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1 
Geologic i<cconnaissance of Possible 

Poxers i tes  a t  S p w  Mountain, 

Tyee, and Eagle Lakes, 

Southeastern Alaska 

By James E. Callahzn and ~ i e x a r d e r  A .  Wanek 

Abstract 

i S ? u r  Lountain, Tyee, Hnd Eagle Lakes f i l l  glacially scoiired bedroc$ 

b i 
I 

lo- ,bas ins  in the Coast Range of soutneastern A l a s k e .  The bedrock consists 1 
I I 

" of granitic intrusive rocks  and nigh r ank  metamorphic rocks associa ted  1 
i 

;z ' k i t h  o r  resulting from emplacemcat of t h e  Cosst Kanqe b a t h o l i t h .  I 
I 

I " 1 Spur Mountain damsite is unde r l a in  by granodior i te  and d i o r i t e .  j 

l4 bhe foundat ion properties af t h e  bedrock are e x c e l l e n t ,  bu t  t h e  

1 ~ - ~ a r r o w e s s  of t h e  ria22 t h a t  forms t h e  r i g h t  abutment and two prominent 1 
I 

'"joint sets  t h a t  in te rsec t  t h e  abutments  a t  high anqlcs nay be se r ious  I 
l 7  Lisadvantagos. Two poss ib le  t u n n e l  routes  extend from the up7er and 1 

I 
l o  lower ends of t h e  lake t o  t h e  Hulakon River and Unuk River valleys, 

I 

lY r e spec t ive ly ,  They are approximately -the same l e n i t h  and both  are 
I 

2" unde r l a in  by intrusive rocks wi th  similar physical proper t i e s .  Both 

21 ~ o u t e s  are geologica l ly  s a t i s f a c t o r y  and the  choiEe of o n e t w i l l  probably 1 
I 

1 
' L  depend on o t h e r  factors. The r e s e r v o i r  is unde r l a in  and surrounded by I 

23 hpe rmcab le  granodior i te ,  dio-i te,  or  related rocks. 



I / The abutments of the i"yee Lake dansiie iili; in massive quartz i 
2 d i o r i t e .  The channe l  secrioa fs filled co L:: undctcrmincd dep th  w i t h  I 
3 

r quartz d i o r i t e  which are impermeable except possibly along two zones of 

I 

coarse  talus which i s  probably too permeable to grout, If t h e  t a l u s  

4 

5- 

6 

8 close-spaced o r  o p m  joints. The gowerhouse s i t e  on Eradfield Canal  is I 

, d e p o s i t  i s  too deep t o  be reaoved economicaLly, it might be possible t o  

develop the s i t e  by drawin5 ~ t e  Lake down, The tunnel  and penstock 

rou te  is undcr l s in  by p,ranodiori te ,  conposite g n e i s s ,  hornblexldite, and 

9 unde r l a in  by quar tz  d i o r i t e  s i m i l a r  ro t h e  bedrock a t  t h e  damsite. I 
10- 1 The Eagle Lake powersite inc ludes  rbm p o s s i b l e  d a n s i t e s .  The ~ a ~ l e l  

~ n e i s s  consisting of foliated b i a t i t e . g n e i s s  in te r l aye red  with banded 1 
1 1  

13 qua r t z  d i o r i t e ,  which i s  l a r g e l y  concealed wi th  t h i n  d e p o s i t s  o f  soii I 

Lake damsite a t  t h e  o u t l e t  of Eagle Lake i s  under la in  by composite 

15- dam, and minor Leakage a long  foliation planes m i ~ h t  be expected. The I 
14 

16 p o s s i b i l i t y  of a deep bur ied  channel o r  s o i u t i o n  c a v i t i e s  i n  marble I 

and col luv iun .  The f o l i a t i o n  st~ikes normal t o  t h e  a l i g m e n t  of t h e  

!underlying t h e  stream bed should be considered. The o t h e r  d a n s i t e  i s  
l 7  - 1  la * l o c a t e d  a t  t h e  outlet of Little Eagle Lake about 2& miles below t h e  I 
l9 b aqle Lake damsite. The d ra inage  area and storage.capacity above t h e  

l i t t l e  Eagle  Lake site would be abour 70 percent  greater t h a n  for  t h e  

2 I baele Lake damsite, but the dam lrould have t o  be t h r e e  t o  f o u r  times I 
22 arger Than t h e  one a t  Eagle  Lake t o  reach t h e  same water  level. T h i s  I- 
,, P am may be economically f e a s i b l e  -due t o  large voLumcs of impervious f i l l  

U. S. GOVERNMENT PIIINYING OFPlCE 1 1959 0 - 5 1 1 1  11 

b u  (107-100 

,, xaterial a v a i l a b l e  for c o n s p u c t i o n  05 an  e a r t h f i l l  dam near L i t t l e  

,,-:a~le Lake. Four saddles, which a r e  p robab ly  abandoned stream channe ls ,  



i 
2 3 e m e a b f l i t y  of fill in -the saildles are unlcnown factors which  zkould be 1 

I 
i 

3 ,investigated. The tunnel m u t e  extends Fi-orn t k e  headward part of Eagle 1 
1 

4 River to the head af Bell Arrn and is underlain by poorly foliated I - I 
I 

s- . iy~eiss ic  quartz d i o r i t e .  I .  



;a troduct ion 

T h i s  repor-c describes geologic conditions at three possible~ 

powersites, Tyee, E a ~ l e ,  and Spur Mountain Lakes, on the mainland of 

southeastern Alaska,  The examinations were made to a i d  evaluation and 
b 

classification of public lands for water-power resources, 



'Geography 

Locat ion I 
0 1 The t h r e e  powers i tes  lie within an area bounded on the n o r t h  by I 

' FIGURE I - NEAR HEXE 

5- 

" 
7 

north-northeast of Ketchikan 2nd 40-50 miles sou theas t  of Wrangell. 
10- I 

Rradfield Canal and Cast Bradf ie ld  River ,  on t h e  south  by Burrouehs Bay 

and Unuk River ,  and on t h e  W E ~ C  by t h e  western cres-tline of the drainagt 

area o f  Eagle Lake and Eagle River (fig. 1). The area l ies  50-60 mi l e s  

I The sites are a maximum of 19 miles apart and all lie with in  t h e  
11 ' I  

PPadf i e ld  C a n a l  1:250,000 scale Alaska Topooraphic Series Map area. 
12 I 

\spur Mountain Lake Bs on t h e  Bradfield Canal ( A - 4 )  quadrangle map , I 
I (1:63,360). Eagle and Tyee Lakes are on the adjoiniig ~iadfield Canal 

14 l3 ! I 
( A - 5 )  quadrangle map. 

15- 

I The l a k e s  are accessible by float-equipped aircraft and are within 
16 1 '  

la few miles of tidewater. :,one of the lakes are accessible by trails, 
17  

18 

19 

20- 

and cross-country t r a v e l  is  extremely slow and d i f f i c u l t  because of 

dense brush,  

4 

Y 



Figure 1 

Index map showing loca t ion  

'-> 

of Spur Mountain, Tyee, and 

Eagle Lakes. 



Physiography I 
2 1 The lakes are i n  the b u n d a r y  Anges p h y s i ~ ~ ~ r a p h i c  d i v i s i o n  of I 

southeastern Alaska as defined by l!ahrhaftig (1965). The maximum r e l i e f  

1 The land forns resulted from Pleistocene and subsequent alpine 

5- 

is from 4,000 to 5,000 feet near S p u r  P;ountain and Tyee Lakes, and from 

3,000 to 4,000 f ee t  near Eagle Lake.  

valleys'are U-shaped and steepwalled. !+!any of the valleys contain rock 

7 

bas in  lakes such as  Tyee and Spur Mountain Lakes, Plosi: of the 

lo-north-facing cirques contain small glaciers t h a t  ape stagnant o r  

g l a c i a t i o n ,  Many of t h e  mountain'iops are rounded and smooA~h, The 

The t r e n d  of l i n e a r  topographic fearures  is northwest,  and p a r a l l e l  ? 
13 g n e i s s i c  banding i n  t h e  bedrock. The foliation is better, developed in 

he v i c i n i t y  of Eagle Lake and be-tweer. Eagle I i i v e r  and Tyee Lake, 

e s u l t i n g  i n  a more pronounced alignmerlt of topo~l;ra_~hy than  i n  t h e  Spur 

area. Near Spur Mountain, jo in t s  seem t o  control  t he  character 

J u. s. COvEIlfiMLNT PHINTJNG OFPICE : 1959 0 - 511171 
ah7.IUO 



I C l i m a t e  and vegeta t ion  I 
1 -  The climate is moderate, with cool summers and n i l d  winters. The 

3 

5- 

6 

January 

February 

daily and seasonal variations in temperaTure fa11 w i t h i n  a r e l a t i ve ly  

narrow range.' The U. S. Weather Bureau Station a.t Wrangell is t h e  

closest source of weather data Tor the reporr area. Avera~e  monthly 

teaperatures and precipitation amounrs for the period 1951-60 at 

7 

8 

l4 1 June 54.6 , 3.52 

'Wranqell (U. S. Weather Bureau, 1965, p .  16, 4 9 )  are l i s t e d  below: 

Ilont h ~ e m ~ e r a t u r e ( ~ ~ )  Prec ip i t a t ion(  Inches 

15- I July 57.9 4.83 

September 

October 

November 

20- I December. 33.1 - 9.13 I 
I - 

21 iThe mean -annual t empera tu re  is 43 .  and the w a n  annual precipitation ( I - 

29 !is 80.511 inches. 



7- 
-- .--- ---.-- -- - --7 

I 1 
I 

[The monthly t e n ~ e r a t u r e s  for the  winter months a t  Guard I s l and ,  near 
r 

I 
I 

I ~ e t c h i k a n ,  and a t  Anre t te  Island were h i p h e r  t h a n  a t  Vrangel l  by 2 O  to 1 
I 

3 150 for the same ~ e r i o d  because of t h e  modifying i n f l u e n c e  of t h e  pacific! 
I 
I 

I 

I 1 

4 Ocean, The amount of p r e c i p i t a t i o n  is inf luenced i n  part by t o ~ o q r a p h y .  
I 

5-IClimate in the repor t  area probably differs from t h a t  near t h e  wcati-ier 
I 
I 
, stati .ons because t h e  repor t  area i s  f u r t h e r  in land  and h ighe r .  , , 
i I 

i The area is densely fores tec  to  an elevation o t  3,000 fee t  except I 
8 where s lopes  are steep or the ground is wet. The forcsts are 

9 1 medominantly s p r u c e  a n d  hemlock and have a dense u ~ d e r g r o w t h  of vprious 
I .  I 

l o - t y p e s  of berry bushes and o ther  shrubs.  The slopes above timberline are' i I 

11 loenerally covered wi th  tanuled a lder  brush or moss. Talus slopes and 1 
I I 

12 ,old slide scars are covered w i t h  dense' lob- a l d e r  and d e v i l s c l u b .  

,I--- , 
l4 1 

15.- 1 
I 

I 

l 6  I 
v ' 

I' I , 
18 

19 

/O -  I 

2 2 I 
73 



*- 
Fieldwork ----- 

was furnished by J. E. Ggwylcr; hydrau l i c  e ~ g i n e e r ,  U. S .  Geological l 

2 

3 

4 

5- 

6 

a lsurvay, .who had established camps ir. The area fo r  topographic surveys afl 

The possible powersites were examined i?u;'ing two sescions of 

f i e l d w o r k  in the summe;? of 1064. The investir;at-io:1 of Eagle Lake was, 

nade from June  22 to June 27 by t h e  writers. The i n v e s t i g a t i o n s  a t  Spur  

l<ocnrzin and Tyez Lakes uere mudz bntween September 2 and September 1 0  

by J.  E. Callahan who was ass i s ted  by George Kraemer. Logist ic  support 

1 9 he powersites. ,, 

Aerial pho-Lographic coverav,e of t ke  po~ers i . t e s  iccludes t h e  

11 k l lowini :  U. S .  A i r  Force photogranhs: I 
j ' spu~. Flountain: SEA 1oE-X.3, - l ; L + ,  -115, -116, -117, August 8,1944 

SEA 107-008,--009, -01G, -011, - 0 1 2 y P . ~ g ~ ~ t  8, 194  

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

SEA 113-142 t o  SZA 113-147, inclusive,  August 13,1948.  

Tyee Lake: SEX 110-053 to SEA 110-103,incLusive, August 8, 1948. 

SEA 113-0'53 m d  -054, August 13, 1948. ' 



hevious  inves t iga t ions  

2 T h e  study area i s  i n c l u d e d  i n  t h e  l a r ~ e  area mapped by B u d d i n ~ t o n  

r land Chapin (1929) dorinr: t h e h  reqianal  work on southeastern h l s s k a .  I --. 
r (Because t h e i r  f i e l d  i n v e s t i e S t i o n s  were r e s t r i c t ed  mainly to accessible / 
5- 

9 Canal ( Ihddington and Chapin ,  1929,  p. 49-56), Eire app l i cab le ,  with 

coastal areas and major r i v e r  valleys thc ~eoiog:~.  near EaQe and Spur 

6 

7 

8 

Younta in  J,akes 4s not shown on : he i r  naps. Tyee lake is p a r t i a l l y  

included in t h e i r  map area, I n  ~ o n G r a l ,  t h e i r  c i c s c r i p t i o n s  of t h e  

i n t r u s i v e  and ne tamornh ic  rocks,  p a r t i c u l a r l y  of those  along S rad f i e ld  

I S -  1 

11 

24 

25- 23L---. , ,  & .h U. S, COYCI<NMbNT . PHlNflrUO OFFICE * : 1959 0 - 111171 

867.100 

lo-some modificat ions,  to the s tudy  zrea,  

l 2  . I  - --- 



Geology 

The dominant geoics ical  fcs , :~re  of the mainland of zourheastern 

Unuk River north to B ~ a d f i e l d  Canal is u n d e r l a i n  by i n f r u s l v e  rocks 

3 

belonging to t h e  bathol i t ;?  acd Ly metamorpllic rocks  consisting 
I- I 

I i 

Alaska is the Coast Rznge S a t h o i i t h .  The aiqcL &om Bur.roup,hs Bay and 1 
I I 

predoainant ly  of gne i s s  w i t h  in t e r l aye red  thin beds o f  marale or 

crystalline l i m e s t m e .  The mezamor~~~ ic  rocks  contain a large volume of  
I 

i.r.timat.ly associated intrusive rocks which are ~ t o u g h t  to ire ~cnatira 

I lo. ldcf ined as t h e  GJran~ell-Revil lagigedo belt of metarnorphic rocks by 
I 

1 

9 

Buddinqton and Chapin (1929, p.  49). Only the eastcr,i p a r t  of the b e l t  i 

relarcd t o  the ,main b a t h o l i t h .  T;c metamorphic rccks are p a r t  of a u n i  
' -. 

17 is represented in t h e  sti ldy arca. A ve ry  "uoad t r a n s i t i o n  zone exists i 
from t h e  metamorphic t o  intrusive rocks. As t h e  b z t h o l i t h  is approacnc 4 

l 4  I from the southwest, t h e  proportion of concordant i n t r u s i v e  bodies I I 
157(interlayered with the g n e i s s i c  rocks increases. The western parr of th 

I 

batholixn is characrerizcd by the przsecce of large and small bands of 

g n e i s s  in various stages of assimilazion. The in t rus ive  rock of the 

l a  j b a t h o i i t h  ie itsclf bar.?&, and it is d i f f i c u l t  o r  impossible  t o  I I 

,,, . i n t r u s i v e  rocks o r  partly assimilated rnetazorphic rocks. 
n I 

, ,  
I 

determine i n  t h e  f i e l d  whether some of the rocks are flow-banded , I  
I 
I 



1 

3 Idefincd by Buddington a-d Chapin (152'3, p. 55) ,  bu t  much of t h e  Tyee 
I 

Spur,Mountain Lake l i e s  well wi-khin t h e  ~ a i r i  body of the b a t h o l i t h .  

2 

i I L a k e  a roa  is underlain by gneissic rocks which are probably pa~agneisses. 
! 

Tyee Lakc  is also w i t h i n  the wectarn boundary of t h e  batholith as 

5~'. Eagle Lake and Eagle River a-e within t h e  be l t  of metamorphic rocks, i 

8 Chapin (2.929, plate  1). Thc map units u s e l  i n  -ti.is r e p o r t  are defined 

6 a l though  t h e  B e l l  Arm erea south of t h e  bead of Eagle La::e is sha.itn as I 

9 mainly on t h e  basis ?f precloninant t e x t u r a l  characteristics and to a I 

7 

r' 
quar tz  d i o r i t e  continuous with t h e  main b a t h o l i t h  by Buddington and 

19; 

11 

15- ;associated w i t h  the marble Sc-rls was a l s o  der ived  from sedimentary rocks. 
i 

lesser extent on t he  occurrence of n ine ra l ;  o r d i n a r i l y  associated with  

metamorhpic rocks (ie, ~ a r n e t ,  kyariite). O f  t h o  u n i t s  defined only t h e  

13 

14 

1 
I 

16 S i x  bedrock u n i t s  are shoan on t h e  geologic  maps. 

' 1 7  j u a r t z  d i o r i t e  a t  Tyoc Lake can p o s i t i v e l y  be assii,ilcd an  igneous o r i p i  
I i 
and only t h e  marble i n t e rbeds  near Eagle Lake are knotrn to be of 

sedimentary o r i g i n .  It can be assumed t h a t  much of t h e  g n e i s s  as 

1 11  Buddington and Chapin present ovidcnce for a l a te  Jurassic or earl>, 

is 

2 0 -  The age of the metamorphic rocks is much more difficult to determine. i 
21 iBudaington and C i ~ a p i n  (1929, p. 7 4 )  conclude t h a t  t hey  are predominant1 

I 

Cretaceous 2?;e for t h e  rocks  of -the b a t h o l i t h .  Recent iso-copic d a t i n ~  I 
14 

? r  of Carboniferous and Triassic age, but that t hey  could include -rocks i 1 

(summarized by WacKevett and Blake, 19633 indicates a Cretaceous age. I 

2 3  . which range from Ordovician to Cretaceous in age. 



),ietac!orphic Racks 

Coxpositc Gneiss 

I 
I 

With in  t h i s  unir are included rocks which ci-op out along Eagle' Lake 

and Eaclo ' ~ i v e r  aid around ~ ~ e e  Lake (figs. 2 and 3 ) .  The reeks a re  I 

FIGURE 2 - HEAR HERE; e 

characterized.by well.' developed gneiss ic  banding and by f i n e  to medium 

Igrain. P a r t i n g  parallel t o  t h e  banding occu r s  locally, and r e s u l t s  fromi 
I I 
t h e  alignment of p l a t y  or prismatic minerals .  The g n e i s s  conta ins  a 

large propor t ion  of interbanded medium-to coarse-grained quartz dioritic 

/to g r a n i t i c  rock  wi th  poorly developed segregation banding. 
I The gneiss 1 
/near Zagle Lake contains thin marble beds and anphibolitc bands which - 

bay r ep resen t  h i g h l y  metamorphosed i n p w e  calcareous sediments.  The 
I 
presence of  ga rne t ,  kyani te  and flake: of graph i t e  i n  t h e  gneiss at 

Eagle Lake a l s o  suggest a s e d i r m n t a ~ y  o r i g i n  for the ??OCKS. Mar5le beds 

'or metamorphic minerals were nor, observed in association with the gnei;s 
I i 
1st Tyee Lake. Eosever, Butidington and Chapin (1929, p .  56) repor t  the 1 
wcourrcnse of ~arblc beds arsacirird w i t h  rile neap t h e  head o f  1 

of t h e  pre-existing country rock. 
: ,,? 

i Bradf ield Canal. 

The q u a r t z  d i o r i t e  and related igneous rocks which are inc luded  in 

h e  gneiss unit: are locally garnetir'erous, indicating local complete 

3 ,  
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F i g u ~ e  2 -. - - 
G e o l o ~ i c  map of ~ t e  

is 

Eazle Lake reservoir 

site 



F1,yure 3 

G e o l o ~ i c  nap of rhe 

Tyee Lake rese~voir I 

s i t e  



I With more de t a i l&  nzpnin; than w a s  possible dur ing  t h i s  

z 1 investigation, some of t h e  igneous rocks could be mapped s e p a ~ a t e l y  

10; TABLE 1 - NEAR HERE 1 * 

3 

4 

s -  

6 

7 

I 
8 

I 

17 ~ n e i s s  u n i t .  Samples 6, 9, and 1 0  are b i o t i t e  gneiss of probable  I ' 

from t h e  gne i s s  of sedinents ry  origin at  Cagle Lake. Around Tyee Lake, 

t h e  mixed g n e i s s  is i n  g rada t iona l  contac t  with banded granocl ior i te ,  anc 
! 

and the mapped c o n t ~ c t s  are a r b i t r a r y .  Here, too, more detailed work 

t?ould undoubtedly indicate  2 aore complex distribution of rocks than is 

shown on t h e  g e o l o ~ i c  map ( f i g ,  3 ) ,  

Sample 6 and samples 9 tkL-ohgh 16 in Table 1 are from the composit ! 
I sedimentary o r i g i n .  Samples 11, 14,  15 ,  and 16 are representative of 

14 the interbanded rocks of probable igneous b r i g i n  included i n  the i 
I 15-  jcomposite gne i s s  unit. S2:;:ple 12 is a n  amphibo1i"ce. 'lile minera l  I I 

16 i conFos i~ ion  of Sample 13 w a s  not fahuln ted  because it incluucs t h e  
I 
I I 

I 1 7  (contac t  be-tkrien two bands of wiaely divergent  mineralogy. Sample 13 1 
1 18 contains scattered g r a i n s  of calcite, and t h e  chemical composition of 

. I 

1s 

70-- 

1 ) .  b. OOVEHNMLNT YItlN?lN<; OPFICtE: I Y 5 Y  i) - ' . I 11  1 1  

0 6 1 .  1 t i i l  

both Sasples 12 and 1 3  i n d i c a t e  t h a t  t h e  rocks probably r e s u l t e d  from 

-the high grade metamorphism (amphibol i te  facies) of impwe calcareous 

21  sediments.  



.:1 7L - l i i n e r a l  2nd Chemical  conposLtFon and C .I .?.!;;. x:.:orr.ls, i n  yclrcen';, oi: s i x t e e n  roclc 
scanles fi-om t h e  Spur  >$ountczin L ~ l i c ,  'i'yee Lal:?. a:1& >;.:er: u lc ;,cl:c ?j; ;c?~sites.  

(C::>:r,LcsI ( r ep ib - rock)  a n a l y s e s  by P z u l  L.D. E lnore ,  Sarn~cI  3 .  Cottrs, 2nd L c 7 r c l l  A r t i s )  

l I i n e r a l  Co~.m:.:osiLion (Volur.:? Pz r cen t )  

L o c a l i t y  1 2 3 4 5 6 7 8 9 IC 11 12 1 3  14 15 16 

Q u a r t z  
Plag<oc lase , 

A l k a l i  Fe ldspar  
Eornb l ende  
B i o t i t e  
h lagne t i t e  
Gzrne t  
R y a n i t  e 
0 t h e r  

19 3 1 2 9 19 5 3  27 . 23  36 L: 3 14 
3 5 1  4 1  2 3 5 7  46 3 1 .4 1 31 2 9 5 5 

2 3 4 0  1 19 33 . 2 1  P r e s e n t  
4  38 2 15 8 15 
2 2 1 6 9 19 2 4  9 4 2 7 19 15 
1 2 1 1 3 

4 7 
2 PresenC 

2 1 

6 2 1  
62 46 

P r e s e n t  Present 
27 15 
4 . 17 

T o t a l  100 100 100 103  100 100 100 100 100 100 100 . 100 100 100 100 

Chemical Analyses 

S LO2 
A1203 
Fe2O3 
FeO 
l~f @ 
CaO 

.L 

H 2 0 f  
Ti02 
B205 
MnO 

T o t a l  99.92 99.78 100.25 99.67 99.86 100.,03 99.91 99.96 99.90 93.93 99.35 99.87 99.97 99.65 99.81 99.97 

C.I.P.1.1. Norms 

- - - - -  -- - 

T o t a l  9 9 . 9 9  100.01 99.89 97.97 99.94 1 0 0 . 0 6  99.94 99.94 99.80 99.88 100.00 9 9 . 9 5  100.01 100,lO 99.96 99.95 



2 1, Granodioritc from t h e  right abutmeri~ of Spur Mountain damsi te ,  

Granular  t e x t u r e .  Plagioclase, h o r ~ b l e n d e  ar,d b i o t i t e  are 
# 

subhedra l  t o  znhedra l .  Q u a r t z  and L~icroc i ine  are anhcdra l .  

5- I F-verage grain s i ze  is 3/2 m. !~:icrocline g ra ins  are as much as I 
6 2 mn i n  di,ameter. P lagioclasc  is andesine (An35). Somc hornblend 

7 g ra ins  enc lose  a u q i t e  . 
2. P f e l a d i o r i t e  from band of d i o r i t i c  r o c k  on lakeshore 1150 '  east of 

1 o u t l e t  of Spur  Ilauntain Lake. Equigranula r ,  with f i n e l y  g n e i s s i c  I 
--. 

lo- I t n x t u r e ,  Average gra in  szze is 1/4 mm. B io t i t e  l a ~ h s  a r e  as long 

" I as 3/4 mm. A l l  n i n o r a l s  are f r e s h ,  unoltoved, and show no I 
i nd ica t ion  of s t r a in  o r  deformation. PlagiocLase i s  andesine 

l3 1 ( A ~ I ~ ~ - , + ~ ) .  A p a t i t e  i s  thc only co:;i.an acaassary mineral. I 
I 

l4 13. G r a n i t e  (adamel l i tc )  fror?. zri outcrop about  2,000 feet from the 

I sou theas t  end of-spur Counta in  Lakc, approximately on the t unne l  

route to ~ n u k  Rivcr. Granitic texture. :4icrocline and quartz 

I I grains are as much as 2-1/2 mm i n  diameter. P l a ~ i o c l a s e  is 
I 

IH ; fracsured and extcns ive ly  altered to kao l in  and ser ic i te .  Biot i te  

1 ' 1  ' is a l te red  i n  oart t o  c h l o r i t e  and loca l iy  t o - e p i l o t e .  ~1agiocla;Q 

>(I  - is andesine Zircon is a comson accessory mineral.  

0 71 4 ,  Quartz d i o r i t e  ( t o n a l i c e )  from t h e  crest of Spur Mountain ox-i the I 
t u n n e l  rout c to  kulakon River. Granit ic texture , Average gra in  I 
s i z e  is about  1/2 mm, Plaqioclasc and qua r t z  g r a i n s  are a s  much 

as  1.5 mm i n  diameter. The p l ~ g i o c l a s e  is fractured and partly I 
al tered to serLcite or- k a o l i n .  Much of t h e  biotite is al tered to 1 



c h l o r i t e  and epidotc.  Plapioclase is andesine (An35). 

5 .  Q u a r t z  d i o r i t e  from l e f t  abutment of Tyee Lake damsite, 150 feet 

norhtwest of outlet. Vzriable grain size, Iiarnblende c r y s t a l s  

lare as much as 8 mn long.  Quartz and plagioclase have maximum 

diancrers of 3mm and 5 mm r e s p e c t i v e l y .  L igh t  colored m i n e r a l s  

a r e  l a r g e l y  unaltered. Iiopnblende is s l i g h t l y  a l t e r e d  t o  c h l o r i t e  

and b i o t i t e  is p a r t l y  a l tered t o  c h l o r i t e  and epidote. 

P lag ioc la se  is andes ine  (An47). 

5 ,  B i o t i t e  gneiss (biotite q u a ~ ~ z - g r a n i t e )  from bo in t  of land  on south 

shore of Tyee Lake about 1 mile s o u t h e a s t  of o u t l e t .  From mixed 

gne i s s  u n i t .  Quar tz  and f e l d s p a r  g r a i n s  are a.nl.,edral, and b i o t i t e  

g r a i n s  are subhedra l .  Grain s i z e  v a r i e s  across banding, 
- 

Microcline g r a i n s  have a aiameter o f  as much as 1 mm. P l a g i o c l a s e  

(o l igoclase ,  An28) occurs i n  scattered small g r a i n s  and is  h i g h l y  

altered to sericite. B i o t i t e  is p a r t l y  a l t e r e d  t o  ep ido t e .  
1 .  

j Microcl ine  is f r ee  of a l t e r a t i o n .  

1 .  G r a n i t e  ( adame l l i r e )  from n o r t h  shore of Tyee Lake, 2,800 feet east 

of o u t l e t .  Average g r a i n  s i z e  is aboux . 3  mn. Plagioclasc 

(andesine, Ang2) grains have a maximum diameter of about  2 mm. 

Quartz and f e l d s p a r  g r a i n s  have irregular, embayed borders. 

P l a ~ i o c l a s e  and microcline are s l i g k t l y  a l t e r e d .  Biotite is par t% 

altered to 5hLorite and is l o c a l l y  bleached. Larger grains are 

surrounded by complex i n t e rg rowths  of f i n e r  material, which 

suggests shearing o r  c ru sh ing  i n  a p a r t l y  s o l i d i f i e d  magma during 



I ranges from submicroscopic t o  as xuch as 3% mm. The minerals a r e  

1 

2 

. I  highly  f r a c t u r e d ,  and p lagioclase  ( ~ L i g o c l a s e ,  AnpR) a l t e r e d  t o  I 

8. Granodiori te  from crest of  r i d q e  3i i00 f e e t  no r th -no r - t i l a s t  o f  t h e  

o u t l e t  of Tyee Lake. The rock is  very  inequigranular .  Grain size 

5- I s e r i c i t e  o r . l c ao l in  a1or.g t h e  f r a c t u r e s ,  The mafic minera l s  are 

I w e l l  p reserved  with only minor alteration of b i o t i t e  to c h l o r i t e  

I and hornblende to epidote .  T h e  rock appears t o  have undergone 

I some postmagmatic c r u s h i n g  and recrystallization of  the quartz I 
1 and f e l d s p a r ,  

lo-  9. Garne t i f e rous  b i o t i t e  g n e i s s  from le2-t abutment of t h e  Eagle  Lake I 
l 1  I dansite, about 1000 feet nos th  of t h e  lake o u t l e t .  Average g r a i n  

l 4  I are ben-t and shredded,  and i n  some cases appear t o  bend around 

12 

13 

15- 1 ovoid masses of qua r t z ,  f e l d s p a r  and garnet. Graphite flakes are 

size is about  1 .5  mm. Anhedra1.garne-t crystals have d iameters  of 

as much as 2 mm. Plagioclase  is  andas ine  (Ango). B i o t i t e  l a t h s  

, 1 . , L J  - ' 

common. 

17 0 G a r n e t i f e m u s  b i o t i t e  g n e i s s  f r o m  l e f t  abutment of t h e  Eagle Lake 1 
i s *  I damsite  1500 f ee t  n o r t h  of lake outlet. T e x t u r e  and i n t e r r e l a t i o n  

of minerals generally similar To gneiss a t  locality 9, above. 
l9 1 

20- 1 M a g n e t i t e  and apari tc  are common accessory  minera ls ,  Plagioclase 

is andesine (An35,40). 

22 " I 1. G a r n e t i f e r o u s  g n e i s s i c  quartz d ior i re  from r i g h t  abutment of Eakle  
I 

Lake damsi te  about 1200 f e e t  n o r t h  of t h e  l a k e  o u t l e t .  Average 

g ra in  size aboui i/2 qm. Some p l a g i o c l a s e  (andes ine ,  An35,40) 

25- 

, 
grains have a diameter of 5 mm. L a q e  plagioclase and qua r t z  
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masses are enclosed by f i n e l y  g r a n u l a r  agg rega t e s  which are strun,? I 
2 1 out parallel to gneissic banding. Undulatory e x t i n c t i o n  i n  quartz 1 

I 
and bent  t w i n  lamcllae i n  plagiocLase are cocmon throughout  t h e  

I 
thin sect ion.  

. a  

-.12; Amphibolite fron lefz abutment of t h e  L i t t l e  Eagle Lake damsite 

about half a mile north 05 the o u t l e t  of L i t t l e  Eagle Lake. 

Eornblende occurs i n  large i r r e z u l a r  o p t i c a l l y  d i scont inuous  masse 

o r  clots. Ilornblende and plagioclase (bytownite ,  Ango) occur  i n  

a s s o c i a t i o n ,  quartz occuxns separately near edge of thin section.  

Bulk analysis and normc inc luae  a larger percentage of quartz than 

is present in thin section. Accessory minerals i nc lude  zircon and 

a widely dissemiilatcd sul i ' ide ,  >robably pyrite. 

Rock frorr. left bank of Eagle River  about 3,530 fest below the o u t l e  

of Little Eagle Lake. :4ir:eral cornposit ion  n o t  tabulated. Thin 

s e c t i o n  inc ludes  p a r t  of a b io t i t e -hronblende  gneiss  bana i n  

contact with a rock pr inc i?a l ly  composed of plagioclase, 

c l i n o z o i s i t e ,  d iops ide  and abundant r e l a t i v e l y  large euhedra l  

z i r c o n  c r y s t a l s .  I I 
IP 14-15-16. Gneissic ~ U Z P ~ Z  d i o r i f e  from southwest shore  of Eagle Lake I 
m-: 1 5,500, 13,009, and 16,000 f e e t  r e s p e c t i v e l y  from o u t l e t  of l a k e .  

. From mixcd gneiss unit. The rocks are roughly banded, with i 
i ~ d i c a t i o n s  of deformation including granu la t ed  quartz and fe1dspad 

i 

23 I undulatory e x t i n c t i o n  i n  qua r t z ,  bent  feldspar twin laminae and 

24 1 bend and shredded biotite l a t h s .  ~ l a g i o c l a s e  is andesine (AnqO). 1 
25 - 1 Maximum grain size i s  about 3.5 rnn in hront lende.  Accessory 1 



- - Y' 

minera ls  are apat i te ,  corundum and r u t i l e .  The t h r e e  sam~les are 

.7 
nearly i d e n t i c a l  in megascopic appearance and t ex tu re .  



Marble 

I Marble i n t e r b e d s  in the gneiss were observed near Eagle Lake a t  

3 /two loca l i t ies ,  one on t h e  east side of Eagle  rive^ about  112 mile. 

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

a l t i t u d e  of about 805 feet. The thickness of t h e  bed racges from 15 to 

5-  

6 

8 120 fee t .  The marble is dense, white, and medium gra ined ,  and contains ( 

Lake near  t h e  upper end (fig. 2) .  The marble in-terbed near t h e  l a k e  

outlet crops out in the channe118f a small t r i b u t a r y  stream at an 

I l 1  lend of the lake is at least 12 f e e t  t h i c k ,  is coarsely crystalline and I 
lo-  

evenly d i s t r i b u t e d  g raph i t e  f l akes  t h a t  are oricntcd para l le l  t o  t h e  

f o l i a t i o n  i n  t h e  adjacent  gneiss .  The marble exposed near the upper 

I 12 massive, and contains scattered small rounded grains of a pale-green I 



' 

Igneous rocks 

I Spur  l!oun-iain Lakc and Tyee Lake lie within t h e  Coast Range 

3 1 batholith, The predominant rock type a-t. ;j~+Ch localities i s  medium 1 
I 

~ r a i n e d ,  inhomogeneous, crudely banded granodior i te  ( f i g .  3 & 4 ) .  The 
1 I 

1 
I 

FIGURE 4 - FiEAq IlERE 
I 

8 I E r a n o d i o r i t e  gzados l o c a l l y  t o  granite ( a d a m e l l i t e )  and q u a r t z d i o r i t e .  1 

hornblendite masses or bands were observed at both Local i t ies .  Coarse, 
6 

massive quartz diorite u n d e r l i e s  t h e  o u t l e t  area of Tyee Lake, 

9 

apparently as a discordant  h o ~ y  c r o s ~ c u t t i n g  t h e  gne i ss ic  banding i n  

t h e  ~ranodiorite and composite gneiss which sur rounds  t h e  l a k e .  

The r e l a r i v e  ages of the dif:erent ipaeous  rocks i s  not known, The 

ho rnb l cnd i t e  bodies a t  Spur Flountain Lakc  a re  brecciated and appear to 

be intruded by granodiorite. A t  an exposed c o n t a c t  between diorite and 

D i o r i t e  bands iarre enough t o  map occur  a t  Spur Mountain Lake, and 

17 granodior i te  at Spur Mountain La!:e, the g r a n o d i o r i t e  appears to be I 
in t ruded '  a l o q  2~e-existing planes of f o l i a t i o n  and j o i n t s  i n  t h e  

d i o r i t e .  

. . 

, , 
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Figu re  4 

Gcologlc x z ~  of the Spur 

ElountaLn Lake r s sc rvo i r  

site . 



Rocks of t h e  g ranod io r i t e  u n i t  are  medium t o  coarse  gra ined ,  l i g h t  

gray i n  co lo r  a n d  a r e  genera1ly"banded.. 'She rock is inhomogeneous. The 

th ickness  and conposi t ion of bands are quite v a r i a b l e .  I n  add i t ion  t o  

t h e  l a r g e  mappabie bands of d i o r i t e  described above, small i nc lus ions  

o r  segregat ions,  of d i o r i t i c  o r  more bas i c  rocli occur throughout t h e  

g ranod io r i t e ,  Although t h e  average composition of t h e  u n i t  as mapped 

is  prabably g ranod ia r i t e ,  much of t h e  rock is  l o c a l l y  qua r t z  d i o r i t i c  

or g r a n i t i c  (Table 1). T h e  g r a n o d i o r i t e  is c l a s s i f i e d  as an igneous 

rock i n  t h i s  report, a l t h o u g ? ~  it mieht properly be considered as a  

metamorphosed i n t r u s i v e  rock (o r thogne i s s ) ,  Some of t h e  rocks examined 

show microscopic evidence of post-msgmatic deformation. 

, -- ' l!ornblendite 

Rock composed predominantly of hornblende crystals with 

i n t e r s t i t i a l  p lagioclase  and some asscciated b i o ~ i t e  occurs  a t  Spur 

Mountain Lake and Tyee Lake.  A t  Tyce Lake, t h e  hornblendi te  c rops  out  

f o r  ;bout 1 / 2  mi l e  along t h e  cresx bf t h e  ridge about h a l f  a mile  

nor thcas t  o f  t h e  l a k e  b u ~ l e t  (fig, 3 ) .  I t  appears t o  Lz i n  g rada t iona l  

contact with g r a n o d i o ~ i t e  which crops  out t o  t h e  nor theas t .  

Hornblendite occurs  as a band or e longate  mass about SO f ~ e t  w i d c i n  

t he  g ranod io r i t e  on t h e  c r e s t  of  Spur Mountain. Sirnilar rocks  crop out  

Dn t h e  southeas t  shore of Spur Xountain Lake about 4,000 f ee t  northwest 

sf t h e  o u t l e t .  .The hornblendi te  bodies near  Spur Mountain are seve re ly  

fragment'ed aild i n t r u i e d  by heavy irregular ve ins  of granitic or 

; r anod io r i t i c  rock. They are not' large enough to be shown on t h e  geolo. 
: iC  map, 
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n i a r i t e  crops c u t  along t h e  shore of Spur Mountain Lake from 600 

I t o  1,200 feet east of ~ ? : c  outlcr of -the l a k c  ( f i g .  4) .  The d i o r i t e  

occurs in a band about 600 feet widc which t re i lds  N. l o 0  to 15O W, 

Diorite which apparently b c i o n ~ s  to the saxe band crops out on the 

I northeast shore of the lake d i r e c t l y  opsosire the outlet. Dior i t e  is I 
I 
a l so  exposed on t h e  s o u t h ~ , ~ e s t  shore of t h e  iake about 4,000 feet 

nor thxes t  of N i e  o u r l e t ,  where it is i n  gradational con tac t  with t h e  

hornblendite described above, The d i o r i t e  is generally F i n e r  f i ~ a i n e d  

and more d i s t i n c t l y  kanded t h a n  t h e  g r ~ r o d i o r i t e ,  I 
1 Quartz  a i o r i t e  1 

The o u t l e t  of Tyee Lake and "L ..., ;,ill west of t h e  ou t l e t  are 

I 
under la in  by coarse-grained quar tz  d i o r i t e  i n f e r r e d  to.be p a r t  of a 

discordant  hody which c;rs the gneissic rocks exposed around t h e  lake 

(fig. 3 ) .  Quartz d i o r i t e  w i t h  very similar charzcterisrics crops out 

on BradfieLa Canal east  of t h e  mouth of Tyee Creek. The quartz d i o r i t e  

i s  massive and contains scattered schlieren of f ine-grained gneissic 



I Uncorisolidatcd Deposits 

2 

3 

6 d e p o s i t s  a t  t h e r h e a u s  of Tyec a26 Spur  !lountzir. Lakes, f i aod  p l a i n  i ' 1  

Thf: l a r g e s t  d;,ssi;r: ,  of uncon~olidated n ~ t e r i a l  t i i t h i n  the' study 

area as a whole a r e  the del tzic  and alluvial d e p o s i t s  a t  t h e  heads of 

4 

5- 

7 1 drpos i r s  along Eaqle Pivk?, .did;, col;-qlun ana soil cover. 

I The al luv-ial  p l a i n s  at t:le heads  af Tyee and Spur Moun.iain Lakes 

Burroughs Bay and B ~ s d f i e l d  Canal. I I ~ ~ ~ ~ e v c r ,  the d e p o s i t s  more directly 

related t o  t h e  present *r,vesti:rlation are ~ L a ~ i o f l ~ i v i a l  and a l l u v i a l  

1 9 a r e  underlain by rnader i t e ly  well sorteC and s t r a t i f i e d  gravel, sand and ) - 

i 
lo- 

sma l l e r  deltas have been buii-i- i n t o  Spur Mountain a n d l E a g l e  Lakes by 

' t r i b u t a r y  strwams. These small d e l t a s  are made up prkdaminantly of 

s i l t .  The d e p o s i t s  probably inclu*cl'e beds of l acu . s t r i ne  s i l t  and 

I 11 

12 

I 
13 

I 14 

1 subangular t o  subround g r a v e l  v i t h  some sand, and the d e p o s i t s  are, 

poss ib ly  some bur ied  norainal  material. Smaller  a i l u v i a l  p l a i n s  occur 

at the head of Lazlz Lake znd above tb.r: sn,zZl pond below t h e  o~z1c.t :  of 

S y r  Mountain Lake. 

I n  a d d i t i o n  LC t h e  brozd delrsic arleas L, t n e  h e a d s  of t h e  i d k e s ,  

probably more poorly s o r t e d  and s t r a t i f i e d  than t h e  deposits at t h e  

heads of the lakes. 

The flcod p l ~ i n  of Eagle River between Eagle Lake and Little Eagle 

i 21 Lake is unde r l a in  by sor"id.and s t r a t i f i e d  sand and gravel, Thc bas in  

2 2  07- Lizt le  Eagle Lake contains 2 large voLilme of al luvium which pro5aSly I - 
I 

23 

24 

i nc iudes  beds 05 lenses of fine sand, s i l t l a n d  peat o r  hi%yhly organic 

s i l t  a s  we l l  as coarser sand a126 yravel. 



Talus depos i t s  composed of Large angular  blocks of bedrock occur 

along the lower slcpcc uf t h e  xounta ins  surrounding Tyce and Snur 

Fountain I,akes. T h e  serge 6.f '.:':.rec, Crclck i:.; :;.Xed w i t h  l a r ~ e  blocks of 

qua*.tz d i o r i t e ,  as is .the deep drakr which trezds northwest from t h e  

7 1 Co1li;vi~n co..,;osed of angu la r ,  unsorted rubble has co!,lected at t h  4 

5 -  

6 

8 base of steep s lopes  dong Eagle Lake zn6 Z q l e  Fiver as a res~lt of i 

outlet area. No d e p o ~ i t s  of .:e?y large talus blocks were noted at i 4 1  

Lake, .. 

I 
9 >  ~rockfa l l s ,  snow avalanches and r a p i d l y  running water dur ing  pe r iods  of 

PI- 1 1 

- 

lo- 
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h igh  runoff, 



I 
1 I Structure 

2 

s laverage is abouf 50° NE. Dips it Tyee Lake are also predominantly to I 1 

The s t r i k e  of gnedssic  bandin? or f o l i a t i o n  and t h e  Trend of 

3 

4 

'5- 

observe t contacts is genera l ly  -cox--- 5 t h e  r,c.i--~'r,~.icst tk.1-3ui;ht. the study 

2rea, Mezsured s t r i k e s  range f?om north-south t~ west-northwest* Di.ps 

are consLszently to the i-cl-th ,..L. casr , t Spur  I.lour.ia;.~ Lakz, where the 

7 

:i 

12 -- 
i 13  FIGUXE 5 - NEAR H E X  
I 

the n o r t h  and e z s t ,  tut t h e y  are rjuite vzlriable. Ar Zagle Lake, d ips  

are g e n e r a l l y  s t e e p  and range  between 70C BE and 70° SW. Changes of 

9 

lo- 

1 1  

15- 1 FIGURE 6 - HEAR HER2 
. I 

d i p  are abru~t a t  Eagle L a k c ,  s u g g e 5 t i n ~  videspreaci ri2h-t chevron I 

. 
fo ld ing .  

J o i n t s  are steeply dipping  to ve r t i c a l .  F ~ L P ~ S  5, 6, a d  7 a re  

17 

: 8 

,, land Eagle Lakes are qui te  s i m i l i i r ,  w i t h  two major sets s t r i k i n g  N-. 65O 
3 

,5d N. 10° W., respectively, with ve r t i ca l  or nxr ver t ica l  d i 2 s .  The 
2 2  i 7  1 

FIGURE 7 - NEAR HERI: 

1 ,, / con tour  d isgrans  05 p ~ o l e ~ ~ p l o t ~ c d  to j o i n t s  measured a t  Spur Moun~air, ,  

,, northeastew;ly strilcinz sseT is also ? r s s e n t  at Tyee Lake, 

20- 

U. 6. GOVl.:HrVMI.NT PHIN71NC; OFFICE: 19s'. 6 )  - ' ~ 1 1 1  1 1  
c- c* 8 6 7 . 1 0 0  

Tyee, and Ea2le Lakes, respectively. The joint systems a t  Spur Mountain 



of 120 j o i ~ t s  i n  t h e  Spur 

Mountain Lake powersitc 

area 



Figure  6 

Contour diagram of poles 

of 127 j o i n t s  in tne 'i'yee 

La?x powersite area 



Figure 7 

Coi-ram diagram of poles of 

.96 j o i n t s  ir. the Eagle Lake 

powersite area 



As a . r u l e ,  j o i n t s  are l a t e r a l l y  p e r s i s t e n t ,  but widely spaced. 

observed evidence can be a t t r i b u t e d  t o  t h e  l a c k  of p e r s i s t e n t ,  
J I 

2 '  s l i ckens ides  or o t h e r  evidqnce of movement on j o i n t  faces were observed/  

3 Evidence of f a u l t i n g  i n  t h e  outcro? is  lacking.  This l a c k  of 

5 -  d i s t i n c t i v e  marker horizons or l a y e r s  and t o  t h e  heavy brush cover i n .  

6 t h e  area. ~ ~ i c r o s c a ? i c  i n d i c a t i o n s  of sirrain and movement, such as 

7 

8 

9 

undulatory e x t i n c t i o n  and granula ted  micera ls  were observed i n  t h i n  

sec t ion ,  but  this could be a p r o t o c l a s t i c  texture. .  

Linear topagrap>ic f e a t u r e s  observed on a e r i a l  photographs are 

lo- common througnout t h e  s t u d y  area.  e ear Spur MOLL-cain and Tyee L u ~ e s ,  

r i  

12 

I 
14 !wide and shox co r s ide rab le  r e l i e f ,  and Kay r ep resen t  s o l u t i o n  chanrrels i 

t h e  most obvious and p e r s i s t e n t  l ineaments p a r a l l e l  t h e  major j o i n t  

d i r e c t i o n s .  A t  Eagle Lake, t h e  most obvious and longes t  l ineaments  are 

13 

15- developed along marble beds. IT is noteworthy t h a t  some of t h e  I 

p a r a l l e l  t o  t h e  f o l i a t i o n .  Some of the iinearnents at Eagle Lake are 

1 7  ) v a l l e y  on t h e  ~ho-iographs with no apparent offset. 
I I 

16 

la  I I n  addition t o  the l i n e a n e c t s  described,  which are l o c a l  

l ineaments  a t  Eagle Lake can be traced f o r  4 o r  5 mi les  along t h e  

I., 1 s ign i f i cance  only,  segments of s e v e r a l  l incanen-ts of regional  
I I 

20- s i g n i f i c a n c e  t r a v e r s e  t h e  s tudy a r e a ,  B e l l  A r m ,  Burroughs Bay, and t h e  

71 v a l l e y  of Unuk River a r e  p a r t s  of a system of e a s t - n o r t h e ~ s t - t r e c d i n g  I 
22 

r r - l f ~ ~  asout 15 miles, and inc ludes  the upjer  v a l l e y  of Spur Mountain ~ a k e j  
< r r'-P 

lineaments which a r e  i n t e r p r e t e d  as f a u l t s  by Twenhofel a ~ a  Sainsbury 

23 

24 ' 

(1958, p.  1442). A lineament of s i m i l a r  magnirude extends para l le l  t o  

Unuk River from t h e  Hulakan River n o r t h c a s t c r l y  across  Spur Kountain 



The valley of Eagle Rive r  and Eagle Lake is a segnen-t o f  the 

>ast Range lineament,  a major l i n e a r  f e a t w e  defined by Twenhofel and 

linsbury (1958, plate 2). 



iiiydcr, Ketchikan, and :Irzngell  (Heck, 19581, b u t  no d a m a ~ e  was reported. l  

2 

3 

The nearest recorded ear thqi lake epicenters 75-100 mi l c s  west of 

the study a r e a ,  Zarthquakes uerz  f e l t  on a s i n g l e  occas ion  each a t  

5 -  

l a rges t  of which  inc lude  Chatham Strait-Lynn Canal and t h e  west coasts 

Earthquake epicenters i n  sou-cheas-iern A~,,ska and c o a s t a l  i l r i t i s h  

6 Columbia appear  t o  roughly  para l le l  majc? linear t o p o g r ~ p h i c  trends, the 

8 

10- (Twenhofel and Sainsbury, 1 9 5 8 ) .  One of t h e  major lineamen-is is t h e  I 

of Baranof, Chicha.yof, and t h e  Queen Cha r lo t t e  I s l a n d s  (St. Amand, )I 
9 

11 \ t oas t  Rangc lineament described previously.  Evidence of a recent 
I 
I 

12 pvemen t  along t h e  Coast Range l i neanen t  is l ack ing .  However, t h e  

These lineaments a re , cons ide red  t o  be *aces of a c t i v e  fault zones, 

9 
13 region as a wl-,ole seems to be-scbject t o  crustal u ~ r e s t ,  as evidenced I 

I 

14 iby pos t -P le i s tocene  u ? l i f t  (Twer,t.ofel, 1652). The u p l i f t  can be 

I 
i s -  attributed to either g l a c i a l  rebound or  t o  tectonic disturbances, 

but i n l  
I 

1s either case such ad jus tments  could be accompanied by se ismic  shocks. ~lll 

I 
1 7  beavy rigid s t r u c t u r e s  s l , o ~ l d  be locatad on bedrock and designed t o  1 

I 
ln b i t h s t a n d  moderately seve re  ear thquakes.  

24 

25 .- 
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I Spur blountain Lake Powersite I 
Topography and Drainage I 

, Spur :,;ountain Lake ( f i g .  4 )  is about 4 miles n o r t h  of the head of 

Burroughs Bay, an arm of Behm Cacal. The lake occupies a narrow bearock 

5- bas in  in a V-shaped g lac i a l  valley tkar is a "hanging valley" t r i b u t a r y  

6 /to the wider and deeper trough in which the Unuk River  f lows.  The I 

8 part, then turns abruptly southeast at t k c  hcad of t h e  lake. Va118YI 
7 

is about 6-1/2 miles ,long. Valley ~ralls show evidence of a l p i n e  

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

glzcia t ion up to an a l t i t u d e  of about 3,500 feet, 



1 Spur Mountain Lake i s  a t  an z l t i t u d e  of about 1,889 fee t ,  The l a k  

' 2 is about 1 - i / Z  in i l es  long, and averages about one-quarter  mile i n  wid th  

3 ar.d is 253 feet deep. The deepest p a r t  o f  t h e  lake is a t  a n  a l t i t u d e  
I 

4 lof 1,636 feet and about half a mile fron t h e  sourheas t  end of the lake 

5- ( f i g .  4 ) .  The o u t l e t  stream flows southwest out of t h e  lake, drops I 
6 about  190 f e e t i n  one-quarter mile t o  a small f lood p l a i n ,  turns I 
7 

10- the head of t h e  l a k e  and clrair,~ t h e  greater p a r t  of t h e  basin. The , I  

ab rup t ly  t o  r h e  southoasr, and flows i n t o  a small  pond. Below the pond 
I 

8 

9 

11 lother s t r e a m  flows i n t o  t h e  l a k e  from t h o  saurhweat,  d r a in ing  a large I 

t h e  stream drvs  abou-: 1,500 feet i n  2 miles t o  t h e  'flood plain of Unuk 
I 

River .  The l ake  is f e d  mainly by two streams, one of which flows i n t o  
I 
I 

I - 
12 ltributary val ley .  I n  add i t io r i ,  nunaruus small srreams and. r i v u l e t s  I 

I 13 flow i n  precipitous courses from t h e  v a l l e y  walls along the  lower 

two- th i rds  of tbe lake ,  Although xna stream a t  the head of t h e  l a k e  I 
15- 

t s  I The rasc rvo i r  s i t e  izcludes -ihe l a k e  and t h a t  part of t h e  upper . 1 

and some of t h e  minor strearcs kave small g l a c i e r s  at t h e i r  sources, no 

16 

17 

appreciable amount of silt was  being ca r r i ed  i n t o  the lake  in September 

1964. The drainage area of t h e  l ake  is about 1 0  square miles .  

i n  the lake level would~almost doubie the l e n g t h  of t h e  lake. I 

I 

19 

20- 

v a l l e y  which would be inundated by r a i s i n g  t h e  water l e v e l .  Because of 

t h e  flat grad ien t  of the v a l l e y  f l o o r  above the l a k e ,  a 50-foot r i s e  



--.-. 

1 The damsite is a t  r h e  o u t l e t  of 1:1z l a k e  and consists of a low 

2 northtrest- t rending bedrock ~ i d g e  o r  l i p  which  impounds t h e  lake.  The 

3 

6 I FIGURE 8 - NEAR HEFG I 

r i d g e  is breac:icd a t  t h e  o u t l e t  and a t  Lee? saddle th rough  t h e  left 

5 - 
abutment about 600 fee t  soutkeas t  of the o u t l e t  (fig. 8 ) .  Southcast o f  

< _,,' I1.S. 0 0 V E H N h l K N T  PHINTINC OFFICE 1J959 0 - 4 1 1 1 1 1  
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8 

9 

lo- 

11 

12 

t h e  saddle, the  left abutment widens t o  a broad: f l a t - t opped  h i l l .  The 

ground surface  of the r i g h t  abu~rnen t  r i s e s  e r a d u a l l y  xo ac a l t i t u d e  of 

about 2,100 f e e t ,  then  drops inro a shzilow depress ion  where it merges 

with the main valley wall ,  The r i g h t  abutment is very narrow i n  a 

northeast-southwest directio:!, aormal to trie poss ib l e  axis line of the 





The topography and underwater con-tours 3: t h e  lake b o t t o ~  i n d i c a t e  

t h a t  t k e  greztest acouot of siorage f o r  : given change i n  t h e  water 

Level would be ob ta ined  by raising t h e  water levei of the l a k e  by 

~ o n s t r u c ~ i o n  of a dam and drawizg it do~m by means of a tunnel at t h e  

3resent sur face .  (rig. 4).  This method would take advantag? o f  t h e  f l a t  

ral ley bottom above t h e  lake,  G t h h e r  ncthods would involve s imply 

Irawing the lakc down b k i a w  its srrface or a combination of t h e  two 

~e ' ihods . 
Rais ing  t h e  lake yo t h e  2,000-foot ievel trould r e s u i t  i n  a s t o r a g e  

:apacity of about 48,000 acre-feet above t h e  present  lake l eve l .  Raising 

:he water level t o  an altitude much above 2,000 fee t  would not increase 

:he sxorage capacity appreciably. A dam with a c r e s t  a l t i t u d e  01 2,000 

' e e t  would be abour 1,660 f e e t  loxg. It w ~ u i d  e s sen t i a l l y  be I n  two 

;ections on each s ide  of the 1,996-Scot kncb which r i s e s  to the east of 

:he o u t l e t .  

Another method, which would result I n  abou t  60 percent as much 

;torage capacity as the above schcnc, would be t o  build a dam w i t h  a 

: r e s t  a l t i t u d e  of 1,950 feet  and t o  rap  t h e  lake about 40  fee^ below t n e  

;u r face  a t  t h e  1,850-foot l e v e l .  This would l engthen  t h e  t u n n e l  r o u t e s  

)y several hundred fee t ,  b u t  t h e  cres-i: l e n g t h  of the dam would be 

*educed t o  about  790 feet, which would i nc lude  a 590-foot-long main dam 

.nd a 200-fooT-long dam in thc sa2dle i n  the left abutnent .  



- - -.- -- ---+ 

i Yarer from Spur  Mountair. L S K ~  col;le be diverted f o r  t h e  gene ra t i on  

2 of  power by means.of a :;urr'ace conduit down t he  val ley parallcl t o  t h e  

3 ' loutlet stream o r  by pne a£ tyo poss iL lc  zu....cl rou tus  ( f i q .  4 ) .  Becaus 

4 I the geologic problems encountered in the construction of a surfacc 

discussed.  One of the t a n n e l  +oute$ ex tends  from t h e  southeastern t i p  

5 -  

lake ,  about  1,400 feet  sou theas t  of the outlet, To,a powerhouse I 

condui t  would be of l i t t l e  significance, only t h n  t u r n e l  routes w i l l  be 

on the Unuk River shout 5,000 feet above i ts  cocf luence  with t h e  outlet I -  
9 s t ream.  The length from inta!:e t o  powertocse is aboct 11,200 feet. 

a 

lo- a n e a r - h o r i z o n t a l  grade i:: maintaiaed i n  -the t unne l ,  t h i s  would i nc lude  

11 

14 . /tunnel r o u t e  is near t h e  upper  ~ n d  of t h e  lakd and the tunnel 1"iould be 
I 

a tunnel about 7,500 feet long and a penstock a b o u t  3,700 f e e t  long.  

17 

13 

1s- I cut through Spur f:~untaii i  t ~ /  a pot~erkouse  on -the liulakon Ecivc~,  A - 

16 horizontal tu~r,clwould be about 7,200 fee t  lo r ,g ,wi th  a 2,800-fuor i 

The penstock couid be a s u r f ~ c c  condui t ,  a bur ied  c o n d u i t ,  o r  ar. 

i n c l i n e d  t unne l  w i t h , a s  incllna~ion of about 60 percent, The orher 

1 1  Ipenqtack i n c l i ~ e d  a t  aSout 60 perceE-i. The penstock could b e  one bf  I 
I .  

i n  

I'i 

?(I--  

the three  types described above. 



I 
i 

I 3~rn.s it e 

2 The longest s c i ~ i o n  of t h e  dam would be underlain by medium-graine 
I 
I 3 I hornblende biotite granod io r i t e ,  which grades loczlly to quar tz  I 

I 5- ranaes i n  development from very obscure t o  moderately pronounced. The 
I 

4 monzonite and qLartz diorite. Banding ' s  present in the rock, and it 

8 banded d i o r i t e  occur i n  the g r z n o d i o r i t ~ .  joinis cut t h e  g ranod io r i t e  I 

6 rock does not .pgir t  p ~ r a l l e l  to t h e  b a n d i r , ~ .  The b a n d i ~ g  is projably  .. 
--. 

7 p r i m a r y  flow s ' rz3 .c~xure ,  Elongat; izclusions of Fine-graizdd and finely 

r 

i The contact between t h e  g ranod io r i t e  and t h e  d i o r i t e  east of the 

st , , , ,ervals r z n g i n ~  from 2 few inches TO as much ar, 1 5  f e e t  or more. 

lo- 

1 1  

12 

?4ost of t h e  t a l u s  blocks a t  and below t h e  o u t l e t  are seve rn l  feet in 

diameter, After  removal of soil cover and collxviem, t h e  rock surface 

would be an cxcel.len'i: foucda t ion  fo r  ,any t y p e  of das.  I 

t 15- in tlie left abutment.  The contact ;cppears 20 trecd th rougn  t h e  saddle 
i 

I 16 
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o u t l e t  is e x ~ o s e d  A-: -<kc l h k e  shore near the nor th  end o< the saddle 



-... _ -__ 
' . 

-. The diorii~ is zene ra l ly  .;Inez- grained and more distinctly banded , 
t h a n  t h e  granodicr i te .  Locally, sane partings are developed in the 

1 d i o r i t e  parallel t o  t h o  banding. Separation of t h e  two rock types  i n t o  I 
mappable u n i t s  is  a r b i t r a r y ,  because t h e  diorite c o n t a i n s  a l a r g e  

percentage of i c te rbacded  coarse grcnitic rock.  T h e  s t r e n g t h  of t h e  I 1 diorite does n a t  d i f f e r  significantly f a  that of t h e  granodiorite, and 
the partings in it have i i t u l e  c o n t i n u i r y  compared to  tnc  j o i n t s  which 

1 I I cut both rock f y p e s .  Bath t h e  d i o r i t e  and granodior i te  are dense, I 
compact rocks, with  neg i ig ib le  perrnesbility except wFtere f rac tured .  

I 

, I  Narrow ~ b u t m e n t s  2nd u n f ' d i ~ o r a b l ~  or iented  j o i n t s  are factors which 

r n i ~ h z  considerably affect t h e  design and cost ~ E a a  dam, 'A careful  and 

1 conpiere subsurface sxploration shouid be made in t h e  darnsite area. The 

I two major joint sets strike at high  angles rhroui.,h the aburrr,ents, The 

joinrs are genera l ly  t i g h t  and widAy spaced, but some or' them are 

cont inuous For seve ra l  Tens of feer. Three prominent rrotckes i n  t h e  

r i g h t  abutment parallel t h e  zortheast-striking j o i n t s ,  whereas t h e  deep 

saddle i n  t h e  Left abutment and the outlet lie a long  the t r end  of 



aedrock is ct .or near t i le  s w f a c e  ;long most of' t h e  longer (wester i 
s e c t i o n . o f  t h e  p o c s ~ u l e  dam axis. The rock is a competent foundat ion  

fo r  a conc re t e  g r q v i r y  dam, which  t:ould have r;-ie base b e s t  s u i t e d  t o  I 
t h e  narrow abutments of t h e  d a n s i t e .  Thn d e p t h  and Xype o f  

unconsolidated fill in t h e  s add l e  ~ Y I  t h e  l e f c  ~butment would derernine 

t h e  type  of dam,required for ?ha shorter section.  Although bedrock is 

presenr at t h e  lakes..are at -:he upper end of t h e  saddle ,  rhe  bedrock 

surface could plunge ~ a ~ i d l y  u.?der cover away from t h e  iake, 

Subsurface explora t ion  s b ~ u l d  include core c i r i l l i ng  a t  several 

po in t s  along the possible axis.of t h e  dam. Xoles drilled a t  an  angle 

fron e i t h e r  side of t he  o u t l e t  and t h e  deep saddle would cross beneath i - 
t h e s e  fea tu res  and intersect possibie narrow buried channel d e p o s i t s  

that might be missed by v e r t i c a l  ho l e s .  The cores would i n d i c a t e  t h e  

character of t h e  bedrock a t  dep th ,  particularly t h e  f requency of j o i n t s  

and f r a c t u r e s ,  and the degree of weather ing along rkem. Core d r i l l i n g  

should be f'ollowed by pressure or u n p i n g  tests to determine the amount 

of seepage to be expected under the dam and twough t h e  abutments. h 

s i s t i v i t y  survey along t h e  possible dam axis, especially i n  t h e  deep - 

, U. Y. COVERNMLNT PHINTINC OFKICZ: 1959 0 - 5111 11 - .. 
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saddle in the left a s ~ r m c n t ,  might be used t o  supplement drilling t o  

de ternine  t h e  dep-th of the unconsolidated deposits.' 



Y ~ n n e i  Routes 

33th  tunncl 1-outes arc u n d e r l a i n  ay similar rocks and gcologic 

s I condi r ions  a re  n i : n i ~ i l ~  in so:^^ a5 tie cocstruotion and lnaintcnance of a / 
1 

4 1 tunnel is concerned (f  i?. 4).  Tko i'ocka observed along the Unuk River 

5 -  r o u t e  appear more uniforn thtn :hose slonz Hul;i!ton kiver r o u t e .  The ! 
a j fairly repre~entztive sample cx~ri:ined ic t h i n  s e c t i o n  is a gran i te  

i m  I 

6 

7 

12 irnediurn-to coars~-grained quartz o i o r i t e  OF g r a n o d i o ~ i t e .  Narrow I 

rocks along -the Unuk River r o n t e  e siiriildr t o  tbc aedium-to coarse . 

grained gra:-.,Siorite exposer? in the r i g h t  abutment of the, damsite. One 

i 
f 

1s i n t e r b a ~ d s  of dark-gray d i o r i r e  g n e i s s  are corninor. i n  tile g r a n o d i o r i t e .  

. 

rl 9 1 (adamellite)(Tabla 1, No. - 5 , ' In  gcnerol, t he  g ran i te  has  poorly 

14 .  he 50-foo-i-wlae harn~lendite zone desc~ibed  an page 27 is near  t h e  
I 
I 

is- ltunnel alignment at the cres-r of S p w  Mrjunrain. 
I 

lo -  

1 1  

16 j Because t h e  bedrock is similar . , along the  ,two tunnel r o u t e s ,  tlie 1 

4 

defined banding. Joi'zts in -i>e rock a r c  ;pac~L several  f e e t  apar t .  

The rocks along t h e  Iiulakon diver t u n n e l  route are predominantly 

I , 
1, ,choice of routes i s  based on structru*; and i-opography and possibly o t h e  

In f a c t o r s  beyond the scope of t h i s  r e p o r t ,  ;uch as accessibiiity of the  ' / 
1 .., i powerhouse and transiliiosion line r igiit-oi-trays . 

h runnel along the Rulakon River route would be under adequate 

I ,, (cover over its f u l l  lansth. It would pass near the majo- lineament a t  i 

sL ithe head of the lake but woulci no-t: r,ross the iineament. Other 

21 /lineaments obsellred a l o n g  this route are believed to be joiirt 

24 Icontrolled , 



Thc. Unuk ?Aver tunnel  r o u t e  parallels the vz l i ey  below t h e  lake 

z o u t l e t .  Along t h e  most d i r e c t r o u t e ,  t h e  t u n n e l  would come w i t h i n  a i 
few hundred f e c t  of t h e  valley well a t  a ~ o i n t  about  Y,500 fee t  from 

t h e  lake. A t  t h i s  locality s-veral strong Lineaments shown on r h c  

aer ia l  photographs para l le l  t h e  major j o i n t  set t h a t  s t r i k e s  M. 60'-70° 

E. ( f i g .  4).  Another Zineamcnt~;fnterprated possibly as a saall fault 

or shear zone s t r i k e s  about N. 20° E, In  order to avoid t h e  p o s s i b i l i t  I 
of excessive leakage from t h e  t u n n c l  a t  this locality, t h e  tunnel 

9 a l i g n m e n t  might be st i i i ted s l i g h t l y  eais-i, or a rcinforccd l i n i n g  might 1 i 
lo -  Ibe used in this p-zr of xho :-.:.lsl. Ot::orwise,  ;ei ther t u n n c l  would 

11 r e q u i r e  a lining except to p ~ o v i d e  Tor a stnoother h y d r a u l i c  flow. i I 

1 l7 1 30th runneis wouia be Lziven from points where ~ i b u t a r y  s t r e ams  

13 e n t e r  the  l a k e .  The streains have buil-2 small deltas into the lake, and i 
I 14 !some provision would h a +  to be made to prevent  t h e  coarser sediments 1 I 

1s-- 1 t h a t  nre  carried into t h e  loke ivorn c n ~ a r r i n g  t h o  runne l  if i take. Axother I 
source of s e d i n e n t  whicn mightl affect  t h e  i n t a k e  of t h e  Ilulalcon River 



. ? : . a ~ s e  Si tes  

Nei ther  of rhc po:.;erk,cuse sires was examined. 'No evidence was see 

on t h e  ae r i a l  pk~orugrzphs  tc i c L i c a t ~  a significant difference i n  bedro k 4 

/ ~:orthcrnmast s i d e  chsnnel of  6-13 river, A t  xhel~ulakon River site, I 

4 
l i t h o l o g y  from rocks elsewhere i n  t h e  area,  A t  ~ n e  Unuk River  s i t e ,  

the river at  The base of t h e  ~ ; i L c y  wall in order to have a bedrock 

5 -  ti:e po~~ernouse c ~ u l d  be hilt on Sedroclc near t h e  water's edge on the 
I 

' 

I foundation. Because of thc F i a t n e s s  of r h e  valley f loor ,  t h i s  would 

lo- j cot e n t a i l  a significant loss of hciid. 
I 

the powerhouse would have t o  be bi.1i2t s e v e r a l  hundred f ee t  back from 

kese rvo i r  s i t e  

The rocks exposed arocnd -~:;e r e s e r v o 2 ~  site are predominantly 
.% 

13 lJeranodiorite o r  quartz d io r i t e .  The d i o r i t e  zone which t r e n d s  through I 

I 15-r7ithology on the northwest s>o.rr: of the  lake,  Diorite, grading t o  
1 I '  

l4 the l e f t  abutment of t h e  dansite can be correlated with rocks of simila i 

19 granod io r i t c  i n t r u s i v e  rocx il-ic. 4 ; . Except for the dansif e area, 

16 

l7 

20- si g n i f i c a n t  water.losses from t h c  reservoir  would be unlikely,  The I 

h o ~ n b 1 e n r i i . t ~ ~  crops out on t h e  southvrest snore of the '  l a k e  about 4,000 

feet  from t h e  ~ u ~ ; c t .  

1 8 *  I The r e se rvo i -  site is a rock bas in  carved in massive, impervious 

21 

22 

slopes above t h e  l a k e  are s teep ,  xi; no svidence of large-scale 

l ands l ides ,  rockf;llls, or sr.o:.r asrc.ianches was observed. It is unl i ;<e ly  

23 
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t h a t  r a i s i r . ~  the water l e v e l  by 50 o r  100 feet will cause  any change i n  
:5 

24 ' 
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the s r a b i i i t y  of thc slopes. 



Zonctruction materials 

S u r f i c i a l  depos i t s  u n d e r l y i n ~  t h e  a l l u v i a l  ?lain above t h e  head of 
I 

3 l Spur :iountain Lake a x  t h e  nearest  iarge source of cons t ruc t ion  

7 /around the lake, and t h e y  should make good coarse aggrega te ,  A more 
I I 

4 materials to t h e  damsite. These deposits c o n s i s t  of beds or lenses of 

I 
;limited supply- of fine to coxrsc a g ~ ~ c ~ a t e  cau ld  be obta ined  from t h e  
I 

5 -  

9 flood plain immediately above the small pond below the outlet. Clean i 

g r a v e l ,  s a d ,  and p o s s i b l y  Sucic g lac ia l  silt. The gravels consist of 

"cobbles and pebbles of i n t r u s i v e  ~ o c k  similar to the bedrock exposed 

1 1  I stream netr the head of t h e  iake.  Large a.ngular b locks  of i n ~ r u s i v e  
I I 

] I ) - - -  

I:! rock s u i t a b l e  for r i p r a p  are in any of t h e  taias deposits around t h e  i i 

g r a v e l  nay be oStaii?ed from t h e  small delta hilt by t h e  l a rge  t r i b u t a r  i 



8 .  - -, > 
. , L ~  Lake powersj te  

m i l e ;  long and has a maximum w i d t h  of 2,30C feet and s u ~ f a c e  area of I 

2 

3 

=-  

' i 'opqraphy and drainage 

Tyee Lake is about 1-1 /2  ziles due souzh of t h e  head of Bradfield 

Canal at thc lower end of a norrhwest-trecding g lac i a l  valley which 

extends 6 miles abovc-: t h e  lake ~ ~ ~ , i . r  ( f i g .  3 1 ,  The l ~ k e  is about 2-1/4 

7 

gorge, turr .s  n o r t h t f ~ e s t  about 2',300 f ee t  from t h e  o u t l e t ,  and continues 

approximately 425 acres. The.surface of the l a k e  tras a t e i n ,  a l t i t u d e  of 
4 

1,387 5ee.t- on  J u l y  2c, 1963, and t h e  lowest p a r t  of the lalie Lotton is. 

10- 

12 (northwest t o  i t s  i n t e r s e c t i o n  w i t h  iiidden Creek. From Hidden Creek it I 

a t  ac a l t i t u d e  of less rhan 1,960 feet. Tyec Lake is dra ined  by Tyee 

Creek. The creek flows -or?!; out of t k i ?  lake t k o u g i ~  a tcdl7 r.arrow 

14 area of 7yae Lake covers about 1Q o r  1 5  square  mi ies .  A l a r g e  s t ream I 
13 

the upper end of t h e  iake  and xwo smalltxi. t r i b u t a r i e s  flow 

16 into the lake  fron t h e  no r theas t  and southwest, respectively. Three  

flo.uts nor th-nor theas t  into a slougtf of B ~ z d f i e l d  Canal. The drainag'e 

18. h o t  c o n t r i b u t e  much silt t o  thr lake bacausc the watep was clear. 

17 small glaciers lie wi th in  the drlainage bzsifi, but t h e y  apparently cia 1 



I -  According to a r c ~ o r t  af t h e  Fcderai Powcr Commission ( 1 9 4 7 , ~ .  61) 1 
3 

I 
B plater surface, o r  by ;* combination of t h z  two methods. The water could 

I 

complete r egu la t ion  of t h e  d i scha rge  of 'i'yee 1;ake (estimated 182 cbf .s.) 
-' 

6 about 1,510 f e c t  x i t h  a ,  darr: a t  the cutlet of t h e  l a k e ,  by drawin); t h e  

4 i wauld require storage of 72,000 a c ~ e - f e e t  o f  water. T h i s  s torage 

capacity could  be z'cti.,incd Sv rais inc tile wate r  levcl t o  an a l t i t u d e  of 

7 

10- I ~ v e e  Creek by a tunnel t ~ ~ i t h  its i n t a k e  on the nor rh  shore of Tyee Lake. 
I a 

1 1 1  1Tho Federal Power Comrni~sio:~ (1947) 'meiltions ari ixc l ined i u m e l  x i t h  a 

lake down to 1,160 f z c  by i,:c?ans of a tunnel 227 fee t  below the present  

9 

I 

20 perter.? ~ r a d e  but suqgest:, -..ST a h o r i z o n t a l  t u n n c i  e r i - i a  an  inclined I 

be conveyed to a pow~rhousz sirs on Bradfield Canal near t h e  mouth of 

- I 

1 3  Jpenstoc~ would cast less . ro  1 The :location .:,?the i n i a k e  would 1 
14  !deoend or whether or cot l.1:~ lake is to be i.rawn :om below its normal 

I I 
I 15- I l e v e l .  The shortest -tunac2.-~~r,sroclc r o ~ t e  crould extend fro:l a p o i z t  

i 

I -. 
16 inear t h e  outlet oc t h e  lakc :io~t;: 'LO t h e  powerhouse site. riowever, to 

1 

I 1, / i n s u r e  sufticicnt rack cover i:? the dra-: ahout 1,1100 feet r.orth of t h e  
I 

23 i n t a k e  would have to bc a t  leas t  2,200 f e e t  cast  of t h e  lake o u t l e t  to i 

18 

, ,  

20- 

,, 

I 

2.r reach thc required dcp th .  Thi.: ::auld p k c e  rhe  , j .ntake almost .L:r.der t h e  

I ccntcr of t h e  lake, and would resul t :  in a tunnel about 5,6GO feet long 
L? - Lh .q ~ ~ f j o o O f n o +  ?,3~3&pk~ 

P p, 
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outlet, the route should pass east of r h c  1,500-foot contour in the 
1 I 

draw, (fig, 3 ) ,  Ti,is would $zce the irieake about -1,100 f ee t  east of 

the outlct. Assuming 2 horizontal tunnel at the presen t  water l e v e l ,  

t h e  t u n n e l  5rould be about Q,800 feet long w i t h  an 1,800-foot penstock. 

I i In ordcr  -,o deve lcn  .the s.tcrs;e by c;raxdown alone, t h e  tu i ine l  
1 



{ A;E .. . .  xrwesr consTrlct lon in t::e serge of 'lyee Creck  is between 

3 

4 

100 and 150 'Feet north of' t h e  lake o u x l e t ,  as shotrn along alignment 

A-AT (f iy, 9). Eioi.scver, a Zreayer w i d t h  of bcdrock is exposed 150-200 

6 FIGURE 9 - SEAR KERE 

1 

i 
I 

14 'feet above the surfacc of Tyee Creek. Along ii1ie;nmen.t B-a', tne length I 

would be 332 feet and t h e  cres?: 1-roulc! bc aL0u-L; 102 feet above t h e  

H 

9 

10- 

i i  

12 

13 

I ,, ,surface of t h e  creek. The s i t e  is well su i t ed  topographically for an 1 
I 

f e e t  f u r t h e r  downstream, near alignment B - 3 ' ,  The exact locarion and 

type of dam wou1.d l a r g e l y  de?er,i;';n -cne d e p r h  and permeabi l i ty  of the 

fill which underlies the E l o o ~  of the gorge, bu t  r h e  a x i s  would 

undoubtedly f a l l  somewhere between a l ignzan t s  A-A' and 3-Er (fig. 6). 

At the 1,510-foot a l t i t u d e ,  the Icn;r,ril 02 the cresrline or c . l ~ r d  of the 

darn would be 283 feet slon? slignne~t A-A', and it would be about 144 i 

a rch  or graviry-zrch dam, which ~.!ould "occupy most of the area b e a e e n  I I 
t h e  two a l i . ~nnen t s  . i ! 

I 



I I 
i 

;,edroc'; j.1; 1;~eh ahu.:---,,-.-'-- 1 I L...L,.:L;; C O : ~ S ~ S ~ S  of coarse-grained biotite 
I 0 

2 .I hornblende ~ - u a r t z  diorite. The qusr;z d i o r i t e  sample descr ibed  in 
I 

I 3  able 1 (lac. 5,  f i q .  9) ,  i s  r ~ p ~ c s c n t a i i v e  of -che bedrock n t  the 1 
I 

absve and bclotr t h e  dans i t e .  Th:: . _ L P - ~ , *  , * i o r i t e .  is cut by i r r e g u l a r  I 
4 

6 '~e:rr.ati-te v e i n s  and d i k e s  frc: 1 / 2  t o  6 inches t h i c k .  Well-defined 1 

dznsite and in the axposurcs for sever21 11undrcL feet along Tyee Creek I 
I 

I m l i t e  d i k e s  as  much as 2 Sce t  t h k k  cut t k e  quar tz  d i o r i t e .  The two 
1 .  I 

. s 

9 

10- 

I 13 the rock is cut by many randomly o r i e n t e d  j o i n t s  sand i r reeular  fracture 

largest d i k e s  observed are shown oL t h e  , ~ e o l o g i c  map ( f i g .  9). The 

dikes are composed of some o r  a l l  of t h e  xiceral c o n s t i t u e n t s  of t h e  

quartz diorite but in differczi-t: y r ~ ? o r t i o n s .  ?'kc d i k e s  do not d i f f e r  

1 1  isignificantly from the q u a ~ t z  e i o r i t e  i n  foundation p r o p e r t i e s .  

1 4  lbut on ly  those belonsing to fhe major joinr  sots p e r s i s t .  Althougn 

1 
15-- some of these can be traced f m m  Toy) tc botto;n of thc bedrock exposures 

/ I 

17 

1 l6 : i n  the canyon walls, the major joints s t r i k e  nearly nornal t o  t h e  
I I 

?- 7 :nc quartz d i o r i t e  is massive ana structureless. In both abutment 

I 

iabutments and have stecp or v e r t i c a l  d i p s .  

I 

I I 



The channel sectioc of zne damsite i s  covered by l a r g e  angular  

blocks of talus, The rhickness of this deposit can be determined only  

bv b i l l i n g  o r  bu gcoy.hysicr;l rr,er?.ods. S r r a i g h t - l i c e  projccrions of 

the bedrock walls i n t o  t h e  subsu r f ace  i n d i c a t e  a poss ib le  d e p t h  of 

near ly  200 feet  along alignnec.i  A-At  and over 100 i e e t  a long  alignment 

3-5' (fiy, 9) .  , Depths greatel- ?;ban t h i s  are poss ib l e  if  t h e  gorge is  

eroded a i o n ~ :  a fault or shear zone, In this case, a deep stream channe 

t h a t  is filled ~ ~ i - z h  stream z r a v z l  ar,d t a l u s  nay be present, Although n 

evidence of shear ing  or  c ru sh ing  was observed i n  t h e  outcrops  i n  t h e  

The chamel section i s ' 5 i l l e d  w i t h  coarse ancular  m a t e r i a l  t o  a n  

1. ,xnknown depth. The f i l l  may be too  pernzahlc t o  hold g r o u t  o r  other 

10.- a b u t m e n t s ,  tile gorgc does  ::a.; pa?~a l i c l  &ny of t h e  kfiown sets of j o i n t s ,  

11 * and t h e  t a l u s  deposit i s  v i d e  enough t o  cover a f a u l t  zone. 
* ' 

i 

20.- ( t reatment ,  r e q u i r i n g  complete removal. of t h a  material p r i o r  t o  

17 

13 

14 

In summary, t h e  abutments 02 -L,.G cramsite are '  canposed of competent, 

massive unweathered q u a r t z  d i o r i t e  which is capab l e  of wsuppor-ting any 

size or  type of dam. Tne attitudes of the p e r s i s t e n t  j o i n t s  i n  t h e  

2 2  ktould be sore cosrly ti;ar. a lor?zer tunnel, it night be preferable t o  

1s.-,abutments are parallel o-r a t  low ang les  t o  t h e  axis  of t h e  dam. The 

1 16, joints are s e n e r a l l y  wide-spaced and tight, and s e r i o u s  leakage o r  

1.7 lmovenent along t h e  j o i n t s  is ui l l ikely.  
I 

I 
71 

c j  cievelop t h e  required amount ol' storage by drawing the lake down below I 

cons t ruc t ion  of the dam. If t h e  depth  of t h e  f i l l  is  such t h a t  removal  



I 
Tunnzl Rrutes 

Two tunnel-penstock routes ;:-c shown f i g i r e  3. These covein The 

ltwo poss ib l e  extrencs of developinr stc-;ge by r a i s i n g  rha  lake alone / 
or by dra t~dovn  alone. A t u n ~ e l  route for  utilizing storage developed 

icy a combination of the two would fall between them. 'North of -inc draw,l 

Il,800 i e e r  north of  t h e  l a k e  o u t l e t ,  i i .2  two P O Y ~ B S  would bc tile same 

lexcent f o r  t h e  difference i n  altitude. I 
The tannel r o u t e s  aye uxde r i a in  by granod 

hornblendirc and quaqtz d io r i t c .  The pens tock  

quartz d i o r i t e .  

i o r i z e ,  i n j e c t i o n  ~ n c i s s ,  

rou te  is unde r l a in  bv 



i Both. tunne1 in t akes  would be located i n  massive granodiorite. The ' 
! i 

2 1 r o c k  is unweathered and generally shows poor banding. Ps r r ing  does nori 
I 

> I 
3 1 occur along t h o  Sanding.  The sample doscl-ibed from l o c a l i t y  7 ( f i g .  3) i 

I 4 / is representative of t h e  g r a n o d i o r i t e ,  A tunnel cut in t h i s  rock  would^ 
I - 1  not  require l i n i n g .  Injection gneiss  crops out along t h e  crest of t he  1 

6 j ridge directly , n o r t h  of the t unne l .  in take .  The longer  t u n n e l  would 
I 

I I 
9 1 v:ould reach t h e  i n j e c t i o n  g n e i s s ' x i t h i n  300 f e e t  and would be in t h e  

i ' l o - I  gneiss for about 2,400 feet. The gneiss is  d i s t i n c t l y  banded w i t h  

I ' 

7 

I 
i 

1 1  / local o a r t i n 3  p a r a l l e l  t o  t h e  Landing. Because t h e  handing o r d i n a r i l y  , 

probably i n t e r c e ~ t  t h e  injectioil gneiss u i t h i n  700 feet of the intake 1 

I 
I 

I 
i 2  1 s t r i k e s  at hizL, angles to t h e  t unne i  a l i p n m e n t s  and has  s-ceep dips, 1 

I 
I 

13 I such p a r t i n g  should not  cause 2r.y d i f f i c u l t y  in t h e  cons t ruc t ion  or  
1 

! 
8 and p e n e t r a t e - t h i s  :*ock typ2 fc/? about: 2,600 feet.  The shor t  tunnel 

I I 

i'. rraintenance o f  t h e  un l ined  tunne l .  About 2,400 feet north of the lake 

1 
' i s - - ;  and on the crest of thc second ricge beaween Tyee Lake and b rau i i e ld  A 

i 
;6 Cansl, the t unne l  r o u t e s  a re ,undcr l_a in  by ncdium-to coarse-graiced 

I 
I r  hornb lend i t e  which is con~osed n ~ i n l ;  of hornblende and about 5 t o  1 0  1 

I 
- 1  

l r  percent  andesine,  The ho rnb lend i t e  is c u t  by t h i c k  i~r ' regular  peerni?;ite~ 

1 !veins and d ikes .  The h o r n b i z r i ~ i r e  grades ~otrard the n o r t h e a s t  into a : 
I 

z l i " - i  medium-grained g r a n o d i o r i t e  which may u n d e r l i e  a s h o r t  segment of t h e -  ' 
I 1 

1 
-1  tunnel r o u t e s ,  The northornmost 1,100 to 1,200 feet of the t u n n e l  

I 

routes axd the r o u t e  ere ;in qua r t z  d i o r i t e  similar t o  t h a t  1 
I 

23 exoosed a t  the dan1si7c. I - 



I 
1 1  The 5oixrts alon!{ t t l ;  ;:l;ilncl 2nd a-?rls?ock ~..l;u;ics are  gcilerallg: 

1 
. 2  ' t i ~ h t  sfid w i d e  spaced. An e x m i n a t i o n  of t h e  aer ia l  .;hoton,rnphs 

I 
I 

3 inZicates t h a t  the tunnel m u t e s  CPJCZ .:I.IO ~ . ~ i i  clcfificd li~siilents. One 1 
I 

4 jof these follows an extension of the  west-northwest-?rending draw 1,800 
1 

i 

i 5-,feet north of the o u t l e t  of Tyee Lalie, The o t h e r  l ineament  is  a shal loy  

0 idenression along t h e  crcst of r-: r i d g e  &out  2,800 feet  north of the 1 
I 

o u t l e t  (fig. 3 ) . These features are parailel to the northwest-striking 1 
i 

,set of joints znd are p ~ o L ~ b l y  due t o  close-spaced Sainting. No 
I I 
ievidenoe of f i iu l t inp ,  was observed in the outcrop along the t u n n e l  r o u t e s .  

I 
I 
I 

lo-  However, the lineanenrs do represen-c lines of kh4iakness,  and the tunnel 1 
I 

11 ]may r e q u i r e  a r e in fo rced  lining wnere ir  crosses t h e n ,  parr iculsr ly  t h e j  
I 

17 lone i n  the draw, where rosnd cover is at a nin iaun .  I 

I 
13 1 The penstock r o u t c ' i s  normal t o  t h e  s lopc  of t h e  ridge, which 

I 

I 
I I 

l e a v e r a g e s  abour 80 percent. This orientation would pressnt the l e a s t  / 

:;- possible e::posurc to avalaaches, -ocks l ides ,  or rockfal ls .  Such hazards 
I 

16 cznnot be completely eliminated, however, and t h e  cost of consrruc-tion I 

i 
. /  of an i nc l i ned  f u n n e l  or a buricc condui t  should be wei,?hed against  that1 

I 
- 1  

1 ;3f repa i r  and maintenance of an above-ground psnstock.  
I 

I 

Powerhouse site 

I 
A relatively flat area located immediately c z s t  of t h e  mouth of , 

. I 

z i  /Tyee Creek would make a su i t ab l e  site for a p o ~ e r h o u s e  if it is f i rs t  ; 

2 2  / s t r ipoed  of the large Sloc!:s 02 bedrock which have accumulated at the , 

I 

2 3  ;base of t h e  steep slope above the! s 2 - t ~ .  The bedrock surface u x d e r l i e s  
i I 

I 

d! ;  the colluvium nesr  warcr l cve i .  

I ' 5 . .  
' I-- -- 

I 
I 

J 



1 
i G I  The bedrock is quartz d i o r i t c  t h a t  is s ix i l a r  in l i t h o l o g y  to 

I 
I 

1 
2 jhcdrock at the damsite, and it: vtould be a competent f o ~ n d a t i o n  for a 1 

I i 
1 I large ~ f r U C i w E .  Most 05 tFf unconsol idated material overlying bedrock  1 
! I 

I 
! a t  the base of the slope is covared by several years' growth of moss I 
I 

3 -  and :lo recent a v a l a n c ; ~ ~  o r  slide scars ar; in evidence. However, 
I 

because of' the .steep slopc,  t h e  powerhcuse should be d e s i g n e d  and I 
7 / s i t u a t e d  to minimize t h e  threat from t h i s  hzzard. 1 

I I 
I 

li ! Kcservoi~ s i t e  I 
9 1 Tyee Lake lies i n  a cock basin surrounded and underlain by dense I 

I 1 
10- ' and impereezble iqneous mil. ;;.ztarn~r?hic rocks (fig . 3 ) .  Leakage from ~ 

I 
I 

i l  ) t h e  reservoir could occur only near t h e  ou t l e t  by drainage th rough  t h e  I 
I I 

I 
1:' talus i n  t h e  gorge of Tyee L;.~c!c or t h r o u q h  surficial dcpos i t s  in the ! 

l 3  deep saddle which trcnd.s northrzrest from i-l~e outlet. The saddle is a t  1 
I 

14 + j an a l t i t u d e  of 1,580-1,500 feet and is probably a former o u t l e t  of the 
1 
! 

1s . , lake. If the lake is to t e  ra i sed  mare t i ian 100  f ce t ,  t h e  saddle 

I 
16 should be ex?lored by geoph,ysical methods or by d r i l l i ~ g  to detemine 

I 

A /  t h e  depth of s u r f  ici-1 material. It is poss ib l e  that a deep buried 

ib ctream c h a n n e l  u n d e r l i e s  t h e  talus. 
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>!,-J i;lti< +. - p;l.ij.,3~,~.:>yi .... or ;:,:xc?nt i<j.~.r.;:: l a n d s l i d e s ,  r n c k f a l l s ,  or snow 

ava].znches ape cvj.dont ;?roan2 t';-:c -~zervc;L... .ii-tc. A c l i F f  that i s  

1,300 f ec t  h i g h  ~ i s e s  almos-t vertically above the water surface at a I 
po in t  ahout 2 miles s o u t h e i s i  o: ;ha outlet. Si;ii;ie rockfal ' ls  involvin4 

I 
masses large enough ro cause danzerous ?raves seem unlikely because the 1 
most persistcnt j o i n t s  t r a d  ~ o r a a l  o r  zr h i g h  znples to t h e  face of 

t h e  cliff. However, ~ ~ i : j i ~ g  r h z  watcr levei  by 100-150 feet could 

affect the stability of t h c  t s l u s  dopos i t  near the fooi GT the cliff 

and cause rockfalls. T?,e oossiSil<tjr  of c jve~togping  waves should be 

c o n s i d e ~ e d  i n  t h e  desiqn of the can. 

Ccnstructioc Naterials 

S i g n i c i c a n t  a u a n t i t i e s  of sand afi3 gravel are not available at the 

o u t l e t  of Tyee Lake, The  nebarest somce of supply of coarse to fine 

aggregate i n  s i cz i r i can t  a u a n t i r v  is in t h z  aliuvial p l a i n  at the head 

of the l a k e  ( f i g .  3 )  wnerc be ts  or lenses  of clcan sand and gravel may 

occur. The  c o n s t r u c t i ~ a  of cL iqoad around t h c  lake would be i r ;~p rac t i ca l  

because o f  t h e  steep slopes, but it mzy be possible to move the 

materials Gown t h e  l a k e  t o  t h e  damsite  by barge. A g g r c ~ a t e  could be 

manufactured &om t h e  bedrocii o r  t a l u s  d e p o s i t s  ne.r t h o  o u t l e r  or it I 
could be hauled t o  t h e  s i t e  tron t h e  a l l u v i a l  p l a i n  a t  the head of 

Braafield Canal. The bedrock a t  t h e  o u t l e t  would make excellent 



Eagle Lake Pokrc~sitc  

Youopa~hy and Grainage 

Eagle Lnkc Lies a t  t h c  soi;tk e-? o: 2 co:-rh-northwest-trendin5 

g l a c i a l  vallCy betwecl Jell / i r r i  dnd bchn Canal and Bradfield Canal (fig 

1). Thc upper  end of Eagle Lakc is s;i-iilin 3 - 1 / 2  n i l c s  ui' ~$211 Arm ar,d 

is separated f r y  it by, z low divide. ITowever , t h e  l a k e  d r a i n s  no~tE1 

t? : rou~;h ZagLe R i v c r .  to 5:>;td:Fj.eli~ 2ma1, c!hich i;; about  9 miles from t h e  

o u t l e t  of t h e  Lalcc, The ware2 s u r f a c e  a l t i tuc le  of L;;ii:le Lake was 296.5 

fee-t: on J u l y  26, 196:. Eaele Lake is about L+ miles long and hiis a n  I 
averaye width of about 2,530 fee t  (.?i~. 2 ) .  Tb<: surface area of the I 
l a k e  i s  aboiit 1,100 acres. !- silallef lzke approximately 3,500 f ee t  1 
long and I.css t h ~ n  1,000 fck t  wid; I:: GT. ~ ~ * ; 1 l i 3  River n e a r l y  2-1/2 miles I 
belots the outlc-t of Eagl.? Lake. 'i'his I.akc: is here refcmed to as Littl 

Eagle Lake. The water surface a l t i t u d e  of.LittLe Eagle Lake was 244.7 

1 5 -  (feet  on July 26, 1964. &cause o f  t h e  r e l i i t i v c i y  z n a l l  d i f ference  in I 
a l t i t u d e  between t h e  two lzkes, a amssible dansi te  below the o u t l e t  of I 
jLi t t ic  E a ~ l e  Lakc w&s also examirLed briefly. The drainage h a s i n  ahovc 
I 
the outlet of Eaplc Lake is 26-27 squarc miles. The h e i , ~ h t  of t h e  I 

w a t e r  i e v c l  of tlhc .,,srvoir would be liini-red by the saddles '  whicn  cut 

*~ 

t h e  d i v i d e  between Caprle Laice and Bei.1 Arm. The divide is a low bedrock1 

r i d g e  w i t h  an a l t i t u d e  o f  1120 fcet whicn  is c u t  by as.many as four ! 
s a d d l e s  with a l t i t u d e s  rang ing  between 360 znd 380 fcet. 



I 
- : 

1 I The maxi~num relief in the dra inage  area is about 4,600 feet. Most 
I . 4  

I 
, - 

2 . .o2 the water flowing into Eagle Lake and Eagle River is obtained from 1 .  
1 i I 

I I i 

irhe 

I 
1 f i ve  large l a t e r a l  :rib\;tzrics which eil'cer tile main val ley   fro^ t h e ,  
i 
1 : southcrest and northeast. 

! 

I 
I 

I 

1 The s t o r a ~ e  ca,;city and drainage area f o r  a reservoir i n c l u c i n g  
I 

: 1 
all the drair.ag:e area a ~ a v d  L i t t l e  Eaflc Lake would be 60-70 percent  I 
greater than one which takes  i n  oniy the bas in  of Eagle Lake. 

Presumably, the runoff would be increased ~roportionzlly, and the  water 

level required for regulation wouia be about the same f o r  both sites. 

I 
I I 



Eagle Lake damsite 

I 
I 

2 .  The darnsitc at i:a~,ie Lake is i*t tLc:  naprow c o n s t r i c t i o n  i n  the 

j i 

3 valley of Eagle, River about 1,520 f ee t  below t'ne out1e.t: 01' the Is& 

I 4 fig. 0 .  The right abutment is part o5 -the r:>air. valley wall and rises i 

I 6 i FIGURE LO- KZAR HERE 
I I 
1 7 

I 
I 
! 
I 

a /from the watcr l e v ~ i  with z unifoh slope of about 30°. The l e f t  1 
I 

9 abutment is part of a broa2 r i i g e  whici.  r x t cnds  f o r  soma d i s t a n c e  from 

1 I 
l o - i t h e  main v a l l e y  wall, The r idge  is s.;~~r;our,xed by two la rge  qlaciated , 

I 
11 1 knobs and several smaller ones which arc  more o r  less elongated parallel 

I 
I 

12 t o  t h e  main val ley .  The r i d g e  is  a11 ext~nsion of the spur  formed at 

I : j  )the i n t e r s e c t i o n  of t h e  main glacier of rh; Lagle River v a l l e y  with the: 
, I 

1 I 
14 I p.lacier which occupied the lalqge t r i b u t a r y  vallcy west 05 t h e  ou-clet .  I 

I 

! .o- The area i s s  covered by r h e  Coi.:liilsran ice  sheet i n  late Pleis-ioccne i 
1 I 

i ! 
l o  time (CouZter and otners,  1965,). The ice apparently flowed sou-khward 

I 
I 

. I  afid t h e  d i v i d e  a t t h e  haad  of Zagle Lake appears to have b c a i  o v e r r i d h i  
1 I 

i : ,  , b y  " c h e  ice at t h a t  time. The divide is similar :o the bedrock lip I 
i which charzcterize~ r h e  outlet ends of many glacial v-lleys in 

I 

. - southeas tern  Alaska. The subsequent revers51 in t h e  direction of I 

drainage could be a t t r ibu ted  to la ter  modification by a l p i n e  glacia t ion,  

tilt in^ of t h e  l and  curface duc ~c r cc ton ic  disturbances, o r  

I d i f f c r e n t i a L  adjustment of thc l a sd  surface r e s u l t i n g  from t h e  removal. 

. :  of t h e  i c e  load. 
I 

25 - I 

I 1 - -. -- -- I 
-1 

1 
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! 
I A dam s l i p n e n t  with a crest altitude of 1100 feet would have a I ,  

! 
I . 2 . i  C P ~ S I :  lcn,qth of about i ! . sd  3cet.  The w a t e ~  surface a l t i t u d e  of Eagle i 

! s River at t h i s  l o c a l i t y  i s  286 feet, about 13 Eosf lower t han  the surface! 

i 
i. of Eagle Lake. 

. I 

5 -  1 Bedrock is exposcd along :he west s i d e  of the river and in t h e  

I .  
I kno3s above t h e  lefr ~ b u t ~ e n t .  The areas bethieen rock ourcrops on t h e  / 
I 
1 

I left abutment ere  coverod w i t h  a s o i l  mantle i o n t a i n i n g  a growth of thid 
4 l 

a b r u s h  and muskeg. The soii cover may be as much az 10 feet T h i c k .  The 1 . 

I 
9 riql-it abutment is heavily troociled znd tbAe ur,cierLruslL is very  dense. The I 

I 
I 

10,- :only bedpoc:.. exposnres on the r i . q h t  alut::en"irre in rlie bottoms of I I 

! 
1 

1 1  cullies and small tributaries'flowinz fnto Eagle .River, Judging from 
I 

I I 
1 2  I t h e  de?-,rh of the gullies, the soil cove- ~ , : d  calluvium is probably less j -- 

1.5 ' t h a n  10 feet t h i c k ,  



I 
I 

I :PC:: Sedrock i.;: ~ b , r :  1r.f: c .butnent is medim-grained gs rne t i f e rous  

t / b i o t i t e  gneiss.  Samples Eroi,~ l oca l i t i e ;  .i i.nd 1 0  ( f i g .  10) were taken 1 

I 4 1 coontin k y a n i t e  and a izrge percentage of garnet .  i(odrock dxposcd near 1 
3' 

water level in t h e  left Sank of the r i v e r  above and below t h e  damsite 

~ P O E  t h e  l e f t  abutment. These rocks &re d i . s ~ i c c t i v e  in that t hey  

is sinilar megascopically to She tq7o samples described. There  are few 

exaosures of b z d r o c ~  13 -ciAe right ar~utment.  .The sample from locality 

11 (fig. 10) is medium-grained biozlte-hornblende gne iss ic  quartz 

d i o r i t e .  The f o l i ~ t ~ i o n  i n  this sample is less d i s t i n c t  and t h e  

fissility less t < f c l L  developed than  i n  the b i o t i t e  gneiss of t h e  left 

abutment, Bedrock cxvoscd 1 ,500 fect downstream an2 on s t r i k e  with 

locality 11 is similar megascowicslly, Because af t h e  pauc i ty  of 

exposures along t h e  rig?:: abut;nent, no a t t empt  has been made to 

separate The bedrock i n t o  the map units as aescr ibed .  More d e t a i l e d  

rnacping, subsurface sampling,  and morc comprehensive thin section 
I 

16 studies could provide a basis for doin? so.  1 
I7 I I iilt'noilgil t k e  k i o t i t c  g n c i s s  a?pears to be s l i g h t l y  mop< susckp t ib lq  

1 

i a  (to wcnthcring that t h e  q u a r t z  ~ i o r i t e ,  t h e  l i t h o l o c i c  d i f fo rcnccs  

I t?,ese ,ypes.are n o i  likely to affect foundation properties.; 
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I I 

. , I 
-.. I 

1 ! L a ~ l e  River bas elmdad 2 chznnel aloni;, t h e  f o l i a t i o n  i n  t h e  gneiss 1 1 
2 ,  Consequently, Iissiiity L:: -:l.e bedrock would prbvide t h e  shortest path  I 
3 /of peeroia t ion  of w a t m  jassicg under -,-!,Q dam o r  through t h e  abutments. 

I ! 
 foliation p l a n e s  a t  t h c  surface are o p i n  enough to allow weather ing  t o  ! 
I 

5 -- I some depth in f hc rock ,  but if is probable  that weathering penetra tes  i 
1 1 I 

I 6 , lonly a few fecq below the su-face. Bedrock is orcosed along t h e  banks / 
I I 

7 :of t h e  Eaqle Rive7 a t  places aisovk and beiow t h e  damsite. The presence 1 
I 
I I 

8 /of a deep a l luvium-f i l led  channel  b e n e ~ ~ l i  t h e  swrcarn bed'seens 

9 J~!owevcr, the p o s s i b i l i t y  that Eagle River has eroded a chaiixcl zlong a 

I I 
10- /marble in terbed  cannot bk ruld ou;;. . I T  rhis is  t h e  case, a ~ e e p  1 

i 
' 

s o l u t i o n  channel may u n d c r l i c  ,he strcan. i 
I I 

I I I 
12 j The major j o i n t  s e t  s t r i k e s  at an angle of about 50° w i t h  the I 

! 1 

I I 
is /proposed axis  of t h e  dam. The second join-c s e t  is subparallel t o  t h i s  I 

I i 
I 

'"axis. The j o i n t s  are ~ i g h t  and tkc l o s s  of water by leakage along I 
- 1 joints would be minim-1. 
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1 Avalanche scars oi varyin!: Freshness  o c c w  at several placcs &long 

2 t h e  va l l ey  of Eagle Kiver. One avzlanche, cn t h e  left s i d e  of t h e  

r lphotoeraDhs were made (1948). Thz avalanche:, do not appczr t o  involve 1 
3 

I 

masses of f r e s h  roc2 Lut are prauably composed ir.ostly of loose 

valley aboat 4,500 f ee t  3elow t h e  da r s i t c ,  occurrcd s i n c e  t h e  aerial 

I. 8 he r i p h t  abutment is relatively s tccp ZY-d t h e  slope is continuous wi-ch 

o 

9 /the main va l l ey  wall.. The Drcssnco of many deadfalls  and jumbled blocks i 

j o i n t  b locks ,  soil, and vcyeta-tion mixed w i t h  snow. The topography is 

10- b? gneiss on t h e  r i n h r  abuti...;nr indicates considerzble recent av i ianchi rd  
7' 

7 /such that aval.u,~chcs would fiot bc a pi9oblem on t h e  left abutment, but 

he removal, of t h c  vegeta t ion  srouni t h e  damsite,;,nd the raising of the 

l e v e l  could alter t h e  s t a b i l i t y  of thc s lope  and post a direct 

13 /threat to the dam, ~erlicularly du r ing  t h e  s p r i n g  o f  years following a 

bcavy accumulation of snow. 

I 
8 

Is..- ~ Thc dansite is sn i t ed  for a concrete g r c v i t y  dam or an e a r t h f i l l  I 
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I i 2i.rf le Laglc Lake Damsite 

The t o p o e r a p h v  of t h o  cansitc at L i t t l e  Eaqle Lake is similar t o  

t h a t  at t h e  Eagle Lake damsiTc (fig, 11;. Thc IcfJc ~butment is a low, 

FIGURE 11 - NEAR BERL 

broad r i d g e  extending o u t  from the na in  valley wall, and the r i , y h t  

abatment is p a r t  of the main v a l l e y  rlrall, T'hc damsite is at thc 

intersection of t k e  main valley with a luge  t r i b u t a r y  valley froa the 

10- west ,  The l e f t  a b u t m a t  is t c ?~~ , - r aph icz lZy  sir:lilar to t h e  left ahutmen 4 
at t h e  Sagle Lake dansi-te. T h e  bas in  of Little Eagle k k e  appears +to b 

t h e  r e s u l t  of t h e  increased g4acial. erosion. which  often occurs a t  tile 

inte~secrion of 2 trunk glacier wizh a large t r i b u t a r y .  

Eagle River f l o w s  OUT of Little Eap;le Lake  at low p,radienc for 

about 2,200 feet,  t h e n  t h e  grzdient increases r a p i d l y  to a 10-foot 

waterLall  about 2,900. feet below the la!ce o u t l e t .  An alignment which 

would require the snallest l a n  is located ;bout 100 feet above the 

f a l l s .  4 c:i~,q to the 400-foot altitu2e would have a crest length of 
I 

I about 1,450 feet. The 'he igh t  of the dam would be L65 ?+-; above t h e  I 

water surface. 

Gedrock cxposures are rare except along t h e  r iverbank at and below 

covered by poorly draincd muskeg which j-5 interspersed with heavily 

t imbered and brushy r z m s .  Judqing from :he s c a t t e r e d  small exposures 

of gneiss in areas of low relief, the soil cover must be quite t h i n  

s x e r h a e  1 eFt a b w c r  - 
c- 7 
[' u U. S. OOVEltNMhNT PJIINTING OFFIVE ! 17'9 0 - 51 1 1  I1 

817. lcril 

I .  t h e  f a l l s .  The f l a t  o r  ~ c n t l y  s iop ing  ground of t h e  l e f t  abutment is  i 
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i j The r i g h t  a h t n c n - i  was not exz:.:ized. 1:: is heav i ly  wooded ; ~ n d  
I 

I 
I 

2 ' ?robably underlain by ?he sane unsorted rubble cover t h a t  characterizes : 
I 

t h e  r i g h t  abutment of t h u  Eagle La;a si te.  
I 

Behock exposed at the Lictle Eagle L a k ~  d m s i t e  i s  a f ine- to  
I 

5-!medium-grained bior i te -hornblende  in jec t ion  gneiss. The gceiss crops 

6 out continuously alonp -chi r iverbanks  t e l o w  the damslte. At a point 1 
I 
I I 

7 IaSout 1,500 f e e t  dotmstrear:, from t h e  dansite, -cne gneiss is cut by many 
l 

i q u a r t ~ - f e l d s ~ m  v e i n s  and d ikes ,  nost of which have been i n j e c ~ ~ d  along 1 
I 

ipreexistinq joints and f o l i a ~ i o s .  T h e  f o l i a t i o n  in the g n e i s s  strikes 

' 10-;parallel t o  Eagle River  and d i p s  65O-80° E. As a t  t h e  Eagle Lake I 
I I 

l 1  'darnsite, t h e  f o l i a t i o n  provides t h e  mos; direct route  f o r  water passing , 
'2 ilnder t,le dam or th rough  t h e  abutments. The foliation planes appear as I 

l 3  t i g h t  a t  t hose  in t h e  g n e i s s  zr t h e  u?per da;nsite, and it is doubt fu l  
I 
I 
I 

l 4  t h a t  much g r o u t i n g  would be r e g i r e d  to prevent leakige .  The sirear. 

1 I 
1 7 -  flows over bed~ock in the dansiz~ &-ea. The j o i n i s  me less likely t han  

1 
b t h e  f o l i a t i o n  'co cause l e a k a a .  I 1 

1 / The discussion regarc ing  avalaric,l,s a t  t he  :.Eagle Lake damsrte would' 

l h  soply as well t o  t h e  L i t t l e  Eagle: Lake site. No p a r t i c u l a r  hazard exist ls  
I ! 

19 :on t h e  l e f t  abutment, but cond i t i ons  on t h e  r i g h t  abutment are such  that^ 
! 

2G- javalanches can be expected under  t6e proper cond i t i ons .  
j i 

1 ! 

2; ! 

! Topogr&pbically,  t h e  damsite would probably be best s u i t e d  for an 
i i 

22 !earthfill d m i . , ,  although t h e  foundut ion  rock is qui-;c capable of I I 
. . 

, 

1 
suppor-tlng a concrete d&m. 

', ,, 
t. 9 

i ' 
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2 5 . .  : 

I 
1-- <- '-;> <.,. 

&.,Z 
i . ,  :>, ( ; t j , )P : l t , \ , \ i ! . , \ ' ~ '  1 ~ i l I N T l ~ c ;  01.'lfiCk; : l ' l * , J  0 - 7 ~ 1 1  / I  

" t i l . l U r )  



Saddle Dams iccs 
I 

! 
2 j  The.divide at the head of Eagle Lake was not cxarnined. However, n 

~ i 
3 /careful s m d y  wzs ir,ade of t h i s  sit2 02 %he ae r i a l  ]?:io.to~rxiphs. The  I I 

I 

! I 
4 :ridge which forrns t h e  d iv ide  is e l o n g a ~ e d  para l le l  ~o t h e  s t r i k e  of the I 

I I 
I 

3-ifoliation in the gneiss. Thiz suggests that the ridge may be u n d e r l a i n  , 
I 

"by a Sand of marc r e s i s t a n t  rock t h a n  t h e  cormal gneiss.  The marble 
I 

I 
7 ;outcrop described a t  the head of the lake is also on s t r i k e  w i t h  t h e  I 

I 
r i d g e .  The thickness of t h e  x r i i i e  is ;-,st known, but it seems l i k e l y  

9 that most of the zidy.e is  umle r l a in  by nore ~esistrnt rock. Khen t h e  
I i 
I 

' 10- valley 05 Eagle  I?iver was o c c q i e d  5y 2 glacier ,  rnel"i.,:;.ter probably ~ 
" " 'flowed t h r o u g h  -the saddles in t h e  divii;. If so,  it is poss ib le  that 

I 

.2 t h e  saddles are under la in  by ailuviuz-filiea channe ls  t o  an unknown 

I 
I 

13 depth, and leakage might occur even i5 the water level  .is i:ot raised ; 

14 above the l eve l  of the saddles .  

i s  I Auxiliary dams or  d i k e s  wouirt be rzquilned i n  each of the four 
I 

I 

i o  s a d d l e s  if t h e  lake is raised above an al t i t i lde  of 360 feet .  The I I 

abutrnenr for these ;&;,;-cures s,;uld. p r o a ~ b l y  be in competent gneiss,  but/ 
I 

~b Tt n i g h t  be necessary to ilel;ove 1 w g e  amaunts of unconsolidated  material^ 
IY from rhe channel s ec t ions .  I 

I 

I 

1 i 

I 
i 

20 - If one or rcore marble layers is present, it would strike parzliel 
I 
I 

I I 

I TO t h e  al ignment  ~f the ~ u x i l i a r y  dikes. The  d i p - o f  the beds or I 
I 

- f o l i a t i o n  is as steep h c ? ~  a s  elsewhere i n  t h e  cma, SO leakage through I 
I 
I 

23 s01ution cavities in the marb'c. would be  2nlil:eiy. I 

I I 

24 The s t - i k c  of t h e  major sc-L of j o i n t s  i s  througii  rhz d iv ide ,  and 1 
! 

I 

- -  t he  j o i n t s  map I!ave Localized eros ion  i n   he saddles. 
I ----- 

I 
c ?'L 3 



I I n  o r d w  ts F u l l y  c v a l m t e  -~iic poversitc, Further surface and 1 

2 /.i~bsurface i n v e s t i q a t i o n s  in t h o  d i v i d e  a ~ c a  n-e necessary. T h i s  could 1 

I The shor tes t  t u n n e l  :?ac-Le -?rorc Eagle Lake t o  Bell Arm would extend 

3 

4 

7 1 nea r ly  due soutli Y O .  t i de~ ta t e r  from a p o i n t  on the lalieshore about  600 td 

be a ided  cansidc?xbly by t o ~ ~ g r c ~ h i c  ~ ~ 9 r j i n ;  cir the same scale a s  t h e  

damsite maps i1:2400), 
I 

e 700 feet west of the mouth of thc s'crean ELo;.;lr.p, i n t o  t;;e head of t h e  i 
9 1 lake. Eocause a l luv ium is beiz.5 dde?osite? alor.:: the front of tire delta 

I 

10- 1 a t  Lie hesd 05 t h e  Lake, r h e  i n t a l ; ~  shauld p robab ly  be located i u - i h e ~  / 

17 1 tunnel would have a length of 5,500-4,060 feet, dcperic~ing on the 
I I 

I 0 

11 / t o  . the  west t o  prcvent sediment from entering the  tunne l .  f~ I-iorizontal 
I 

13 loca t ion  of the intake in relation -::a the bead of t h e  laks and -the 

. 

rr 1 underwater slope and d e p t h  of the i z k e  a t  t h i s  oq in t .  The  m u t e  shorn 

o n  f i g u r e  2 i:as been chosen orr the i;-sis oi avil5lable izforrnarion, but 1 
lb- I I 

16 !migh t  be chanced as data or. the underwater topography and the ra te  of 
I 

I 
acc rc t i t n  of t h e  d e l t a  i s  acqdircd. The pcnstoclc could be an i n c l i n e d  I 

1 
l a  ( t u n n e l  OF a surface or buried c o r d u i t ,  or a conbination of these. The I 

I 

l t ,  1 length of the penstock would be from 1,500-2,000 feet, denending on -cne 

7 1  1 The bedrock outcroppinz i n  t h e  vicinity af the t u n n e l  route is I I 

2 ,  . 

. . 
; ! P  gneissic, garnetiferous quartz d lo??~" ie ,  The rocks t h a t  wcrz exanined ' I 

l o c ~ t i o n  of t he  powerhouse. 

23 are uniform in color, mediur? to coarse grained, and are megascopically 

24 1 similar. Thc gceissic tex'cwc is ~ k r .  i;zdrock is no t  well defined.  
I I 



--- --- -. 

I I ' I The marble i n t e rbzd  exposed nea r  thc hcaa of the lake may intersect ,  

i 2 itbe tunnel near the i n t s k ~ ,  and t h e  possible presence of o ther  marble 

I 

I 

linterbeds concealed by t h e  s o i l  m a n t l e  axd vegetat ion cannot be I 
I 

, I 

I 
I 

Thc f o l i a t i o n  in t h e  gneiss strikes almost nornai  t o  t h e  tunnel  
I 

6 a l i ennen r ,  and , the attitudes r a g e  from steep t o  v e r t i c a l .  The  foliation^ 
! 
i 

7 jis not w e l l  developed, arld p a r t i ~ g s  are widely spaced i n  t h e  beurock. 
I 

8 The j o i n t i n g  is also widely spaced. The dbserved e n g i n e e r i n g  properties I 
I '  

9 pf the bedrock are favoi-able I"=- ~ u n n e l  construction. The t u n n e l  r o u t e  
I 
I 

l o -  ,does ?&ral le l  a dra inzge  which follows -the aa jol* j o i n t  t r end .  This  

11 hrailnage is one of a series of promitien-; linear f e a t u r e s  a t  t h e  head of 1 
12 t h e  lake and may indicate a zone of close spaced o r  open jo in t s .  Elo 1 
13 evidence of shearing o r  crushin:: c as observed ir, the ? n e b s  at the 

I 
14 vridej+y sep ra ted  outcrops nraiq -;his lirrcamer.~. 'She tunnel  could be 

is- aligned to avoid in tersect ion w i t h  the i lc . .~;ncr , r .  
I 
I 

; b  i The s lopes  a t  t h e  l a k e s h o ~ e  at this l o c a l i t y  are covered by 

. undetwrninad thickni;~ of colluvium. The culLuvium may not be too th ick1 

1 0  to be s t r i p p e d  away prior to coilstruction. I.!' so, the s t a b i l i t y  of the 
1 

I 
I 

it, pnconsolidated mate~ial f u ~ t h e l l  up the slope mieht'be aFfected and some 

I I 
20.-heasures would be r equ i r ed  to prevcn-t avalanches or to protect  t h e  i n t a k ~  

21 f ~ o m  them. 
i 
I 



. ~ t ~ l e r h o u s e  S i t e  

I l'hc head of Bell f i r m  is chief ly  a t i d a i  flat which is unde r l a in  by 1 
I I 

Jdepc;its o.' P i n e  s a d  ai. s i l t  i r i r h  ir.-tc7xi:<ed organic m~re r i a l .  Such 1 
I 1 

4 founda t ion  rrarerial. would nakc an undcsirahie sire far tho heavy 
I 
! 

I 
I 

I I 
5 - js t ruc tc re  necessary in a na \ l c? i i~~se  I r ~ s ~ a i l a t  ion. The nearcst place j 

I I 
6 jwherc n b e d r o ~ l c ~ f o u n d a t i o n  is ?resent would probably be near the 43-foot! 

I 

7 benchnark abou: 1,GSb Icet ?om Bel l  AFm (fig. 2 ) .  It migh t  a l s o  be i 
I . * 

a , feasible  to 'extend .Lhc ?enstock down the cast  s idc  of the valley in 
i 
I 

i 
9 ,order to bypass tnc t i c a l  fL2-z  and to bui ld  the powerhouse on bedrock 

I i 
io -  I n e s ~  sea i e v e l .  A thi;.d'schc;le vrould be to d r i v e  p i l i n g s  or construct 

! 

11 ;piers t o  b e d ~ o c k  i n  the u p p e r p z r t  of t h e  t i d a l  f la t .  This would depend 

is on t h e  d e i ~ t h  t o  bsdrock .  I - 

13 I !<eservoir S i t e  I 

I 

1.; The r e se rvob  site is under la in  by dense and impermeable mctammphicl i 
i 

i n -  rocks, Serious ic&ks:e fro3 the P C S ~ ~ V C ~ ~  c0~13 occur only in the 

1 bcdrock near t h e  dainsites or ar the head of Eagle Lake. 

11 The s t e e p  slopes a r o ~ n c  t h c  reserv3ip s i t e  are apparent iy  
I 

l 

i t :  suscep t ib l e  to avalanches, but none oE t h e  avalanche scars observed j 
; appear d e e p  o r  wide enough to have involved volumes of material large I 

I 

20-ienough to create dangerous waves. I 



Const ruc t ion  X a t e r i a l s  
I 

1 . 2 . Sources of f i n e  and coapse aSflrepa.ii: c r ~  r e z d i l y  a v a i l a b l e  t o  both 1 
i I I 

3 idamsites and t h e  tunnel ~ o u t c .  The d c l t a  of t h a  lar:,c t r i b u t a r y  
i 

4 ixmcdiarelv wesr o? the Eagle Lake camsite is one son&e which s h o u l d  

I I 

s -  !contain d e g o s l ~ s  composed of f ix ~o coarse nax,i-ials ( f i g ,  2). sort in^, 
I 

i land s c r i r i f i c a t i o n  i n  t h c t c  a z p o s i t s  is ?mbably b e s t  near t h e  lakcshore. 
I I 
I I 

7  n not her possibie source for colastruction material is in t h e  deposits I 
, I 

8 ucder ly ing  the - f lood  p l a i n  of Eagle R i v e 7  below the Eaglc Lzkc damsite. 
! 
! I 

9 i The area around Little Lag&$ Lake is underlain by al iuvral  depositsj 
i I 

lo-Consist ing of s i i l  to ffine zond in the swampy area just south  of the  
I 

11 L e f t  abutment r i d g e  and coarsm sand and gravel Gcposits along the 
I 

I 1 
I 

r z  course or' Eagle River and the major tri,.u"iary from t h e  west which f lows / 
I 

13 i n t o  Little Eagle Lake (fie;. 2 ) .  
I 

1 

1 
I 

I ( ,  l'ke a l l u v i a l  p l a i n  above the head of Eagle Lake is probably 1 I 

1 7 -  u n d e r l a i n  by f a i r l y  well sor-tcd silt, sand, and 2rc.vel deposits. i 

i6  Talus deposi ts coaposed of blocks large enough f o r  r i p r a p  were not  

! 
11 obsemea aroand Eagle Lake, a l though some of rhe  a reas  of colluvium t h a t '  I 
:s are covered with brush rr.ay con ta in  b locks  o.F greater diameter. I t  nay 

1 

,,., be nacessarv zo hh<irry some of tne more poorly f o l i a t ed  quartz d i o r i r e  
I 
I no-.iy-~eiss i f  a sourci! o f  r i p r a p  is required.  The gneiss  is well su i t ed  fop 
! 

2 ;  concrete aggregate. No minera ls  which wo-clld be cl.nemicslly r e a c t i v e  with, 

I .. cement arc presect in t h e  roc5:s. The  r%ck is res is tant  t o  weathering, 

1 , 
end t h e , f o l i a t i o n  is no t  w e l l  enough developed t o  r e s u l t  i n  a 

i 
t 

25 jredoeinance of f l a t  oz8 elor.gatcd p a ~ t i c l e s  except i n  t h e  cobble or 
1 

! . .  

;.+8---narger s i z e  range.. 
L.- - - . . . . . . . - - - 

i 
I 
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2 The two damsites are sirniln~~ ir. -chc pt .ys ics l  p roper t i e s  of t h e  i 
I 

1 I 
I 

3 1 foundat ion roc:. sad i n  tks a t t i t u d e s  of p l a n z  IcauLres wnich could I 
I - -. 1 

" cause seepage under the dam or through ?he abutments. Bedrock is not 
I I 

'3 
b - :  contincb,ily exposcd along c,,:: channel'st t he  Eagle Lake aamsite, and 

! 
I 

mangle drilling beneath the channcl will 33 necessary i n  o ~ o e r  t o  
I 

I 
I 

7 deterzina whcraer s buricd iiluvium-5illed channel or a soh- t ion  cavity1 
I 

8 1 in marble is present .  
I 
I 

1 The o v e r a l l  size of J dan ar The Little Eagle Lake site would be 

:o- I t h r e e  t o  four r i n e s  tilr sizc: cT c;:., i-he Eagle Lake s i t e .  However, ! 
it 

I 11 ;is poss ib l e  that a l a ~ g e  and r .cadily accessihie source or' impcrvious 
I 

I :2 fill material inmediately upstream from t h e  d a m s i t e  would make t h e  I 

1 13 construction of an , e a r t h f i l l  Lcn of ??.is s i z e  f e a s i b l e .  
I 

i 1 

1 
i 

ii I The colluvium i s  probably thin on t h e  abutacnts of bo th  damsites. i 
I 

- ;Trenchin3 or r e s l s t i v i ~ y  suzveys would determine t h e  p r o f i l e  of t h e  
1 

I 

16 bedrock swface. tIoweve-r, 2-t least or.@ o r  two holes should be d r i l l e d  

I into bedrock for ;+.;ssure or pumpirifi rests .  
I 

I': ( S e i s n i c  o r  r e s i s t i v i t y  surveys or  d r i l l i n g  i n  the four saddles in 
I 

1 / t h e  d i v i i l e  at the head of the lake w i l l  be necessary t o  determine t h e  

1 ;!o-,depth or' fill ~ r , d  its permeability. ?;ore de ta i l ed  topographic and I 
2; ~eoloaic map pin^ in this area is required. j i  a ' 

27 I S u b s ~ r f a e e  cx2iog;tFon in rhc tidal. f i a t  at the head of B e l l  hrrn 

I I 

2 3  ,should be accornplishcd to deterinine a locality near t i dewa te r  a t  which 

I I 
zz ,it woulc be p r a c r i z ~ l  ;o c o n s t r u c t  ~ i ~ r s  os dr ive  p i l i n g s  to bcdrock 

I \ 1 
I . f owerhouse fdundz , t ion .  I 

i :-- -..- 
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