted from Pleistocene and subsequent alpine 

7 glaciation. Many of the mountaintops are rounded and smooth. The 

8 valleys are U-shaped and s'.:cc:)ws:Iled. Many o: the valleys contain rock 

9 basin lakes such as Tyee and Spur Mountain Lakes. Most of the 

10 -facing cirques contain small glaciers that are stagnant or 

.11 Leceding. 

12 The trend of linear topographic features is northwest, and parallel? 

13 gneissic banding in the bedrock. The foliation is better developed in 

14 the vicinity of Eagle Lake and between Eagle River and Tyee Lake, 

15—resulting in a more pronounced alignment of topography than in the Spur 

16 ,Mountain area. Near Spur Mountain, joints seem to control the character 

17 of the topography. 
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1 vc,-7-ZatLon 

2 The climc.,-cc cool J1::,:.ers „Inc' mild winters. The 

3 daily and seasonal variations in tomperature fall within a relatively 

4 narrow range. he U. S. Weathr,r 3u1-eau Station at Wrangell is the 

5- closest source of weather data for the report area. Average monthly 

6 temperatures and precipitation amounts for the period 1951-60 at 

7 Wrangell (U. S. Weather Bureau, 1 965, D. 16, 49) are listed below: 

8 Month Temperature(°F) Precipitation(Inches 

9 January 27.5 5.40 

10- February 32.0 6.59' 

11 March 35.2 5.91 

12 April 42.1 4.72 

13 May 49.3 3.99 

14 ", •-•June 3.52 

15- July 57.9 4.83 

16 August 56.7 6.39 

17 September 51.7 7.56 

18 October 44. 13.05 

19 November 37.7 '9.45 

20-J December 33.1 9.13 

21 The mean annual temperature is 43.5° and the mean annual precipitation 

22 is 80.54 inches. 

23 

24 

25--
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Thc monthv tPmneratures 'or 1.r,d, rear 

2 j(etchikan, and at Annette .7=7-1.1. by 2° to 

3 5° for the same period because of -:he 7.1.ovin7 influence o5 the Facific 

: Ocean. The amount of precipitation is influc:Ice(:, in nart by to-.)07,raPhy. 

5_ Climate in the renort area probably C.iffers from that near the weather 

stations because the report area is further in1;21-.(1 aiu. hic7.her. 

The area is densely forested to an elevation of 3,000 feet except 

where slopes are steep or the ?round is wet. The forests arc 

'.predominantly spruce and hemlock and hF,vn a dense undergrowth of various 

10_'tynes of berry bushes and other shrubs. The slopes above timberline are 

enerallv covered with tan7led alder brush or moss. Talus slopes and 

12 old slide scars are covered with dense low alder and dcvilsclub. 

13 
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Fle'dwork 

2 The nessible powersites ,.J:rin7 two sessions of 

3 fieldwork in the summer of 10E-4. investation of Eagle Lake was 

4 made from June 22 to June 27 by th(2 writers. The investigations at Spur 

5- Nountain and Tyee Lakes were 17,:.ae betwocan Sentemh,er 2 and Septe-nher 10 

6 by J. E. Callahr. Logistic support,n who was assisted by George Kraemer. 

7 was furnished by J. E. Dy;wyler, hydraulic enineer, U. S. Geological 

8 Survey, who had established camps it: the area for topographic surveys of 

9 the powersites. 

10- Aerial photographic coverage of the powersites includes the 

11 following U. S. Air Force poto7,.oaphs: 

12 Spur Nountain: SEA 102-113, -11, -115, -116, -117, August 8,194a 

13 SEA 90-006, -007, July 18, 1948. 

14 SEA 107-008,-009, -010, -011, -012,August 8, 194 

15- Eagle Lake: SEA 113-047 to SEA 113-054,inclusive, August 13,1948 
i 

16 SEA 113-142 to SEA 113-147,inclusive, August 13,1948 
1 

17 Tyee Lake: SEA 110-099 to SEA 110-103,inclusive, August 8, 1948. 

18 SEA 113-053 ana -05,t, August 13, 1948. 

19 he scale of the photographs is about 1:40,000 at sea level.. 

N-

21 
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o,;1=.1 ions 

rud2 la ge area mapped by Buddington 

3 and Chapin (192J) their '.-:ork on southeastern ,ilaska. 

4 3ecause their Field invo:;ti7at'ons ware r3stri:.cd mainly to accessible 

5 - coastal areas and major 1-Ivor val cyse clo7v neJ,, ,nd 

6 1:lountain Lakes 77,s not snown on the ir'=7.. Tyee lake is partially
I 
I. 

7 included in their map area. III 7(..ral, th.,;ir ce:.;c1-,iptions c: the 

3 ,intrusive and meta=r7;s:dc rJokL;, —1.. -,:icu2a:ly of tncse along Bl,adfield 

9 I Canal (Buddinron and Ch.--:Din, , 7. J--:;L,, are ap,)licable, with 

10- some modifications, to the study are,-..
i 

11 

12 

13 

14 

15-

16 

17 

18 

19 

20-

21 

22 

23 

24 

25--
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3' !Alaska is the Ccast Rante hatholith. ?he ale,ea from 3urro'oghs Bay and 

4 ,Unuk River north to Bradfieci rnal isun:.1c.:., a!7, by intrusive rocks 

'pelor-,4ru to the batholith and by metamorphic rocks consL:tina 

6 'predominantly of gneiss with .i.nterlayered thin bccls of marble or 

2 The cicn:5.ni:.ns.: malrIand of southeastern 

,, 
!

;crystalline limestone. The metamorphic rocks contain a large volume of, 
1 

8 Antirhately associated intrusive rocks which are thous ht to be genetically
! 

9 related to the main batholitl'. he metamorphic rocks are part of a unit 

10_ defined as the Wrangell-Revillagigedo belt of metamorphic rocks by 

11 Buddington and Chapin (1929, p. 49). Only the eastern part of the belt 

1 2 is represented in the study area. very broad transition zone exists 

: from the metamorphic to intrusive rocks. As the batholith is approached 

from the southwest, the proportion of concordant intrusive bodies 

interlayered with the gneissic rocks increases. The western part of th 

batholith is characterized by the presence of large and small bands of 

gneiss in various stages of assimilation. The intrusive rock of the 

batholith is itself handed, and it is difficult or impossible to 

determine in the field whether some of the rocks are flow-banded 

; ,intrusive rocks or partly assimilated metamorphic rocks. 

7 

'1 

24 
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1 -she main body of the batholith.I 

2 T7ee Lac is w ..•. 1., bnda:-y of the batholith as 

3 defined by Buddington and Chapin ;1929, D. 56), but much of the Tyee 

4 Lake area is underlain by rneis rocks N'lich are probably parafjleisses. 

5- Eagle Lake and Eagle River are within tile belt of metamorphic rocks, 

6 ,although the :ell Arm area south oa= the head of Eagle Lake is shown as 

7 icuartz diorite continuous with the main batholith by Buddinton and 

8 !Chapin (1929, elate 1). :he T. ,11; usc. in tilis reoft are defined 

9 !mainly on the basis of prccic:-.1-.., ?:-L r::.1 characteristics and to a 

10-,lesser extent on the occur'r e.ici o minc_T.als ordinarily associated with 

11 netamorhpic rocks (ie, garnet, kyanite). Of the units defined only the 

12 (1_quartz diorite at Tyee Lake can positively;- be assigned an igneous origin, 

13 land only the marble interheds near c7le Lake are known to be of 

14 'sedimentary origin. It can he assumed that much of the gneiss as 

15-- associated with the marble beds was also derived from sedimentary rocks. 

16 Six bedrock units are shown on the geoloric maps. 

17 Buddington and Chapin present evidence for a late Jurassic or early 

18 iCretaceous age for the rocks of the batholith. Recent isotopic dating 

1q (summarized by NacKevett and Blake, 1963) indicates a Cretaceous age. 

20- The age of the metamorphic rocks is much more difficult to determine. 

21 Buddington and Chapin (1929, p. 74) conclude that they are predominantly 

22 f Carboniferous and Triassic age, but that they could include rocks 

23 which range from Ordovician to Cretaceous in age. 

24 

25 
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- ic 

2 

3 i Within this unit are included rocks which crop out along Eagle Lake 

4 land E.&J-,le River and around '21,-ce Lcike (fd7s. 2 and 3). The rocks are 

6 !FIGURE 2 - NEAR HERE 

7 

8 TIGURE 3 - NFAR HERE 

9 

10-characterized by well developed gneissic banding and by fine to medium 

11 i'grain. Parting parallel to the banding occurs locally, and results from 

12 the alignment of platy or prismatic minerals. The gneiss contains a 

13 large proportion of interbanded medium-to coarse-grained cuartz dioritic 

to granitic rock with poorly developed segregation banding. The gneiss 

15—near Eagle Lake contains thin marble beds and amphibolite bands which 

may represent highly metamorphosed impure calcareous sediments. The 

17 presence of garnet, kyanite and flakes of graphite in the gneiss at 

18 ..Eagle Lake also suggest a Sedimentary origin for the rocks. T2farble beds 

or metamorphic minerals were not observed in association with the gneiss 

Tyee Lake. However, Budding-ton and Chapin (1929, p. 56) report the 

21 occurrence of marble beds associated with the gneiss near the head of 

22 !Bradfield Canal. 

23 The quartz diorite and related igneous rocks which are .included in 

24 ,the gneiss unit are locally garnetiferous, indicarinE,local complete 

25-lassimilation of t he pre-existing country rock. 
1 ,,01fiCatirecii U. S. GOVERNMENT PRINTING OFFICr.: 19,9 U - +III /I+, /017.10o) 
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Ge.olor,ic map of the 

17,a2;le Lake reservoir 

site 
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was possible curing this 

2 investigation some the i.;;ncous rocks could be mapped separately 

3 from the gneiss of sedimentary origin at Eale Lake. Around Tyee Lake, 

4 I the mixed gneiss is in grada-cional conzact with banded granodiorite, and 

5-land the mapped contacts arc arbi-zrary. Eire, too, more detailed work 

6 ' would undoubtedly indicate a more complex distribution of rocks than is 

7 :shown on the geolo-ie nap (fi-. 3). 

8 Sample 6 and samples 9 through 16 in Table '1 are from the composit 

9 

10-:TABLE 1 - NEAR -:'ERE 

11 

12 ;gneiss unit. Samples 6, 9, and 10 are biotite gneiss of probable 

13 !sedimentary origin. Samples 11, 14, 13, and 16 are representative of 

14 ;the interbanded rocks of probable igneous origin included in the 

15- composite gneiss unit. Sample 12 is an amphibolite. The mineral 

16 composition of Sample 13 was not tabulated because it includes the 

t/ 'contact between two bands of widely divergent mineralogy. Sample 13 

1 'contains scattered grains of calcite, and the chemical composition of 

,both Samples 12 and 13 indicate that the rocks probably resulted from 

a)-Ithe high grade metamorphism (amphibolite faeies) of impure calcareous 

21 sediments. 

22 

2 3 

24 

25 -
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2 .Grancdiorizo f207:1 tlhc! c_Illmont of ST-iur ountain damsite. 

3 Granular texture. • Plagiociac, ho.::,n:.)londe and biotite are 

4 subhedral to anhearal. Qua=z anc. ricrocline are anheural. 

5- 1 Average grain size _s 3/4 no. :licrocline -rains are as much as 

6 2 mm in diameter. Plagioclase is andesine (An35). Some hornblendl 

7 qrains enclose augite. 

8 ▪ Yeladiorite from band of diol-itic rock on lakeshore 1150' east of 

9 outlet of Spur '.ountain Lake. Ecuic:rapular, with finely gneissic 

10- , texture. Avera7e irain size is 1/4 mm. Biotite laths are as long 

11 as 3/4 mm. All minerals are fresh, unaltered, and show no 

1? indication of strain Cr deformation. Plagioclase is andesine 

13 (An40_45). Apatite is the only common accessory mineral. 

14 . Granite (adamellite) from an outcrop about 2,000 feet from the 

15- southeast end of Spur ountain Lake, approximately on the tunnel 

16 route to Unuk River. Granitic texture. !!icrocline and Quartz 

1/ grains are as much as 2-1/2 mm in diameter. Plagioclase is 

18 fractured and extensively altered to kaolin and sericite. Biotite 

Iv is altered in part to chlorite and locally to'epidote. Plagioclase 

20 - is andesine (An30_35). Zircon is a common accessory mineral. 

21 . Quartz diorite (tonalite) from the crest of. Spur Mountain on the 

22 tunnel route to Hulakon River. Granitic texture. Average grain 

21 size is about 1/2 mm. Plagioclase and quartz grains are as much 

as 1.5 mm in diameter. The plagioclase is fractured and partly 

altered to sericite or kaolin. Much of the biotite is altered to 1 

• s. GOV El(NIV liNT OFFICE 19Y) u - tii I I /I
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,-,e'ase is andesine (An35). 

. Quartz diorite abu=ent of Tyee Lake damsite, 150 feet 

norhtwest of outlet. Variable grain size. Eornblende crystals 

are as much as 8 mm lona.. Quartz and plagioclase have 'maximum 

5— diameters of 3mm and 5 mm respectively. Light colored minerals 

are largely unaltered. hornblende is slightly altered to chlorite 

and biotite is partly altered to chlorite and cpidote. 

Plagioclase is andesine (An47). 

6. Biotite gneiss (biotite cuartz-granite) from point of land on south 

10- shore of Tyee Lake about 1 mile southeast of outlet. From mixed 

11 gneiss unit. Quartz and feldspar grains are anhedral, and biotite 

grains are subhedral. Grain size varies across banding. 

nicrocline grains have a diameter of as much as 1 mm. Plagioclase 

(oligoclase, An23) occurs in scattered small grains and is highly 

15- ' altered to sericite. Biotite is partly altered to epidote. 

nicrocline 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, An32) grains have a maximum diameter of about 2 mm. 

20 Quartz and feldspar grains have irregular, embayed borders. 

Plagioclase and microcline are slightly altered. Biotite is partly 

altered to chlorite and is locally bleached. Larger grains are 

surrounded by complex intergrowths of finer material, which 

suggests shearing or crushing in a partly solidified magma during 

25•— emplacement. 
. ; 
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1 2430 feet north-northcast of the 

outlet o Ty 1--oc. is vLry incquigranular. Grain size 

ranges from submicroscopic to as much as 3 mm. The minerals are 

highly fractured, and plagioclase (c)Ligociase, An20) altered to 

5- 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 have undergone 

some postmagmatic crushing and recrystallization of'the quartz 

and feldspar. 

10- 9. Garnetiferous biotite gneiss from left abutment of the Eagle Lake 

damsite, about 1000 feet north of the lake outlet. Average grain 

12 size is about 1.5 mm. Anhedral.garnet crystals have diameters of 

13 as much as 2 mm. Plagioclase is andesine (An30). Biotite laths 

are bent and shredded, and, in some cases appear to bend around 

15-i ovoid masses of quartz, feldspar and garnet. Graphite flakes are 

16 common. 

7 10. Garnetiferous biotite gneiss from left abutment of the Eagle Lake 

damsite 1500 feet north of lake outlet. Texture and interrelation 

of minerals generally similar to gneiss at locality 9, above. 

20- Magnetite and apatite are common accessory minerals. Plagioclase 

is andesine (An35 -40)* 

Garnetiferous gneissic quartz diorite from right abutment of Eagle 

Lake damsite about 1200 feet north of the lake outlet. Average 

grain size about 1/2 mm. Some plagioclase (andesine, An35 -40) 

25- grains have a diameter of 5 mm. Large plagioclase and quartz 
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masses are enclose b'r finely granular aggregates which are strung 

2 out parallel to gneissic banding. Undulatory extinction in quartz 

3 and bent twin lamellae plagioclase are common throughout the 

4 thin section. 

5_J12. Amphibolite from left abutment of the Little Eagle Lake damsite 

6 1 about half a mile north of,the outlet of Little Eagle Lake. 

7 Hornblende occurs in large irregular optically discontinuous masses 

8 or clots. Hornblende and plagioclase (bytownite, Ann) occur in 

9 association, Quartz occurs separately near edge of thin section. 

10 - Bulk analysis and norms include a larger percentage of quartz than 

I I is present in thin section. Accessory minerals include zircon and 

12 a widely disseminated sulfide, probably pyrite. 

13 13. Rock from left bank of Eagle aiver about 3,500 feet below the outlet 

14 of Little Eagle Lake. nineral composition not tabulated. Thin 

15— section includes nart of a biotite-hronblende gneiss band in 

16 contact with a rock principally composed of plagioclase, 

1/ clinozoisite, diopside and abundant relatively large euhedral 

18 zircon crystals. 

pi 14-15-16. Gneissic quartz diorite from southwest shore of Eagle Lake 

20.- , 5,500, 13,000, and 16,000 feet respectively from outlet of lake. 

From mixed gneiss. unit. The rocks are roughly banded, with 

22 indications of deformation including granulated quartz and feldspar, 

23 undulatory extinction in quartz, bent feldspar twin laminae and 

24 bend and shredded biotite laths. Plagioclase is andesine (An40). 

25 -- Maximum grain size is about 3.5 mm in hronblende. Accessory 
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1 minerals are aatit-o, corun(iu7. anC ruile. The three samples are 

2 nearly identical in :egLscopic appearance and texture. 

3 

4 

5-

6 
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10-
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12 

13 

14 

15-

1/ 

18 
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2 interl3e(:s in thc2 :,no5.s3 were observed near Eagle Lake at 

3 two localities, one on the east side of :agle River about 1/2 mile 

4 ;below the outlet of the lake, and the other on the south side of Eagle 

5- iLake near the upper end (fig. 2). .The marble interbed near the lake 

6 outlet crops out in the channel of a small tributary stream at an 

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

8 1 20 feet. The marble is dense, white, and medium grained, and contains 

9 evenly distributed graphite flakes that are oriented parallel to the 

10— folfoliation in the adjacent gneiss. The marble exposed near the upper 

end of the lake is at least 12 feet thick, is coarsely crystalline and 

massive, and contains scattered small rounded grains of a pale-green 

13 mineral, probably diopside. 

14 

15--

16 

17 

18 

20 --

21 

22 

23 

24 

25 -
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1 

2 Snur 2ountain Lake and ':yee Lake lie within the Coast Range 

3 lbatholith. The predominant rock type at both localities is medium 

4 grained, inhomogeneous, crudely handed granodiorite (fig. 3 & 4). The 

5-

6 FIGURE 4 - NEAR HERE 

7 

8 granodiorite grades locally to granite (adamellite) and quartz diorite. 

9 Diorite bands large enough to man occur at Spur mountain Lake, and 

10 - hornblendite masses or bands were observed at both localities. Coarse, 

11 massive cuartz diorite underlies the outlet area of Tyee Lake, 

12 apparently as a discordant body crosscutting the gneissic banding in 

13 the granodiorite and composite gneiss which surrounds the lake. 

14 The relative ages of the different igneous rocks is pot known. Th 

15- hornblendite bodies at Spur Hountain Lake are brecciated and appear to 

16 be intruded by granodiorite. At an exposed contact between diorite and 

17 granodiorite at Spur Mountain Lake, the granodiorite appears to be 

18 intruded along pre-existing planes of foliation and joints in the 

19 diorite. 

20-

21 

22 

23 

24 

25-

4.. 
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1 

2 

3 

4 

5-

6 

7 Figure 4 

8 Geologic map of the Spur 

9 :fountain Lake reservoir 

10- site 

11 

12 

13 

14 . 

15- ' 

16 

17 

18 

19 

20-

21 

22 

23 

24 
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2 F-:ockFtheth -,::.... arc to coarse Frrained, light 

3 "ray in color and are .;inerall.! :-)cd. The -rock is inhomoTr,cneous. The 

4 thickness and compocition of are varLlble. In addition to 

5- the large mar,oable bands desonibc above, small inclusions 

6 lor sec;re:Tations,of dio2Iic or mare basic 'rook Occur' throuhout the 

7 !Trarodiorite. (7) -' tee unit as mapped 

8 _s 'probably granodiorite, Le roc:: is locally cuartz dioritic 

;or granitic (Table 1). L; classified as an igneous 

10-rock in this report, although it 7:15.ht 7):-,operiy be considered as a 

11 metamorphosed intrusive rock (orthoT:neiss). Some of the rocks examined 

12 ;show microscopic evidence of post-matic deformation. 

ilornblencie 

14 Rock composed predominantly of hornblende crystals wit. 

15-;interstitial nlagioclase and some associated biotite occurs at Spur 

6 iYountain Lake and Tvee Lake. At Tyee Lake, the hornblendite crops out 

17 !for about 1/2 mile along the crest of the ridge about half a mile 

18 inol-theast of the lake outlet (fig, "3). It ap-2ears to be in gradational 

19 contact with granodiorite which crops out to the northeast. 

20-1Hornblendite occurs as a band or elongate mass about 50 feet wide in 

21 :the granodiorite on the crest of Sour Mountain. Similar rocks crop out 

22 on the southeast shore of Spur :ountain Lake about 4,00C feet northwest 

23 of the outlet. .The hornblendite boeic:; near Sour Mountain are severely 

24 fragmented and intruded by hevy irrc7clar veins of granitic or 

25- granodioricic rock. are not large enough to he sown on the geolo-
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2 p;i0:0.tO of 61-,ur :.:untain Lake from 600 

3 t 0 1,200 feet east of the au:!:.: .(:=17.. 4). ?.c.te 

4 occurs in a band about 060 1 1C° c.o.1' Y. 

5- Diorite annarent:'.v C2ODS out on the 

6 rortheact shora of the Diori-Le is 

7 alsc expose0 on the sou:-. 711.7. a about 4,000 feet 

northwest of the outlet, W=C i is in :.r'adational co ac with the 

9 1-ornblendite described above. ?he diorite is L:encrally finer 7,raincd 

and more distinctly banded than the 

11 Quartz Diorite 

12 The outlet of Tye:: Lake and -ch.7;.Lill wp:st of the outlet are 

13 underlain by coarse-grained cuar Diorite inferred to be part of a 

14 'discordant body which cuts the gneissic rccks exposc:d around the lake 

15-!(fig. 3). Quartz diorite wich vex-v iiiiar characteristics crops out 

16 on Bradfield Canal east of the mouth of Tyee Creel:. The quartz diorite 

17 is massive and contains scattered schlieren of fine-grained gneissic 

18 ' Irock. 

19 

20-

21 

22 

23 

24 

25.-
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2 matrial within the study 

3 area as a whole ,:rehe com. ccpc,,ils at the ileads of 

4 iJurrouhs Bay and Bradf::_eld Canal. :icwever the deosits more directly 

5 - related to the present investlat 2._aciofluvia1 and alluvial 

6 i deposits at the heads of Tvc-_,e ur : - tai- Lakes, flood plain
1 

7 'deposits along Eagle Rivsr, talus, eciluviun and sr.i: co7'er. 

8 The alluv-ial piaL:s az the :-.ads of Tvec F.nci nu :;untain Lakes 

9 :are underlain by moderatey well sorted ana stratified grcvol, sand and 

10-1silt. The deposit3 1.)-ohably include bed o: lacustrine 

11 !Possibly some buried m,orainal [,:aller alluvial plains occul.
1 

12 at the head of Eagle Lake and above the pond below the outlet of 

13 iSpur 1.:ountain Lake.
1 
1 

14 1 In addition to the broadc_eataie arocs at the heads of the lakes, 

15- smaller del-:as have been into Sour :ountain and Eagle Lakes by 

1 
16 itributary streams. These small deltas are made up predominantly of 

17 subangular to subrcund gravel with some sand, and the deposits are 

18 probably more poorly sorted and stratified than the deposits at the 

19 heads of the lakes,' 

20- The flood plain of Eagle River between Eagle Lake and Little Eagle 

21 Lake is underlain by sorted and stratified sand and gravel. The basin 

22 E Little a.gle Lake contains a large volume of alluv5um which nrobably 

23 includes hoc's of lenr3cs of fine sz-nd, an(1 peat or h;g:hly organic 

silt as well as coarser sand and 

25 - " 
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of bcdrock occur 

2 Tvee ancl S-Dur 

3 untain Lakes. The cf fi:fle with ...E=.0 blocs o, 

4 ,cuartz diorite, is the (::cep C.fLw trcInc,s northwest from th 

5— outlot area, No de7)osits o var'y large talus 'socks were ncted at Ea7,1e 

6 Lake 

7 Colluvium com,,:osed of an:y:,.lar, un::;orted rul;Lle has ,:ollected at the- , 

8 base of steep slopes alon,; L:ake -ad ale iiNr':;r as a result of 

9 rockfalls, snow avalanches an,2: rapidlv runnin;-, water during periods Of 

10- high runoff. 

11 

12 

13 

14 

15— 

16 

11 i 

18 

19 

20-

21 

22 

23 

24 

25— 
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2 The st-2- 1 or the trend of 

3 Stk.:dV 

4 la-20a. w:-:st-nor-.1:m.!st. Dips 

5-1are consiset17 cot nor- LLke, tha 

6 lave -Lc) 

7 north and east., buL. C V e Lake, dips 

8 i are generally .L,te,:p 70° S. Cnanges of 

,•-• • 

- 70° 

9 dip are abrupt at La, lc tignt chevron 

11 Joints are stly diDDin7 v:::rteal. Figures 5, 6, and 7 are 

12 

ICURE 6 - NEAR HERE 

16 

FIGUE 7 - NEAR HERE 

18 

19 coneur (iia7rams of nole:iplol-ted to joints measured at Spur iountain, 

20 T .le Lakes, res:..ctively. 71-1 joint systems at Spur Nountain
I 

21 :any.. Eagle Lakes are suite similar, with two major sets striking N. 65° 1, 

22 -- N. 10° W., resnectively, with verziezi c, vertical d -

_ and Eap -

r ',ps. The 

2.i :northeasterly striking set is a'sr, -esen: at T:ee Lake. 

24 

2 5 ---
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2 

4 

5-

6 

7 

8 Contour diagram o' Doles 

9 • of 127 '; oints in the Tyee 

10- Lake powersite area 

11 

12 

13 

14 

15-

•16 

11 

20--
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1 

2 

3 

4 

5-

6 

7 Figure 7 

8 Contour diagram of poles of 

9 .96 joints in the Eagle Lake 

W— powersite area 

li 
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15--
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As a rule, joints are laterally persistent, but widely spaced. i\o 

2 slickensides or other evidence of movement on joint faces were observed 

3 Evidence of faulting in the outcrop is lacking. This lack of 

4 observed evidence can be attributed to the lack of persistent, 

5- distinctive marker horizons or layers and to the heavy brush cover in 

6 the area. nicroscopic indications of strain and movement, such as 

7 undulatory extinction and granulated minerals were observed in thin 

8 section, but this could be a protociastic texture. 

9 Linear topographic features observed on aerial photographs are 

w- common throughout the study area. Near Spur ':lountain and Tyee Lakes, 

11 the most obvious and persistent lineaments parallel the major joint 

12 directions. At Eagle Lake, the most obvious and longest lineaments are 

2 parallel to the foliation. Some of the lineaments at Eagle Lake are 

14 wide and show considerable relief, and may represent solution channels 

15- developed along marble bees. It is 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 apparent offset. 

18 In addition to the lineaments described, which are local 

significance only, segments of several lineaments of regional 

N- significance traverse the study area. Bell Arm, Burroughs Bay, and the 

21 valley of Unuk River are parts of a system of east-northeast-trending 

22 lineaments which are interpreted as faults by Twenhofel and Sainsbury 

(1958, p. 1442). A lineament of similar magnitude extends parallel to 

24 Unuk River from the Hulakon River northeasterly across Spur nountain 

25- for about 15 miles, and includes the upper valley of Spur nountain Lake. 

23 

C- ^, 
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The valley of Eagle River and Eagle bake is a segment of the 

2 Coast Range lineament, a 1. ,raor 

3 Sainsbury (1956, plate 2). 
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10-
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Earthcuakes 

2 The nearest recorded earth:7u&ke epicenters 75-100 miles west of 

3 ithe study area. ''arthquakes were felt on a sin7le occasion each at 

4 Ketchikan, and -,:rangell (Heck, 1950), but no damage was reported. 

5-'earthquake epicenters in southeastern Al--',.- and coastal -critish 

6Columbia appear to rough' parallel major linear to trends, the 

7 largest of which include Cha-zham Strait-Lynn Canal and the west coasts 

8 of Baranof, Chichaof, and the Queer. Charlotte Islands (St. Amend, 1957), 

9 These lineaments are .considered to be traces of active .aalt zones, 

KI-1(Twenhofel and Sainsbury, 1958). One of the major lineaments is the 

11 toast Range lineament described Previously. Evidence of a recent 

12 movement along the Coast Range lineament is lacking. However, the 

13 region as a whole seems to be subject to crustal unrest, as evidenced 

i4 by post-Pleistocene uplift (Twenhofel, 1952). The uplift can be 

15- 'attributed to either glacial rebound or to tectonic disturbances, but in! 

16 either case such adjustments could be accompanied by seismic shocks. All 

1/ heavy rigid structures should be located on bedrock and deSigned to 

18 withstand moderately severe earthquakes. 

20--

21 

22 

23 

24 

25 -
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Spur -:ountain Lake Powersite 

2 Toco.7ra7)hy and Drainage 

3 Spur rountain Lake (fig. 4) is about 4 miles north of the head of 

4 'Burroughs Bay, an arm of Behm Canal. The lake occupies a narrow bedrock) 

5—'basin in a U-shaped glacial valley that is a "hangin7 valley" tributary 

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

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

8 part, then turns abruptly southeast at the head of the lake. The valley 

9 'is about 6-1/2 miles ,long. Valley walls show evidence of alpine 

10— 'glaciation up to an altitude of about 3,500 feet. 
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1 Snul- > Lt z:,ltitude of about 1,889 feet. The lako 

2 is about 1-1/2 miles lo::, and averts es about one-quarter mile in width, 

3 l and is 253 feet deep. The dce2cs: art of the lake is at an altitude 

4 I of 1,636 feet and about half a mile from the southeast end of the lake 

5_1( io-h • 4). The outlet stream flows southwest out of the lake, drops 

6 !about 190 feet one-quarter mile to a small flood plain, turns 
1 

7 labruptly to the southeast, and flows into a small pond. Below the pond 

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

9 1River. The lake is fed mainly by two streams, one of which flows into 

10- the head of the lake and drains the greater part of the basin. The
1 

11 !other stream flows .nto the lake from the southwest, draining a large 
1 

12 Ltributary valley. In addition, numerous small streams and rivulets 

13 Iflow in precipitous courses from the valley walls along the lower 

14 'two-thirds of toe lake. Although the stream at the head of the lake 

16-lalld some of the minor streams have small glaciers at their sources, no 

16 'appreciable amount of silt was being carried into the lake in September 

17 1964. The drainage area of the lake is about 10 square miles. 

18 The reservoir site includes he lake and that part of the upper 

19 (valley which would be inundated by raising the water level. Because of 

20-!the flat gradient of the valley floor above the lake, a 50-foot rise 
1 

21 'in the lake level would almost double the length of the lake. 

22 

23 

24 

25-
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L.. eonos of low 

2 

3 Ls L. .2 

abutment ahoul:4 the outicI S). Southeast of 

5 -

6 FIGU7,E 8 - NEAR ii:RE 

7 

8 the saddle, the left abutMent wieens to broad, flat-topped hill. The 

9 ground surface of the right au%:mcnt riscs.graeually to an altitude of 

10- about 2,100 feet, than drops into a shallow depression where it merges 

11 with the main valley wall. The right abutment is very narrow in a 

12 northeast-southwest direction, 

13 dam. 

14 

15-

16 

17 

18 

19 

20-

21 

22 

23 

24 

normal to the possible axis line of the 
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1 

Figure 8 

Geologic 17.a, of the Spur 

Mountain Lake Zamsite. 
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2 Tj:e cor,.-D=.; lake bott= indicate 

3 -,that the greatest amount of stora7e for a ivcn ch,Inge in the war.er 

4 level would be obtained by raisin',. t e water level of the lake by 

5-!construction of a dam and drawin: it down by means of a tunnel at the 

:present surface (fig. 4). This method would take advantage of the flat 

7 valley bottom above the la'Ke. 0.;her. methods would involve simply 

drawing the lake down below surface or a combination of the two 

9 methods. 

w- , Raising the lake to 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 

'the storage capacity annreciably. A dam with a crest altitude of 2,000 

feet would be about 1,660 feet lon. T1: would essentially be in two 

15- sections on each side of the 1,996-foot knob which rises to the east of 

the outlet. 

11 Another method, which would result in about 60 percent as much 

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

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

20-surface at the 1,850-foot level. This would lengthen the tunnel routes 

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 

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

21 

r 

24 

25-
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could ho diverted for the generation 

oZ cower by meas o a con . ait down the valley parallel to the 

outlet stream or by one of two posz:Lile tunnel routes (fig. 4), Because 

the t,eoloc,,5c problems encountered in the construction of a surface 

-!conduit would be of :Little ci7niHeance, only tlie tunnel routes will be 

:discussed. One of the tunnel routes extcndz; f2o.-.1 the southeastern tip 1
1 

of the lake, about 1,400 feel: southeast oF the outlet, to a powerhouse 1 

1 on the Unuk River about 5,000 feet above its confluence with the outlet 1 

stream. The len7th from inte to n lerhcuse is about 11,200 feet. T.:: 

10-a. near-horizontal grade is nointainad in the tunnel, this would include 

la tunnel about 7,500 feet :Lon:: and a penstock about 3,700 feet long. 

The penstock could be a surface conLuit, a aricd conduit, or an 

'inclined tunnel with an inclination of about 60 nercent. The other 

.tunnel route is near the upper end of the lal:d and the tunnel would be 

15- cut through Spur lountain to a powerhouse on the Hulakon River. A 

horizontal tunnel would be about 7,200 feet long, with a 2,800-foot 

•Penstock inclined at about 60 percent. The penstock could be one of 

'the three types described above. 

20-

25-
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2 1110 1ct.t u. u:.dcriain by medium-grained. 

3 hornblende biotite fran:.)tioritc which T:.-ado locally to cuartz 

4 monzonite and quartz diorite. 1-3anLin7 _s D'seat in the rock, and it 

5- rarwes in develo=ent fro::, very ol)scure to mocerateiy pronounced. The 

6 Irock does not 7.)arallei tc tC 17,and'n The is probably 

7 iprimary flow structure. inclusions of fine-2Tained and finely 

8 'banded diorite occur in the granodiorite. Joints cut the granodiorite 

9 at intervals ranging from a few inches to a3 much as 15 feet or more. 

10- :!ost of tne talus blocks at and below the outlet are several feet in 

11 diameter. After removal of soil cover and colluviun, the rock surface 

12 Iwould be an excellent foundation for anytype of dam. 

i3 The contact between the granocliorite and the dio:oite east the 

14 'outlet is exposed at the lake shore near the north end of the saddle 

is- in the left abutment. The contact appears to ;rend through the saddle 

16 'parallel to the general strike of the gneissic banning. 

17 
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20-. 
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The diorite is f:enerally fincr and more distinctly banded 

2 than the granodiorite. Locally, some ::arcin:s are developed in the 

3 Idiorite parallel to the bandin. S pz.Irtion of the two rock types into 

4 mappable units is arbitrary, hucause the (lioritc contains a large 

5- percentage of interhanded coarse granitic rock. - The strength of the 

diorite does no;t differ significantly from that 0: 1- -,e granodiorite, an ci 

the partings in it have little continuity co:Tarce. to the joints which 

a cut both rock-types. Path the diorite and ::ranocliorito are dense, 

9 compact rocks, with negligible pereabilitv except where fractured. 

10- Narrow abutments and unfavorably oriented joints are factors which 

might considerably affect the design and cost of a dam. A careful and 

12 omolete subsurface exploration should be made in the damsite area. Thec

13 ;two major joint sets strike at hiz, angles through the abutments. The 

joints are generally tight and wiGely spaced, but some of them are 

15- Icontinuous for several tens of feet. Thl'ee -prominent notches in the 

right abutment parallel the north east-striking joints, whereas the deep 

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

north-northwest-striking joints. 

:3-
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i3edrock is at or „L:foee -lo: most of the longer ( westerrl 

2 section of the 7,ossibie ee:%, Lxis. 's a c=petenz founcation 

for a concrete 7,..ravit .._)0. hest suited to 

Ithe narrow abutments of The eemsite. .:Lh and type of 

unconsolidated fill in the S&L._ --etment would determine 

6 the type of dam_recuired for Although bedrock is 

7 present at the lakeshore atthe UDD..1 one of the saddle the bedrock 

8 surface. could piun7,e rapidly uncle,- cover fro-z1 the lake. 

9 Subsurface exploration should include core drilling at several 

10- points along the possible axis cf Inc drilled at an angle 

'from either side or the outlet one the edej• sz.ddie would cross beneath 

these features and intersect poL:eible n,.rrow buried channel deposits 

that might be missed by vertical holes. The cores would indicate the 

character of the bedrock at depth, 7:erticularly the frequency of joints 

:5-and fractures, and the de,s;ree of weatherin: along them. Core drilling 

',should be followed by pressure or pumping tests to determine the amount 

pf seepage to be expected under the dam and through the abutments. A 

resistivity survey along the possible dam axis, especially in the deep 

',saddle in the left abutment, might be used to su';-)lement drilling to 

20- determine the depth of the unconsolidated de?osits. 

U. S. GOVERNMENT PRINTING OFFICE : 1959 U - 5111/1 

867.100 



	 	

	

	

	

	

	

	 	

	 	

		

	

	

	

9 

'o ::h - rocks anc: geolocic 

condit;Lons are 5217.-1.1a.. conzt-uct'on and maintenance of a; 

tunnel is concornecl (7717. 4). The ob:;c1-1.7Lc1 aionc.: the Unuk River 

5__route appear more uni..=e= alon:7 :the i'ulakon River route. The; 

rocks along; the Unuk River route arc to the medium-to coarse 

Trained granodiorite CZ;;03C:C-1 in the ri abutment of the damsite. One 

a fairly representative in section is a granite 

,(adamellize)(Table 1, 2:o. 3 ). c,ener,Ll, -c:e granite has poorly. 

io-'defined banding. Joints in roc:: .,ever al feet apart. 

The rocks alon' route a-c predominantly 

medium-to coc.rse-grained _lccrit,, or c-r...=L.iorite. Narrow 

;interbands of dark-gray diorits E:-2c common in the granodiorite. 

The 50-foot-wide hornblendlie :Lone clescl'ibcct on rage 27 is near the 

-tunnel alignment at the crest o = ST)ur hountain. 

Because the bedrock is similar along the two tunnel routes, the 

'choice of routes is based on structure and topography and possibly other 

!factors beyond the scone of this report, such as accessibility of the 

powerhouse and transmission line ri7,ht-o:=-ways. 

A tunnel along the Hulakon River route would be under adequate 

!cover over its full length. It would pass near the major lineament at 

e head of the lake but would not cross the lineament. Other 

(lineaments observed along this route are believed to be joint 

controlled. 
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;.Le the valley below the lake 

? ;OULICIt. Ai= 'LID come within a 

3 few hundred feet of the int about 500 feet from 

4 !the lake. At this locality =-,h- lin shown on the 

5-iaerial photographs pclre...Lle_ set th7lt strikes N. 600-700 

6 E ..(fig. 4)• Another linecr.men- L inte=etee :7 asa small fault 

-or snear zone strikes abs-at • 2 • In to avoid the possibility 

8 of excessive leaka7c from the this loco lily, the tunnel 

9 alignment might be solfzecl sli- e-ast, or a reinforced lining might 

lo-be used in this part of the tunn:- Otherwise, neither tunnel would.1. 

11 'require a lining except to provide for a smoother hydraulic flow. 

Both tunnels would be• driven from noints where tributary streams 

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

• some provision would have . to be made to prevent the coarser sediments 

Is-!that are carried into the lake. from enterin the tunnel intake. Another:• 

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

tunnel would be the main stream entering the lake opposite the intake.. 

20 
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1 

2 eJr of ::,.Ltes was ex:-Jined. o evidence was seer 

3 on the aerial photographs to indlea-ce a sinificant difference in bedroqk 

4 
lithology from rock', elsewhere in the area. At the Unuk River site, 

5 - the powerhouse could be built on bedrock near t:ie water's edge on the 

6 northernmost s-ide channel cf the river. At the Eulakon River site, 

7 the powerhouse would have to be built several hundred feet back from 

8 the river at the base of the valley wall in order to have a bedrock 

9 foundation. Because of the flatness of the valley floor, this would 

10 - not, entail a significant loss of head. 

11 Reservoir site 

12 The rocks exposed around the reservoir site are predominantly 

i3 tranodiorite or quartz diorite. The dcrte which trends through 

14 the left abutment of the da:-- -e can be correlated with rocks of simila 

15- lithology on the northwest shore of the lake. Diorite, grading to 

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

17 feet from the outlet. 

i8 The reservoir site is a rock basin carved in massive, impervious 

19 granodiorite intrusive rock (fig. 4 Except for the damsite area, 

20- significant water.losses from the reservoir would be unlikely. The 

21 slopes above the lake are steep, but no evidence of 1,re-seale 

22 landslides, rockfalls, or snow avalnch.:s was observed. it is uLlikely 

23 that raising the water level by 50 or 103 feet will cause any change in 

24 the stability of the slopes. 

25-
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c.,N„2 "-- - I)lain above the head of 

3 'Spur !':ountain Lake al-c, of const:uction 

A !materials to the damsile. Thea2 de:osits consist of beds or lenses of 

.5 -;gravel, sand, and pcssibly come racial silt. ':he gravels consist or 

A 'cobbles and pebles of intrusive rock scIr to the bedrock exposed 

7 around the lake, and they sllouid make rood coarse e.7120;.-7,ate. A more 

8 ;limited supply-of fine to COZ:1 ho obtained from the 

9 !flood plain immediately beve the ceeli pond below the outlet. Clean 

N-Igravel may be obtained from the small delta built by the large tributary 

II Istream near the head of the :eke. ergo ancoular blocks of intrusive 

12 rock suitable or ri-;rap are in any of :he talus deposits around the 

13 lake. 

'1 
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2 

3 Tyco Lake :IS 7 —;/2 hc:-d of Lradficid 

4 !Cana.. at thc lower end -eiel valley wh4ch 

5-,extends 6 miles above the The lake is about 2-1 /4 

6 les long ...eet and surface area of 

7 ',approximately 425 acre was at an altitude of 

1,387 feet on July 24, l2 of lake bottom is 

at an altitude of ic,G L::ke is drained by Tyce 

10— ;Creek. The creek flows a deep narrow 

11 !gorge, turns northwest QbC1ut _2D7: the outlet, and continues 

12 7107.WCSt TO its intersection with 1:5,1LL:: i'rom Hidden Creek it 

flows north-northeast into a siouh of Bradfield Canal. The drainage 

;. area of Tyco Lake covers c.out 14 cr 15 scuare miles. A large stream 

'15- ;flows into the upper end cf the and two smaller tributaries flow 

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

;:small glaciers lie within the drainage basin, but they apparently do 

:a ',not contribute much silt to the lake bacause the water was clear. 

19 

20-
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2 ACC;012LL:' - (1 1:7,p 

3 complete re:ulatin of (ectiated 102 c 

4 ;would reruere stora7e 72.222 rlThic storc..7e 

5-- cdpaci could be attain Leve-; an altitude 

about 1,510 fe..-t w'th a - et Jhe 32 lake, by the 

'lake down to 1,10 .elm... 227 'eet 1,elow the present 

• 

-

'water surface, or by ce..t-7 e: te The ,eater could 

9 be conveyed to a nowernouee e on -the of 

w_iTyee Creek by a tunnel 'ntake on the north chore of Tyee Lake. 

11 The Federal Power Cominsion (17) mentions an inclined tunnel with a 

? 20 percent grade :put su-;;;ests is h,;1- =7 tunnel with an inclined 

penstock would cost less to buil:— :he location of the in would 

depend on whether or not t..c 1.2.a to -

8 •

c.:.‘awn down below its normal 

level. The shortest tunnel-nem:toe:: route :could extend fror; a point 

e outlet of the lake 1.7-th to the T)owerhouse site. However, to 

in:.;ure -,e_t 1,00 feet north of the 

outlet, the route c_oald 2,=1:)c ca:;-,: of t'.- e 1,500-foot contour in the 

draw. (Fig. 3). irds would place the intake about.1,100 feet east of 

;the outlet. Assumin7, a horizontal tunn'el at the present water level, 

the tunnel would be about 4,800 feet lonc7, with an 1,600-foot penstock. 

In order to develop the storaEe by drawdown alone, the tunnel 

23 intake would have to be at least 2,200 feet east of the lake outlet to 

24 reach the required death, This would place the intake almost under the 

center of the lake, and would result in a tunnel about 5,600 feet long 
25 -

with a 1,600-foot nenstork. 
- • c 
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• ".".2 is betwoon 

1C0 onc: 15C3 . al alin7,cnt 

4 A-A 9). is ex::o c,d 130-200 

fcc 'urthcr locc:tion and 

Lype --... 7)::1Tabiit7 of the 

W— W:11C.1 Lut t.iii azis would 

,,ndoubtedly fall and 3-3' (fig. 6). 

The 1,510-foot altil-ue, ;:he c)-: the crestline or chord of the! 

dam would be 283 a7c.: , and it would be about 144 

feet above the surface of Tvee C.feek. Alon the length 

27? the crest would be about 162 feet above Lliv 

; surface of the creek. The site 1.0 w.-- 11 suited topogr.aphically for an 

arch or 7,ravity-arch clam, whic occupy most of the area between 

the two alL-n:nonts. 
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-rincu biot:tc 

1c cescribec in 

3 ;Table 1 (loc. 5, fi7. 9), is ststivc of the 'bedrock at the 

4 idamslte and in the exposurs :sr F_versi .unred feet alonF Tvee Creek 
1 

5_1above and below the msite. The ciartz dante is CUT by irregular 

6 :pegmatite veins and dikes from 1/2 to C Lnenes thick. Well-defined 

7 l aplite dikes as much as 2 fcet the c,.1.1-.rtz diorite. The two 

8 ;largest dikes observed are s-on on tne - e01077,1c map (rig. 9). The 

9 dikes are composed of some o- c± the :..ineral constituents of the 
1 

10- louartz diorite but in diffc:rent. lyro7orzLon:- , The dikes co not differ 

n - significantly from the euartz dicrita in :oundation properties. 
1 

The cuartz diorite is massive and structureless. In both abutment 

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

A !but only those belonzin- to tee major joint sets persist. Although 
1 

15- ;some of these can be traced from to7, to bottom of the bedrock exposures: 

16 ;in the canyon walls, the major joints strike nearly normal to the 

1;/ ;abutments and have steep or vertical dips. 

:6 
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1 The channel z.„1.etion o2 ic by large angular 

2 !blocks of talus. The thic=eee 7 - can be tetermined only 

3 .NT drilling or bv.geo7.hyoical rojections of 

4 ' the Deerock walls into .eseible depth off.-edicate a -

5-nearly 200 feet alon;- ali7nment A-At and over 1CO fc- t elona. alignment 

6 B—B' 9). Der,ths greater than this are noss:_ble tne -Jorge is 

7 !eroded along a fault or sheel- -en case, a door stream channel' 

8 that is filled with stream :rave' Its may be nresent. Although no. 

9 !evidence of shearing, or crus77 was observed in the outcrops in the 

10- !abutments, the corge does not pa:eali.ei any of the .ehown sets of joints,1 

and the talus deposit is wide enou:7h to cover a ..3eult zone. 

In summary, the al)utments of the .demeite &3 co=osed of competent 

3 massive unweathered quartz is cepable of suDporting any 

:size or tyre of darn. The attitudes cF the persistent joints in the 

15- 'abutments are parallel oret anles to the axis of the dam. The 

joints are generally wide-snaced and tieht, and serious leakage or 

movement along the joints is unlike:v. 

The channel section is filled with coarse angular material to an 

'unknown depth. The fill may be too perl:!eable to hold grout or other 

20-,treatment, recuirinz complete removal'of the material prior to 

construction of the darn. If the depth of the fill is such that removal 

would be more costly than. a ioner tunnel, it might be preferable to 

.e3 !clevelop the required amount of. storage by drawing the lake down below 

!Its present surface. 

re '4 

S. GOV ERN M ENT 'II N1 1M: orrwe : 1949 0 - Sinn 

667. toki 

https://pa:eali.ei


	
	

	 		

	 	

	

	

	
	

	

	

	

2 Two tunne'-enstocl: routc%:: s]:10.:'n en ::Tu-a 3. These cover the 

3 two possible extremes of vcnc c,2a:- e by raisin- zhc lake alone 

4 !or by drawaown alone. A tunnel 17.eute storage developed 

5-Hbv a combination of the twe wo-,-.Le. fall between them. :orth of the draw, 

.1,800 feet north of the routes woulci be the same 

7 !except for the differencc: in 

8 The tunnel routes are injection gneiss, 

9 hornblendite and euartz diorite. The 77s-ceck route is underlain by 

w-ollartz diorite. 

2? 

23 

24 

25-! 
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rock is un-v:cati-,:-.;:ec.1 not 

occur alen7 the band-7.,—.- .. locality 7 (fig. C) 

is representative of -z1-.3 tunn,.; et in this rock would 

— not recuire lining. In j ection cro7)s out alon:T t.r.c_, crest of the 

ridge directly north of he -=nYl The lon:)e tunnel would 

probably intercept the _-,.hi :, 700 fe -it of the intake 

and penetrate this rock typc for al.out 2,600 feet. The short tunnel 

would reach the injection cr,n_iss within 600 feet and would 5e in the 

.0- gneiss for about 2,1400 feet. The cfneizs is distinctly banded with 

local partin7, 1_:arallel to the banding. ..,.cause the banding ordinarily 

strikes at hiFh angles to the tunnel ali-nnlents and has steep dips, 

such partinq should not cause Lnv difficulty in the construction or 

maintenance of the unlined tunnel. A5out 2,400 feet north of the lake 

iJ' - and on the crest of the second ridge be Tyee Lake and Bradfield 

Canal, the tunnel routes arc uneerlain by medium-to coarse-grained 

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

percent andesine. The hornblondite is cut by thick irregular pegmatite, 

veins and dikes. The hornblendite grades toward the northeast into a 

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

tunnel routes. The northernmost 1,100 to 1,200 feet of the tunnel 

routes and the penstock route are in quartz diorite similar to that 

exposed at the damsite. 
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._utes arc (Tenerally 

2 to- ht and 

.inc]ioates 
C.:(;:Cined €e One, 

of these follows an exteilion 
• t-tendin7 draw 1,E00 , 

feet north of the out: linement a shallow 

denression along the cres c-,7 the c.ivui 2 north of the 

7 outlet (fisr,. 3). These :ea arc parallel to the nsl'thwest-striking 

set of loints ancc ob_ t J , cejontin,7. No 

evidence of faultn7 was cs=,,r-d 'n the outcrop alonE the tunnel routes. 

However, the lineaments do w,, Ikness, and the tunnel 

may recuire a -,-ein'orsed 'innT 't c.rosL;es them, particularly the; 

one in the rock- cover m:Inum. 

The nenstock route as to teSlo:le of the ridge, which 

avon:J.;:s 
would present the least 

possible exposure to Cvai.encees, , or rockfalls. Such hazardS 

cannot be Completely eliminated, however, .nd -,:h3 cost of construction 

of an inclined tunnel or aburied conduit should be weighed against that 

of repair and maintenance of an above--ground. penstock. 

2owerhouse site 

A relatively flat area loeL-.:cd i=lediately east of the mouth of 

Tyee Creek would make a suitable cite for a powerhouse if it is first 

stripped of the large blOcks of bedrock which have accumulated at the 

hose of the steep slope above the site. The bedrock surface underlies 

the colluvium near water level. 

U. N. Gi1VEti.,,,.N .1 iNt; (W1-'1Cr.: I-



	

	

	

	 	 	

 

	 	

	

	

	

	

	

	
	

The bedrock is cuartz similar in litholo7y to 

2 bedrock at the damsite, and it weuld be a com7,ctent foundation for a 

large structure. '::ost•of the unconsolidated material ovcrlyincr, bedrock 

t the base of the sloe is cov:c;:ea DV SCVCIN11 v-ars growth of moss 

D-:and no recent avalanche or slide sears are in evidence. however, 

; because of the rsteep slope, th-,,c.:;werhouse shoul/, - designed and 

7 situated to miniz:ize r_mac ::. -

Res;:rvoir site 

9 Tyee Lake lies in a rock hasin lain by dense 

10- and impermeable igneous and 77.c!tarnic (fig. 3). Leakage from 

the reservoir could occur only near the outlet by drainage through the 

:2 talus in the gore of Ty,?:o Cro::: or t.7-L'cu-:11 suL-ficial deposits in the 

deep saddle which trend-s northwet outlet. The saddle is at 

an altitude of 1,58C-1,60° fac: is -Lro'bzbly a former outlet of the 

lake. if the lake is to 1:c rLdsecl acre tean 100 feet, the saddle 

should be explored by geophycl ;71._--,-hos or by drilling to determine 

•the depth of surficial It is . possible, that a deep buried 

stream channel underlies the talus. 

‘;‘, "CC:, • -
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i 

4 

7.Jcs.cr: 
5-

Hthe clff. 
7 

•affect the 

9 'and cause rock 

o- sr,ow 

OL' ciL:f that is 

water surface at a 

roe.,:ailL; involving 

1—cz-.use t: 

face of 

_.'.)C-1:33 feet could 

, foo' of cliff 

-Zails. The ci= cv_rtopin7, waves should be 

considered in the desiq of then10-

a.Ls 

Signizicant quantities o: ans :ravel arc not available at the!:2 

cr,t'et of TVC2 Lakc. The nearcz,t source of supply of coarse to fine 

a77,07;te in is thc alluvial plain at the head 

of the l;LIke .. . 3 of clean sand and !.-;ravel may 

occur. Thc construction of a -2oL(.: around the lake would be impractical, 

because of the stee-D slopes, but it :nay be possible to move the 

materials down the lake to the aasi-ce Ly barge. Aggregate could be 

rnanufacturod frort the bedrock or talus deposits near the outlet or it • 

could be hauled to the site from the alluvial plain at the head of
20-

1 
Bradfield Canal. The bedrock at the outlet would make excellent 

crushed aggre7ate. 
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2 

4 glacial v,:,11v. 

-- • The 

7 trou7h 

8 outlet of was.; 2.;6.5 

9 feet on July 20, lc;L _nd his an 

J• ssirfacu al-ea of the 

11 lake sately 3,500 feet 

12 long and ,000 Y1 raver nearly 2-1/2 miles 

• belo,: ha ow.:ier: of Ea;le 7 :L::0 is here referred to as Little 

Lc.,,2. The water surf -ice -21,:::udc Yttle Lake was 244.7 

iti fec,:t on 2i, -01.1tive1.Y snail difference in 

ib iltituce Lctween t:1; la-s_ .17.,site below the outlet orL:- -

• Little 7.10 liTlke was also The dra;na7e basin above 

• the ou-clet of Ear-le Lahe is 2-27 The 1-.eiht of the 

14ater level of the resc:2voil, .;:ould he li:nited by the saddles which cut 

20- the divide between aFie Lak ana E>11 The divide is a low bedrock 

ii Tidge with an altitude of 420 c:et which is cut by as many as four 

22 saddles with altitudes ranc:in between 350 and 330 feet. 

23 

24 
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is about 4,500 feet. :-ost 

•o: iver is obtained from 

the five large lateral ta-.21e..; which enter the main valley froil the 

southwest and northeast. 

The storage ca-Dacity and area for a reservoir including 

0 all the drainage area above. Little Ea7le would be 60-70 percent 

greater than one which taces in only the basin of Eagle Lal(e. 

Presumably, the runoff would "Le increased proportionally, and the water 

level required for regulation wo',1ld be alout the same for both sites. 

11 



	

	

	 	

	 	

		 	

	

	 	

	

	 	

	 	

	

co:-.;Zrietion in the 

outlet of lako 

ace rises 

.7IGURE ::EAa . 

from the :.-cer left 

abutment is par: c_ c..:tends :or some distance from 

the main valley wall. o,:n-cc(1 two large glaciated 

knobs ane sew:raj s:': filer ol:os ar_ 0: less elongated parallel 

to the main Vc.,__LC7. r' d- of sour formed at 

the intersection of the mai.: '.:iver valley with the 

crlacicr lar , vaJ.lev west of :he outlet. 

The area was covered bv iee shee-c in late 21eistocene 

t'mo (Coulte- oth(,2L,, Th,; ice apparently flowed southward 

and the e;vide a: the Lia,77;l,; appears to have been overriddaa 

by the ice at that is s;milar :o the bedrock lip 

Which characterizes the outlet ends of ::any glacial valleys in 

southeastern Alaska. The subseeuent reversal in the direction of 

drainage could be attributed to later modification by alpine glaciazion, 

tilting of the land surface due to tectonic disturbances, or 

differential adjustment of the land surface resulting from the removal 

the ice 
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8 Cco1c77 ic map Or th,a 
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L, 1-.ve a 

crec: lenr,t:-. e: :ace o La:c 

River at this localitv is about 10 feet lower t'han the surfce 

of Ea7,10 Lake. 

L'edrock is CX.pOSCL alon t:le west sic:e of the rver . _•nd in the 

o •knobs above the left ab-,:tent. The Ireas beteen roc C:1.1:C201-JC on the 

7 .left abutment arc covereC', with a 53.L cLc containin,,7 a Frowth of thin 

6 brush and muskeir„ The soil covc,r be as 7:::;.cn as 10 :cet thicic. The . 

9 ri7ht abutment is heavily :cc.. cc ),:.,-,u1-11..uss..; is very dense. The 

only bedrock exposures on the rihc butcnt in :le bottoms of 

gullies and small tribuaries flwoln..7 Into -
River.r Judging from 

h) the depth of the Fullies, che coil cover and colluvium is probably less 

than 10 feet thick. 

I : - I 



	

	
	 	

	 	

	

	

	

 

	 	

	

	

	

	

	 

...: oird 57,-arnetiferous 

_ 13 (1.=1. 10) wore taken 

3 from the left abutent. r:Dos disinetive in that they 

4 !contain kyanite and a .i_cdrock exposed near 

5-!water level in the lelt ba.nk of 71-10 river al;ove and below the aamsite 

6 ,is similar me7aseon'cL1- y totne two sz,...7)Ies cescr'bed. There are few 

7 exposures of bedrock in the ri1t al7utment. The sample from locality 

8 -ill (fig. 10) is modfun-:-:rainz.d hiotite-bot.nblende gneissic quartz 

9 'diorite. The foliation in thL-, sal-.1- 1c-3 is less distinct and the 

10- fissility less well developed thn in the biotite gneiss of the left 

abutment. Bedrock e:-:Dosed .1 v 00 fact downstream and on strike with 

12 :locality 11 is similar :-2.7aco-7:f.ca2...1y. causa of the paucity of 

13 !exposures along the right abut. o attem9t has been made to 

14 ;eparate the bedrock into -t:1nsi units as described. nore detailed 

;5--;mapping, subsurface sampling„ and more comprehensive thin section 

16 studies could provide a ..)ass for doing so. 

Although the biotite gneiss ap2ears to be slightly more susceptible 

1.8 to weathering that the cuartz diorite, the lithologic differences 

;between thes,, rock tvnes are not likely to affect foundation properties 

.11 

2.: 
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_ in the c-neiss. 

7:rovide the shortest oath 

of _percolation of waer throu:]h the abutments. 

7oliation :)- -Hnes at the _ e.nh to allow weathering to 

D- some depth in the rock, 11;ut o..a Denetrates 

0 only a few feet. below the eu:c.e. l:;:.'eek is L=eL;:_d alon7, the banks 

7 of the .772a -le .Mve-r, at 17.) ,,.cs above bole'.: the Lamsite. The presence 

of a deep alluviuilled c'.1Lnnel beneJ:tL the streaa bed seems unlikely. 

9 However, the nossibilitv has eroded a channel along a 

ic,Hmarble interhed cannot rCej coo, is toe case, a cee7, 

solution CH may underlie ode core:.... 

The major joint set sorikas no an nnle of about 50° with the 

'proposed axis of the dam. The :::ecnd '0int set is subparaliel to this 

axis, The joints are tight and the loss of water by leakage along 

ID- joints would be minimal. 

.1 

cc--

UI,. I P.C. -01..1..AC : 



	 	 		

	 	 		

	
 

	 	 	

	

	

	 	

 

	

	

 

  

	

pLI:ces alonF; 

2 VZIL1,,r V, . 
. 

sicic of tl-le 

3 cc 5C- . 
since the aerial 

4 
—71:C= co involve 

5_ large of fr,;Jh CC: cth..ost-ly of loose 

'oint ?he topoc-raphy is 

7 such that avalanches youlL not 1.: on the left al)utment, but 

8 the r-7 tht abutn:ent is -2c1—:- ii, s107,..!, is com:inuous with 

9 the main valley wall. • The nrc;:ence. o:7 r;:anv.cica:alls and jumbled blocks 

Of gneiss on the riht abutr:;cnt indicates considerable recent avalancnin1. 

ii The removal of the ve7etat1on around the demsite and the raising of the 

water level could alter the sta:Dilitv of the slope and post a direct 

13 threat to the da, oarticule:rly LurL717 the sr)rin of years following a 

4 heavy accuulation of snow. 

15-- The d=site is suites for a ec.)neretc :7-ravitv dar or an earthfill 

dam. 

1/ 

ia 

1 ,1 

20 -

2.' 

2i 

2,1 

:•5 
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simil-r to 

- t7:.ent is a low, 

4 

7 broad rid7c exteneih; 

13 !abutment is DC:.. 1. 

9 intersection of th:, from the 

10--'WST. The to the loft alputment 

Cat the Lc; 1t. La::e damsite. ?he n c Lake aT,ncars to be 

which often occurs at the 

, -3 iiltersection of triutary. 

Ea le out az low gradient for 

15-- aiJoat 2200 f.ect, then thJ to a 10-foot 

•,6 :waterfall al)(:- .Z 2,00 feet bolo-7 the lee outlet. An alignment which 

:would recuire the si:.allest Cam is located about 100 feet .above the11 

;:s ;falls. am to the 1 00-.i:oot z.ltitude would have a crest length of 

about 1,50 feet. The heiht of the dam wouiC be 1CJ feet above the 

20 - water 

i',CC120C:‹ ox7csures are n:.re except aloe the riverbank at and below 

The flat or ;ently sloning ground of the left abutment is 
, I 

Q icovcred by ncoriv drained muske,7 which is interspersed with heavily 
}! 1 

24 Itimbered :) c.1 brushy ar,eas. Jud.,:in7, from te scattered small exposuresh 

of gneis:-, in areas c)5 low relief, the soil cover must be quite thin.,.' 
;'5 -- i .- - _ - . 

1...1a7.ormucil 0,- L_Pc, 1(11-7 (.muIllert. 
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2 

4 

5-

6 
0 

7 
• Figure 11 

b 
Geologic map of the 

9 
Little 'Eagle Lake 

10- damsite. 

11 

12 

13 

14 

is-

16 

17 

20— 

22 

•26 
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is heavily weeded and 

cover that cilaractcrizes 

the rint abutment of sitc. 

2edrock ex-posed at tJ,e _Ltt e Lao. damsj.te is a fine-to 

medium-grained cc injectionneiss. The rineiss crops 

out Continuously alon7 the riverbanks below the damsite. At a point 

7 about 1,50C feet downstr:;am fl-om ,,neiss is cut by many 

euartz-feldsnar veins and dikee wic'n have been injected along 

preexistinq. joints and foliation. The foliation in the gneiss strikes 

13- parallel to Eagle River and ei-Ds E. As at the Eagle Lake 

damsite, the foliation provides the;;:oat direct route for water passing 

under the dam or throu7:1 the abutents, The foliation planes appear as • 

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

that much groutin7 would be rec:uired to prevent leak.:7,-e. The stream 

", • ,flows over bedrock in the dasite arca. jo.i.nts are less likely than 

the foliation to cause leaka3. 

inc discussion regarding avalanches at the Eagle Lake damsite would 

apply as well to the Little Eagle Lake site. No particular hazard exists 

on the left abutment,. but conditions on the right abutment are such that. 

avalanches can he expected under the proper conditions. 

Topographically, the damsite would probably be best suited for an 

22 earthfill dam, althoug.01 the foundation rock is cuite capable of 

supporting a concrete dam. 

OVV,Cr: 19,7 U- i 
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The divL. :iowever, a 

careful stud,.! 2h3tc --aphs. The 

relr, which _-orms the to the strike of the 

:,- foliation in the :'ness. rid(-7,e ma' be underlain 

• by a band of more resistant t'han the normal :::ne'(-s. The marble 

7 outcrop described at the head ..kc is on strike with the 

• ridge. The thickness of the =1) e is not but it seems likely 

9 that most of the ride is more resitant rock. Wien the 

:o- .valley of Eagle River was occ-,1:-,iee tier , meltwater probably 

is flowed through the saddles in ode divide. If co, it is possible that 

the saddles •are underlan b - - luvium-_=illed channels to an unknown 

depth, and leakai7e might occu-f, L5 the water level is not raised 

above the level of the sz_ddle: 

in- Auxiliary dams or aies wools re renuired in each ofthe four 

.0 saddles if the la'xe is raised above an altitude of 360 feet. The 

:7 abutment:for these structures would probably be in competent cr,neiss, but 

-it might he necessary to remove large amounts of unconsolidated material 

from the channel SCC7,-.: 1C; S. 

If one or more marble layers is present, it would strike parallel 

to the ali-nment of the auxiliary dikes. The dip-of the beds or* 

foliation is as steep here as elsewhere in the area, so leakage through 

solution cavities in the marble would be unlikely. 

The strike of the major set of joints is throuz-h the divide, and 

• the joints :N=.,7 have localized croion in the saddles. 

P1t ..N. .11M; ()I. r : V .,/ 1)- sili,1 



	
	

	 	

	

	

		 	

	
	 	 	

	 	

	

	 	 	

	

	 		

	

	

	

	

	

	

	

	

	

	

	

	

	 	
	

•2 .....:ceas,ary. This coulc.,, 

3 'LC aided coni ocale as the 

5 

Ina shortet to ee would extend 

n3=ly due south to .....„:.:ehore about 600 to 

b 700 feet -!-art of into the head of the 

lake. .i3ecause9 Of the delta, 

- the recdthe ake, .c shoal -Drobv _,seated further 

.11 .to the west to Drevent tiuteri the tun L horizontal 

:2 tunnel would hav,3 C Jeet, (aocndin7, on the 

13 location of the intac in the L of the lake and the 

14 'underwater slope and deTzh ,ne at tnis Doint. The route shown 

15-.0n ficrure 2 has -;ce.n c .losen 0,- "0 :.:asis of available information, but 

16 .mip:ht be chanT:eL as e:...ta en underwater toDoraohy and the rate of 

accretion of the delta is acquii,ed. The penstock could be an incle 

18 'tunnel or a sur.-ace or buried conduit, or a combination of these. The 

l'o length of the Dens cockwould i)e from l,500-2,000 feet, depending on the. 

20 _iloca-cion c: ile uowerhouse. 

Thehc,drock outeroDnin in the vicinity of the tunnel route is 

? 7arnetifcrous cuart2: Liorite. The rocks that were examined 

2.3 lare uniform in color, ..:odium. to coal-'se grained, and arc megascopically 

24 similar. The -- ...eissic- texture in the bedrock is not well defined. 

25' -
1 
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nay intersect 

=ce 01 orhor 72arble 

inter'bed s coneee 1;y- vtaion cannot he 

overlookeL. 

The foliation in to tl-le tunnel 

6 alignment, aaa he stee to vertical. The foliation, 

7 s not well deve'onee, 2ooa in the bedrock. 

The ioontinr is also wicloIy enineering nroperties 

9 of the bedrock are favorable or tu=c1 co=ction. The tunnel route 

:0-does naraliel a eraina.7e 7..:ljor joint trend. This 

11 drainage is one of a sories lincr reatures at the head of 

:2 The lake and indicate a zon,:, e alo. naccd or open joints. No 

evidence of shea::.i or oL;:_vee in the cneiss•at the 

CeL so7:arat.7,r1 lineament. The tunnel could be 

: alined to avoid c n.:i- th 

The sions at the Tkr at this locality arc covered by 

undetermined thickness 02 colluvium. The colluviva may not be too thick 

to be stri7)ned away orior to constructio:I. If so, the stability of the 

unconsolidated material further Up the slope might be affected and some . 

2--i.neasureo. would he required to ri.2ovent avalanches or to protect the intake 

from them. 

24 
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2 The o: 

deposits of fine sand or silt it:1 

•• foundation woule a 

structure necessary In 

o whore a Ledrockfouhdation is 

benchmark about ',300 -r=eet 

• feasible to extend the 

9 order to bypass the tisal 

near sea level. 

1i niers to bedrock in the 

on the depth to 2.-)edr:)ck. 

The reser7oir site s 

:Lat which is unerlain by 

matcra. Such 

site for the heavy 

The nearest place 

be near the 43-foot: 

. -

o2 the valley in 

.:owerhouse on bedrock 

drive nilinfls or construct 

This would depend, 

,tense and imnermeabie metar.i.crphic 

rocks. Se-cu:: lea,(ae o.c 1-eservoir could occur only in the 

0. bedrock n(- as,,r the dam sites cc the head of Ea3le Lake. 

steen„,:c7,(n.„ cocune the -e__\ioa.J, site are anparently 

• susce7tMle to dv,lancheL;, but none of the avalanche scars observed 

acar or (..011,” to hove involved voiues of material lare 

to create dan.7erous waves. 

_ 
; ; 1, •; - “ ,1 



	

	 	

	 

	

	 	

	

	

	

	

	

	

	

	

	 	

	

	

7 

to both 

damsites tribut:c.ry 

tely west of Lc c ssurcewhich shoule 

c---:-,(fi . 2). 

and stratificatc1. be L near the laeshore. 

..nother possible solce _ in the.ienosits 

unde2iying the-21a d p: _11 Lake eamsite. 

The area arounL u.r.,:!1-Ln 1 alluvial deposits 

:o-clansistin of silt or ..7ine swLy ara just south of the 

left abutment cicDosits along the 

course of Ea:;le the west which flows 

into Little Lake (fit . 2;. 

he a, uvi,LL 17lain o[ bale is probably 

underlain by sane, anci c.Vel c:eposits. 

-lalus ce7)osits _)-oc.:s _Large enouP -.:. :or rlprap were not 

observed around ..7:71,-2 Lake, althoup;h sore of the areas of colluvium that 

are covered with hrul.;h may contain bloc::s of Fcrcater diameter. It may 

be necessary to quarry some of the ::ore poorly foliated quartz diorite 

if. a. source of riprap is required. The gneiss is well suited for 

concrete aggreate. minerals which would he citemicallv reactive with 

cement arc present in thc rocks. The rock is resistant to weathering, 

and.the foliation is not well enough developed to result in a 

predominance of flat or elonzated --;:_rtieics except in the cobble or 

larger size range. 

https://tribut:c.ry


	

	 	

		

	

	 	 	

	

	

	 		

	

	

	

	

	

	 	 	

11„ proper,:ies of the 

foundatIon ree:: and in ti:0 could 

• cause s=a7e under • J • -,c.crock is not 

continuously ex.;osec.: damsite, and 

U angle drillin2:.:Jene :Ln order to 

determine whether a buri L._...-% o' - -el or a solution cavity 

6 • in marble is pressnt. 

9 The overall size .. 7 ,13 La ke site would be 

10-three to four times L: .. siz 3f site. however it 

is possible that . larc and reaily 'esssible source 02 impervious 

12 fill material immselately uT,s-cre: _rc... ..he damoite would make the 

13 construction of an 'thfill this size feasible. 

•The colluvium is prolv thin on the abutments of both damsites. 

16- Trench;ng Cr resistivit, su-veys would determine the profile Or the 

:ti bedrock surface. lowever, at least one or two holes should be drilled 

17 .into bedrock for pressure or pumpin7, tests. 

Seismic or resistivity surveys or drilling in the four saddles in 

the divide at the head of the 1r,ike will be necessary to determine the 

20-- depth of fill and its permeability. detailed topographic and 

geologic mapping in this area is reuired. 

Subsurface exploration in the, tidal flat at the head of Bell Arm 

2 should be accomplished to determine a locality near tidewater at which 

24 it would be practical to construct piers or crave nilings to bedrock 

25—for a powerhouse foundation. 

64 h\ : i) - si I 
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