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GEOLOGY OF WATERPOWER SITES IN ALASKA 

GEOLOGIC INVESTIGATIONS OF PROPOSED POWERSITES 
AT BARANOF AND CARBON LAKES, BARANOF ISLAND, 

ALASKA 

ABSTRACT 

IThe dam, conduit, and powerhwsp locations that would be considered In the 
development of the Barand Lake powersite arp at1 on or in blcrbibqnarh d i e  
rite that is aoand. h n g ,  and suitable as a Ionndation for sncb Rtructnres. No 
large m l e  ~tructnral defects are e-, but on aerial photoefsaphs l lnar  
feat- which are Interpretd as faults, can be projected through the damsite 
and acrw the adjacent ridge at points 400 and 3,200 feet south of the Baramof 
Lake outlet, Overburden 1 to 15 feet thick covers mneh of the area In which a 
dam would be located, and detailed exploration by d f l h g  wiIl be necessary. Hot 
sprinp cw?enr fiOO to 1,000 feel: east of the lake outlet along the left bank d the 
Baranoi Rivec, between tho trltitudes of 120 to 15i ffeet. 

Tlw damsite and prt#lble tunnel mate of the Cwlmn M e  powersite are on or 
in nzlgnmtite that is sbong and suitable as a fonndation for meh stmeturm. The 
penstock and m r h o u e  sit= are on a mas~ive blotite-qutmh dlorite dike that 
f m s  a Blff along the inner ShoTe rrf Caxrmdc! Bay. Overburden mvem bed- 
rock w the left (west) abutment and in the stream chnneI a t  a p d b l e  dam 
Imtion. k l a m  rock fall 19 at the tm of the rlght (south) abutment. De- 
tailed explaratlon by drllling i a  necessary In these areas. 

The U.S. Gmlogical Survey, as part of its propun of cdwifyhg 
public Imds with respect to mineml and water m w  is cumntly 
making a sysbm~tic study and evduation of the potential water- 
power sites in Alaska. This report describes geologic conditions at 
two proposed powersites on the east coast of Baranof Island, Alaska 
(fig. 2). The sites were examined to d e t e k e  their limiting 
l e a  feat= and te autline the next steps for an orderly and corn- 
pIete gsolqic investigation. The gensral tern L'~wers i te '7  is u d  
in this report to include all elements, such as t h ~  dm,  conduit, power- 
house, and msewoir sites of power development. 
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The geology of B m o f  Island has not been investigated in detail. 
The regional geology is dwribed by Rnopf (1912) and Overbeck 
( 1917), and it is shown on the "GBologic Map of M h "  (Dutm md 
Psyne, 1957). The gmlogg of the island is mfe& to briefly in 
the summary report on the geology of southeastern Alaska by Bud- 
dington and (%pin (1929). Detailed m i n e d  investigations of gmalI 
parte of the island, mainly on the west coast, h m  bsen m d e  (Guild 
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and Bdsley, 1942). The waters from the hot springs at Bamof 
have been r e p o d  on by Waring (1917). Power potentiaI and pos- 
sible means of development of the lakes were first investigated by Dort 
(1924, p. 11G116). The sites are a h  described in a report by the 
Federal Power Commission and the U.S. Forest S d c e  (1947). 

The topographic rmrveys and the .geologio invedgations of the 
Baranof Lake and Carbn Lake powersites were made during July 
and August 1956. 

Baranof W e  and Carbon Lake are shown on the U.S. Geological 
Survey Sit& quadrangle of the Alaska reoonnsismnm tqopphic  
series, =ale 1 : 250,000 l inch equals approxim~te1y 4 miles), contour 
intervals 200, 250, and 1,000 feet; and on the Sitka 8-3 quadrangla 
of the 1 : 63,360 (1 inch equals 1 mile) tupographic series, contour in- 
terval 100 feet. The lakes and adjacent amas are shown on s river 
survey map, ''PIan and Profile, Bamnof Lake and Carbon IClaZre, 
Alaska, Dam Sitesmn On t h i ~  map the lakas and adjacent amas w e  
shom at ib scale of 1: 24,000 (1 inch equals 2,000 feet) with 90-foot 
contom iahm1. Underwatar mntaurs am shom for tbe bkgs to 
depths of 60 to 100 feet below Idre level with a, few spot soundings indi- 
cating maximum depth. Maps of the prospective Baranof Lake, and 
Carbon hh damsites are includd. The former is on a a l e  of 
1 : 2,$00 (1 inch equals 200 feet) and the latter on a scale of 1 : 4,800 
(I inch equals 400 feat). Both dmsit-a m a p  have e 10-foot, amtoxu 
interval. A profile of the mapped reaches of each stream, including 
the s u h  and approximate bottom profile of each lake along its 
centerline, is shown. 

Bmnof Island is mugh a d  mounhinoas. Along the east ahom 
the ground surface rises steeply from sea level to altitudes ranging 
h m  1,000 to 2,900 feet. Above them al~tudas the dope flathns, 
but the ground s& continues to rise to altitudee of 6,000 to 6,000 
feet in the mountainous intarior. 

Baranof Islmd has been mtensively glmidd, mid the p m t  
topography is the result of ice emion only slightly modified by latar 
s h m n  erosion. Alpine glacim flowed down from the central moun- 
tains and eroded spectacular glaciated valleys, These valIeys o h  
terminate in s m d  fiords that indent the coastline for di-ces of 
0.8 to  6 miles, and they are spaced 2 to 13 miles apart along the 
stmight e a w n  doreline of the island. Glacial lakes occupy some 
of ofth lower wtions of the valleys. The streams in the valley~ have 
h k h  mien@ and many of t h m  d a  into tidewater at the 
head of the fiords. 



The mch of CKchgof and Ramnof lslnnds lie in broad belt9 that 
$hike north*&-muthewt md conform with the prevailing structurrtl 
trend of southeerstern Alaska (Knapf, 1012, p. 11). The core of the 
islmd is made up largely of quartz diorib intruded p ~ r  Jlel  to the: 
stratified rocks. A large bntholittl that cr- the northern end of 
the island is errposed over a distance of 34 miles and a width of 6 to 
10 miles. Bordering the batholith on the southwest is a northwest- 
ward-tmnding &It of rnetnmorphic rocks, In turn, this belt is 
bounded by another composed of graywwke and slhth that, forms 
the bedrock on the west sido of the islands. 

Barnof Lake powersite is in biotite-quartz diorite about 1 mile 
north of the southern edge of the btholith, as shown on the L'Geologic 
Map of Alaska" (Dutro and P a m  1957). C n r h  L a k ~  powemite 
is about three-fourths of a mile south of the htholith in an a m  of 
rnehmorphic rock B d m k  is a migmatite. 

An inferred major northward-striking frtuIt lim in Chath~m Strait 
about 9 miles east of Baranof Lake outlet (Wright and Wright, 1908 ; 
Martin and Wi'illims, 1934). The estimated length of the fault is 
250 miles, extending north from a point ribout 100 miles south of 
Warm Spring 13%~ Lynn Canal. The Chatham Stmit fault is a 
split or extension of the Denali fault, a gwat arcnab fault that can 
IM t d  from Lynn Canal to Brim1 Bt+y ((St. Amand, 1957). Twen- 
hofel and Sainsbury (1968, p. 14.35) believe that the P3enali f ~ u l t  
and probably the Chathaun Stmit f ~ u l t  are active along their entire 
length and hsve b n  actire, at least since early Tertiav. 

A large norkhwestwad-striking fault that. lies in Peril Strsit inter- 
sects the C h a h  Strait fault abont 11 miles northeast of Bamaf 
hike outlet. Twenhofel and Sainsbntg (1958, p. 143.5) include this 
fault as a ttsegment of a large fault3 which they call the Clamm Strait 
lineament and which extends from Clarence Strait to Cross Sound. 
The Clarence St.mi t fault may infersect the active Faimather f rsul t 
that I i e  on the sonlthwest side of the F ~ i m t h s r  Ran@. However, 
they believe this inikrpmbtion may rrot be correct; as the Fairweather 
fault cuts 'Serbia~ (Emne) rocks, whereas lthe Clamm Strait 
lineament on Kuiu, Kupremof, and Admiralty Islands is covered 
by Terti81.y (Eocene) mks and presumably has not k n  wkive 
since that time. 

EARTHQlrrAKES 

Although the structum.l wttings, within and adjacent to gt major 
batholith, provide frrvorable l ~ t i o n s  for dams ilnd related structures, 
the ertrthqudre history of mutheastern Alaska shows tht the area is 
still se i smi~ l ly  active. In the Sitka-Juneau-Skagway area, 18 earth- 
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quakes with an estimated intensity of 5 or more on the Modified Mer- 
calli m l e  have bgen reported htwaen 1843 a d  1956 (Heck and 
Eppley, 1958, p. 72-78}. Between Cape Spencer and Yakutat Bay, 
120 to 250 miles northwest of Baranof nnd Carbon. Lakes, 9 aarth- 
quakes with intensities between 5 and 10 have been rewded between 
1896 and 1946. The Cape Spencer-Yakutat Bay a m  lies a1on.g or 
adjrscent to the Fairweather fault. The reIation of m r b y  active md 
inactive faults with areas of recorded strong seismic activity makeg 
it prudent that maximum protection against eaxthqukkes be considad 
in the d ~ i g n  of any structure built at the sites. Also, if a powerhouse 
should front on tidewater, consideration should be given to tsun* 
mis in ita design. 

BARANOF LAKE POWERSITE 

Baranof Lake damits is at the outlet of Bamof Lftgs, 0.3 mile 
from the point where Baranof River discharges into Warm Spring 
Bay. (See pl. 5.) 13aranof is a small settlement at the upper end of 
the bay. It is a popular port of call for fishing b o a  and yachts be- 
cause of its protected harbor and nearby hot springs. Waters from 
the springs am used in om small public bathhouse and a number of 
tubs in cabins. In 1956, there was weekly airmail service and weekly 
h t  sewice for mail and freight between Baranof and Juneau. The 
proposed dam and powerhouse sitos are easily accessible by trdl from 
Bamnof. 

TOPOGBBPHY AND VXGETATIOIU 

Barmof River and Ika are in a deep, narrow, U-shaped glacial 
valley. The lower and is now occupied by rm fiord, Warm Spring Bay, 
which is 2.4 miles long, and Ramnof Lake, which is 3.0 miles long. 
T h e  lake, with a waixr surface at altitude 145 feet, is retained by a 
low rock ridge that extends north for 3,600 feet across the valley. The 
highest point on the crast of the ridge is ah nn altitude of about 325 
feet. The Iake outlet is mi-thin 1,500 feet of tidewater as is also a 
point on the lakesham 1,400 feet muth of the outlet. (See pl. 5.) 
A small hill west of the south end of the ridge, rises to an altitude of 
500 feet. A mddle crosses tha ridge about 3,200 feet south of 6 0  lake 
outlet at the point whem the ridge joins the main valley wall. The 
maximum altitude of the; ground surface in the saddle is about 240 
feet above wn lev& or 95 feet, above the lake level. Another smaller 
saddle with ground surface nmr dtitude 235 feet is along the north 
valley wall about 450 feet north of the lake outIeL 



30 GEOLOGY OF WATERPOWER SITES IN ALASKA 

Baranof River cmma the ridge about 800 feet muth of the no& 
valley wall and in one-thind mile descends 145 feet to the bay. From 
the 7 t h  outlet to a point 700 feet downdream, through the proposed 
damsib, the river falls 8 feet. 

The damite is immediately downsheam from the lake ontlet. (See 
pl. 5 and figs. 3 and 4.) Nenr the possible axis line of the dam shown 
in section A-A ' (pt . 5 )  the valley is I10 feet wide at the river mPfaw 
at altitude 145 feet; 150 feet wide at 150 feet; 790 feet wide at 200 
feet; 1,040 feat wide at 240 feet; and abut  2,300 feet wide at 300 feet. 

A hmvy growth of vegetation covers much of the darnsits ares. 
The left (north) abutmenl; has h n  burned over and now supports 
a thick growth of lodgepole pine, hemlock9 and gma. On the right 
(~outh) abutment the so2 layer on top of n f m k  is thin and tree 
p w t h  is spars& However, b e d m k  is conmaled in many places by 
a heavy growth of grass itnd light brush, and srnaIl peat bogs have 
developed in the undrained depressions on bedrock. Natural terrwm 
with bgs have k e n  built on some slopes. Wherever the soil layer 
is thick enough, there is a heavy stand of timber. 

All rock ex@ at the damsite is clkfied from mqysmpic exam- 
ination as biotite-quartz diorite or a dosely relatgd rock type. The 
rock is light to dark gray md medium to h e  grained and hw crystals 
t h ~ t  range from 1 to 4 rnm in length. The biotite crystals am wavy 
and many of tha quartz and plagidase crystds are slightly crushed 
or pnulated.  Occasional garnet, crystals or masses 0.5 ta 2.0 mrn 
in diametm occur. Rocks of more dioritic composition wmr in small 
q m u m  st the fmtbridm, 100 feet south of the rapids between dti- 
tades of 155 and 116 feet,, and near the mouth of Baranof River. 

The only structural faaturn exposad at the site am a few mall 
faults and joints. The faults ranp from partine with dickenslidw 
to thin seam with na much aa 2 inches of broken rock and gouge 
d w n g  them Their general strike is ta the north, and 3 of 4 fractures 
with crushed rock along them are in a get that strjkes N. 12"-90" IT. 
and dips 80"-88O SW. The other faults fall into sets with the fol1o~- 
ing attitudes: strike N. 8" E. and h'. 7* W., dip 6R0 and 7 9 O  E.; N. 
27°-450 E., 26"-40" SE.; and N. 25"-27" W., 41 "-63O NE. 

Two major joint sets include 56 p m n t  of the jointa on which 
obsarvations were taken. Of the remainder, 23 percent fall into 5 

that have 2 to 4 jointa per set, md 21 percent am fractures with 
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random orknbtiions or have strikes and d i p  that are ccIw to t h m  
of the sets The two major sets have the following ~ttitudes : strike 
K. 20°-450 E., dip 16°40 SE., and Nm 20" WRT-N. 19' E., 66°-890 E. 
The minor szts have the following attitudes: strike N. 27'43" W., 
dip 36"-57O R.; N. 25"-28" W., 84"-8gQ SW.; N. 50°4Fi0 W., 82'- 
85" hT.; and N. 7 2 O - 8 2 "  E., 80" SE. to 85' PUT. 

On thle taerial photqmphs covering Warm Spring Bay and Bamnof 
Lake, three sets of strong linear featurn stand out prominently. 
Linmr feat UIW are straj ght or gently curving physiographic features, 
and the  are intarpreted as faults or fault zones, The k r i n g  of 
one set is N. 16" W. to N. l b O  E. This direction correlates wit11 one 
of the major joint wets and one of the minor fault sets. A w n d  
set strikes N. 37"-65" E. and partly overlaps the other mmor joint 
set and a minor fault set. The third set strikes N. 81"-80° 77. and 
com1ates roughly with two of the minor joint mts. 

The linear features may be related to stmctuml fmtuws of m t a r  
size and &nt than any exposed at the damsite. In the set that 
bears N. 37"-85' E. they axe mntinuous and pronound. One of 
the linear feahums can be projected dong the draw that ia 400 feet 
south-mutheast of the lake outlet, and its extension im the east-north- 
east would lie in the river channel. However, no structuml fmt~lm 
that can be related to i t  is exposed in the a m .  Any hul t  or shear 
zone striking through the dram mould have to  be less than 2 or 8 
feet wid$ b u m  closely spaced bedmk outcrops near the river abut 
250 fwt northeast from the p i n t  where section A-A' c r m  the 
draw would ex- n wider fault zone. Another linear feature that 
falls in this mtb extends through the narrow saddle a t  the south end 
of the ridge. No stn~~,t.ursl features are exposed, but s sharp mall 
reentrant is p m n t  in the enst face of the ridge northenst of the 
d d l e .  At altitude 190 fwt, rock oatcrops am 100 feet apart on 
either side of the reentmnb and a fauIt or shear zone RS much as 20 
to 30 feet wide mnld be concealed. 

A prominent line on the photographs that bars N. 6" W. crosses 
the damsito area. Any structural features related to it should crop 
out in the south bank of Baranof River 300 to 400 feet upstream f ram 
the footbridge. Apparently the line reflects only minor structural 
featum, h a u ~  in this ama two small faults and some joints are 
exposed. The faults, which have thin zones of broken rock 1 to 2 
inches thick dong them, strike N. 17" and 30" W. and dip 84" SW. 
The joints that pamllel tha line strike N, 10"-15" W. and dip 
77"-84" NE. 

A prominent linear feature that bears N. 35" W. axtends through a 
small indentation in the shoreline 1,500 feet south of the lake outlet. 
There are no exposures of any structural feature d a t e d  to it. 
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rninernl conlmnh of tho geyser waters is much greatpi-, ~ n d  t h ~  per- 
mntne of chlorid~, ions in nll but one nnnf;rsis is 4 tn 12iimcs gr~:bter 
thnn thn t  of the Bnrnnof wnkcrs. ~iltliongh R'nring attrihutrs tho 
~ ~ t t e m  to t~ deep-seated source, the low rn inen l  content, and small 
percantage of chloride ions jl~riicntes thnt the mngm:tt ir W I ~  crs R ~ P  

being diluted hy rnetoric water. 
A numljer of the springs are along tn-o lines that Iwnr N. 52" R. and 

h'. 89" K. These hexrings fall in or dose to a mxjor sct of l i n ~ ~ r  
fenturcs oljserved on the aerial pllotogrxplls nntl mny mflrrt frfict.ure~ 
~ l o n ~  wl~ich the wxter conld rip. To thc so11t llwrst t h ~ s e  lines would 
intcts~ct the lakc basin. br~t i f  thep rlo. the openings must, now be 
waled. 

DEVELOZMXNT SCEEMES 

Development of the Rnranef L x k ~  pon-crsi tr rot~IA h~ nccomplish~d 
b;p the construction of n dnnl nt the lake oiatl~t of snmcient height to 
obtain the q u i r v d  storage for reptlfition of tIln str~xrnflow. The 
mat,er could be, conrq-cd by rondtlit from t,hc r m ~ l t   in^ reservoir 
ta  x po~erhowelocxtecl pither on tlie s!~o~-P of IT:IPITI Sprit~g Ray a b u t  
250 feet south of the montll of IZnmnnf R i w r  or on il, t idd  Ingoon 
2,100 feet south of the ri-rer rnot~tli (fir. 5 ) .  The conduit would be 
either a pipeline or tunnel, or n smbination of both. I f  the power- 
house mere located at  n point ahout 250 fwt from the month of 

F~nr.rtl: 5 -Hhnrr or Wnrm Sprinp ~outlh from mouth of Raraonf Rlrf-r .  Not*. lnpjrln 
In IIIITIPT lf-rt part of riew. 
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Barnof River the conduit (pipeline) would cross the b c h  in the 
cleared area above the river on the right side of the view in figure 5. 
If the powerhouse were locsted on the I s p n ,  water would lm con- 
veyed to it from the lake by a tunnel tlmugh the ridge shown in the 
upper right part of the view, 

DAMSrnXE 

The most favorable location for a dam, based an topographic wn- 
idemtions, is immediately downstream from t.he lalre outlet. This 
location is indicated by section A-A' (pl. 3).  Along this section, 
bdmck ~ m p s  out  iona ally or is wvered by unconsolidated d e  
@ts, &ilT1&tBd to be as much as 10 tm 15 feet in depth. Howevsr, 
at two places the depth to bedmk may be gmatm. A namw, deep 
chamel or doh could be conmled between the m k  outcrop on the 
right (southeast) bank 50 feet downstream from section A-A' and 
the next rock ~ukmp 265 feet to thenorthwest. Sirnilarly,betwmn 
the north end of the *&ion and the first outcrop 160 feet to the! south, 
the depth to be&-mk may be mom than the estimabd 10 to 15 feet. 
Immediately north of the section, the valley wall rim at a a p  angle 
for 200 feef and W m k  is ahshallow depths. 

A fault or shear zone m y  be mncealed in the low about 400 
feet m t h  of the outlet whera the linear f e a h m  that strikee N. 57' E. 
crosses section A-A'. About 660 feet south of the outlet the ground 
surfm rises to b v e  altitude 250 feet, and from that point ts the 
south and of tha m i o n ,  sc8ttewd bedrock ontemp extend through 
a thin mmr of tapsoil, some allnvim, and a small amount of talus. 

The satddle abut 3300 feet mth-southectst from the lake outlet 
must be considend in any plan of development which would raim 
the maximum lake altitude an appreciable amount. The ground 
surface in this saddle is at. an altitude of 240 feet, which is 95 f set 
above normal lake level. The saddle area is covered by soil and a 
heavg p w t h  of grrrss and some brusli. The bedrock surfam is 
&hated to be as much as 30 to 40 feet or more below the p u n d  
surfme. Them are a number of large angular blocks of talus, some 
of which are 15 feet in diameter, at the foot of the muth valley wall. 
A stmng 1in-p feature extending through the saddle probably in- 
dicates a fault or shear zone. Corrective measures such as grouting 
or a cutoff wall may I>e required to  prevent sefious IenkrySe through 
the f w l t  or shear zone. 

The exposed m k  in the damsite area is biotite-quartz diorite lthat 
is light to dark gray and medium to fine grained and hm crystab t 
to  4 mm in length. T l ~ s  rock hns a high crushing st.rength and low 
permeability. It is suitable ns s foundation for a concrete dam of 
any height that would be considered for this site. 



A conduit to a powerhouse site on the lagoon would include a tunnel 
and penstock. T b  tunnel mould be in biotitequartz dilorite for its 
entire length (B-B" ppl. 5 ) .  No major defects are exposed dong 
the route, but two linear f e ~ t u m  previously mentioned, cross the 
line. The Tinear fatam that bears N. 35" W. and lies along the 
northasst side of the high rock knob west of the ridge might inter- 
E&, a tunnel driven at lake level near t h ~  portal and wo~lld inter- 
sect a tunnel driven at a lower altitude within 150 to 200 f e d  of the 
portal. The fault or shear zane relatd ta the linear is not expod ,  
and detaiIed exploration is q u i d  tn d&mine its size and efleck 
upon a. tunnel. The seamd linmr feature h a m  N: 6 O  W. and c- 
section B-R' 1,000 feet esbst of the lake. Only small faulta and some 
joints a m  BgpO$Bd when the north &amion of the linear feature 
crops out in the sonth bank of Bamnof River. These small stmc- 
tural featums would intersect B-23' at angle of 50' ta 70' tsnd wodd 
cause no trouble during excavation of a tunnel. The m k  along 
section B-I?' is kmng and sound, and will pmhbly not requim 
wpport during tunnel excavation except possibly at the intake portal. 

A pipeline could be u s d  to carry the water to an a1 alternati~e power- 
house site 250 feet sauth of the river mouth. The first 400 feet 
of the pipeline could b p l d  in rt shplllew opencut, excavatd along 
the draw 400 feet sout.h-wt~theast of the lake outlet. Downstrsam 
f m  the intemection of the draw and the river, the pipeline wnld 
be carried for abut  750 feet on a bench excavahl into the river h n k .  
Geologic conditions will cause no construction difficulties along the 
opencit and bench. I f  part of the lake basin wem to lm used for 
live storage, a tunnel might be nacessary . If so, two possible defects 
would have to h &voided : the tunnel line bould be moved southeast 
of the draw away fmm the fault or shear zone that strikes dong it, 
md any fractures that contain hot water wouTd have to IM located 
and sealed off fmrn the tunnel. 

At both powerhouse sites the penstocks could be placed either an 
the surfam or in tunnels in strong, sound biotitepuartz diarite. 

Roth of the powerhouse sib considered sra in strong, sound biotite- 
quartz diorite. 

~ R B T I O a  

Adequate exploration of tha site should be pmtib1.e by drill hola 
To insure that no m m w  dots eroded dong faults or 5hwr zones 
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am m i d ,  angle drill holm should overlap in rock benmth the un- 
comlidated d e p i m  dong the p m p d  axis. I f  any zones of hy- 
dmthermally altsred rock are found additional exploration will Iw 
nemm,ry, b u s  extensive comtionaf work might be r~uirad.  To 
determine if the fissures dong which the hot water rises extend to 
the darnsite, a comparison could be made between the flow of the 
springs under normal conditions and during w a t e r - p ~ m  i&~ in 
the hole63 drilled along the axis of the dam. 

At tha south end of the ridge, angle drill holw are requid to ex- 
plore the saddle for a nIcmw slot eroded along the fault that might 
be conmaled them 

Sand and gravel am lacking in the vicinity of the damsita A lim- 
ited amount of aggregate for m c r e t ~  may be available on the left 
&butement, in the river chmnel, and on the ltrke bottom near the 
outlet. how eve^, the main source of a g p p t e  is the outwash deposit 
in the valley upstmm from the Iaka At the point where Baranof 
River flows into the lake, there is a l a w  exposure of subround to 
tabular m v e l  that has a maximum diameter of 6 inches and an aver- 
age of 2. 

The composition of the gravel is 50 ta 60 pemnt biotite-quartz 
diorite, 35 to 45 percent fine-pined quartzite+ 5 percent argillita, and 
a small amount of chert. In the biotitsquartz diorite the biotite 
has worn or meathered out, so that most of these rocks now have w 
pitted surface, 

A large amount of fine sand and silt is exposed on the shorn north 
of the mouth of the river. 

Beranof Lake is 8 miles long lbnd 1,000 to 3,800 f& wid& The 
lake completely fills tho U-sh~pcd valley bottom, and from the shore- 
line the valley walll~ r i s  in skep slopes. Baranof River valley ex- 
tends for about. 4 miles upstream from the lake, g d u a l l y  narrowing 
from 2,000 feet to 600 feet. At the upper end the steep walls of the 
central mountain range rise to altitudes above 5,000 feet. 

The lake b t t o m  d~mnds an a modemt~. slope, and 600 fset aouth 
and 300 feet west of the outlet, it is nt  altitude 30 feet or 115 feet 
blow the lake surface. About 1,900 feet southwest of the outlet, 
the lake bottom is 1.75 feet below sea level, or 280 feet below the lake. 
surface. At the deepest point, 2.1 miles from the outlet, the lake 
has a depth of 303 feet. 
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The entire lahe basin is in igneous &. M& of ths m k  is biotib 
quartz diorita simil~r to that at the damsih but some diorita was 
noted at the upper end. GEacinl outwash covers the floor of the 
valley upstream from the lske. 

The rock in the walls of the mmrvoir is sufficimt1y impmeable 
that only minor water Jesses will mur .  

CARBON LAKE POWXRBITE 

Cmbon Lake p w e r s i b  is on the first large drainage muth of Warm 
Spring Bay and Bamnaf River (fig. 2) .  The damsite is on Cosl 
Creek, st the outlet from Carbon Lake, about 4.6 miles muth-mth- 
east of Baranof, and f d a  west of C m d e  Bay. The powerhow 
site, at the head of Cascade Bay, is easily mmaible by boat, but b,he 
damsite and convayanm roub are accessible only on foot, For the 
first 3,000 feet from the by, the easiest route to the damsite is along 
the south gide af the valley. For the last 2,000 feet, the aasimt rouh 
is along the d l e y  wall between the altitudes of 250 md 400 feat. 

Coal k k ,  wibh a mported flow slight1 y larger than that of Bara- 
nof River, heads in the high mountains and glwiers near the mid- 
section of Baranof Island. The creek, like Raranof River, falls inta 
tidewater at the head of tx bay or m n l l  fiord t h ~ t  mkes a reentrant of 
0.9 mile in the relatively ~ltmight east coast of the island. 

Gal Creek valley hm been ~lwiated, but erosion has not k n  as 
great as in Baranof River vrtlf oy, as is shown by the n m w e r ,  more 
irregulltr valley, and the smaller fiord. The downstma 3 miles of 
Gal  Greek valley is 400 to 1,000 feet wide and fairly imgu'Ia~. The 
upper 3 miles is 2,Oo to 8,000 feet wide and quite straight. 

C a h n  Lake fills the valley bottom from a point 1 mile west of the 
bay to 3.5 miles upvalley. The lake ranges from 250 to 2,100 feet 
in width and has a surface area of a b u t  400 wms. On August 18, 
1956, the altitude of the lake surface was 211.4 fmt. The lake is Im- 
p o d e d  on the & by a northward-trending ridge that extends 
1,200 feet north from the mmth valley wall, The ridge is 400 to 650 
feet widq and on tb east side drops off in an almost vertical diff 75 
to 100 feet high (fig. 6). On the w& or lake side, the sIope 
is @ml, and the 150-foot oontom, which is under water, is 350 
feet west of the llskshore. l b r e  am two high points on the ridge : 
one at altitude 331 feet 700 f& north of the ~011th valley wall, and 
the other at altitude 284 fmt 200 feet from the south wall (pl. 5 ) .  



BkRA\TOF k X D  CARBOY LAREP, BARANOF ISLAWD 39 

Frounr ti.-Rock r i d p  r ~ r  r:wt r n ~ l  a l l  rnrlmcln I~ i l i r .  I I I W P ~  ~ n r l  nP Cnrhon Lake Ln I e f t  
rrlcr of rllhrr I ' l ~ l ~ n n l a ~ f l  Ir! kr. III I1[qwr r l c l ~ t  Tnrt nt r t ~ n  rlr:ilnn Into PoaI Creek 650 
feet d ~ w n s t r f n m  ir(bl~l I:rtrbasll lrttkc 1rt:1IPt 

Bet\\-pen f h ~ ,  t \TO k n ~ l ) ~ ,  the ,RTC)IITICE surface dew~nds to ~ i t h i n  a fen- 
feet of the lfikc, surface, ant1 dnrin,rr p~riods of h i rh  wntcr, a smnll 
stream flows tl~rougl~ t,lw mcldl~. IEetwwn the lower knob and the 
south valley mall, the grountl surfxw ia  5 to R feet. nbore lxke le.ve1. 
Water has not. florcd thro~r~h t 11 is sadd 1 P r r ~ ~ n  t ly . 

About 3,500 feet west of thr Inka otttl~t a snrldle at an nititlfde of 
295 feet separates Carbon t a k e  from twn si~lfill unn:~mrd intrr- 
connect,ed lnkes n b u t  one-half mile north of the lrr~~rr  pnrt of Carbon 
Laka These lakes, rhich R W  nt fin ~ l t i t ~ ~ r l r  of fwt, xr~dr:~ inec l  
by a small  s t r ~ n m  that f l o~ - s  into C n ~ l  ('reek, c:sr) frrt cla~\-nstr.~arn 
from the outlet of Carlson Lake. 

About 1.500 feet domstream from Cnrhnn t : ~ k c  n srn~113, ronndrd, 
g1:laciate.d p i n t .  ~ h i c h  r i ~ e s  to nltiti~rfe 300 fwt ,  C ? I ~ C I I C ~ S  bt~t, f ~ o m  t l l ~  
soutli valley wall. The point prnr l i~c~s  a nnrrnlrs in t h ~  r u l l ~ y  :~nd tt 

fa1I of 25 feet in the river. Ewt of Z I I P  1)oillt t11r r:tPlcq. is tion to  1,00(1 
feet wide. The fairlp lereE floor, whir11 is near nlt  iturle 100 fcrt,, 
axtpnrls to w i t l i b  400 feet or clowr to the 1):ty before it drops ofl in a 
stwp cliff to tidewater. 

e d  creek 118s a fa l l  oE 12 feet in a distance of 450 fwt clo~~nstrnam 
from the outlet OE Carlmn 1,nk~.  In the next 7110 fed, the strenm 
d~scends 75 feet to altitude 125 feet in a scr im of rapids 2nd srnnll 
falls. For 1,000 feet below these rapids, t,he stream is wide. nnd slow 
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flawing. Below this it falls 25 feet to another wide, 1 d d k a  reach 
0.7 mile long at an altitude of 98 fmt. From this section the river 
camdas over a rock ledge inta the bay. 

The entire powersite area is underlain by metamorphic rmh that 
am migmatiim or cornposits gneipnes, resulting from intimate pene- 
tration of magma into country rmks, Fmm a megascopic examina- 
tion it appears that sedimentary mh, originally either impure 
quartzite or a graywacke high in quartz, have been! htmmly meta- 
morphosed md intruded on a large scale by biotite-quartz diorib. 
The intruding biotite-quartz diorite is in sheeta or dilres that at the 
damsita are as much as 10 feet thick, and in the resewoir and down- 
strewn from the damsite are as much as I50 faat thick. Mmt of the 
rock is foliated, slightly schistma, with layers of f i n e  ta medium- 
gmind granulated quartz p i n s  and thin layers of wavy biotite. 
The texture of the intruding biotite-quartz diorite is generally 
p n i b i d ,  but in some pttbces tb cr~rstals have b e e m  granulated and 
some smrr?I massas of the rock have ken d m  ont slightly. The 
quartz diorite probably was intruded over s mnsidemble range of 
tempemt,ure, pessum, and time, and the 'wlier intrusions have teen 
dynamically modified. 

Although the petrologic history is quite mrnplicsted, the resulting 
gneiss is strong and very apable of supporting a conmte dam and 
related stnlctures and tunnels. 

Thmughout the powersite a m  the attitude of the foliation varies 
wideIy, often within short distances. The strikes range fmm aast to 
N. 60° W., and the dips range from 20" to 70' north and WE&. At 
the damsite the strike of the hliatim rmps from N. 30" E, to N. 
4F1° TYV., and the dips range from 29" to 70° W. 

Only minor faults wem found in the d m ,  reservoir, and tannel 
areas. However, on the aerjaI photogmphs tl~ere are strong, exten- 
sive linear features, some of which may be topogmpkic expressions 
of 1arg.e structuraI features. At the damsite the low saddle across 
the ridge (GO', pl. 5) is cantralIed by a narrow fnult t,ha,t strikes 
N. 34" E. and dips 34" SE. The fault has a. Zone of broken and 
crushed rock % inch to 4 inches thick. A r e l a d  slip thnt strikes 
N. 23" E. and dips 34" NW. dm has a zone of crushed rock a few 
inches thick along it+ Two other minor faults, with attitudes of N. 



BARANOF AND CARBON LAKEB, RAWOF 18- 41 

2" E., 55" Nlrtr, and N. 37" W., 36" SW., have zonea of crushed mk 
$ inch to 3 inch- thick along them. 
On the aerial photogmphs rr strong linear featurn fob the mall 

dmw 1,000 feet eost of the damsib A careful search of the dmw 
disclosed tt fault with n 21A-fmt zone of clmly jointed m k  with a. 
few thin seams of cm&d rock. The attitude of the fault is N. 30" 
W*, 38" SW., and slickensides show thnt the hmging wall has moved 
to thesoutheast. N e ~ r  1lltitude325 feet aPfoot-thickqusrtzdiorite 
dike 1 iea along t h ~  f auk. 

A few minor faults undoubtedly am concealed by the surficial 
deposits, but no mlcjar fatil t is s u q e c t d  in t.he dam or tunnel areas. 

The bedrock i s  cut by R few long, eontinuo~~s joints. 

Surficial depaeits at, the damsite and on the valley walls include 
thin, patchy Payers of organic material, mil, silt, smd, gravel md 
talus. Upstream from Cnrhn Lake the vnlley bottom is cove& by 
an extensive deposit of outwash material, but downstmm from the 
lake only thin dapceik of alluvium overlie bedrock. 

Development of Carbon I ~ k o  powemite could be acc3ornplished by 
con~truction of a dam at the lnke out,let, of sufficient height to obtain 
bhe required stamp for regulat,ion of stmmff ow. The water would 
be conveyed by a pmsuro condnit from t.he resulting reservoir to a 
powerhouse l o c a t l  on the ~hore of Cascade Bay. An auxiliary dam 
would be required in the sddIe week of t.he Idre outlet i f  the Aow 
line is above altitude 295 feet. 

The control of Carbon Lrske would in addition to a main dam on Cosl 
b k  require two auxiliary dnms in the snddles dmribed on page 58. 
If the lake is r a i d  to an alt-itude of more than s h u t  280 feet, these 
three dams would be cummted nnd become n single structure with an 
ovarall l e w h  of abut  950 feet. The m i n  darn would be lwatd 
301, feet downstream f mm the lake outlet. The geologic conditions 
along the axis of the main dam as well rts of the two additional dams 
are shorn by m i o n  (7-0' (pl. 5) .  The left (west) abutment is 
formed by a hill that rises to rtltitude 1,095 feet+ The right (east) 
abntment for the main darn would be form& by the m k  knob that 
r i m  to altitude 331 f a .  (Sea fig. 7.) 

The foundation and abutments am believed tn be suitable for a 
concrete dam ta a height that wmld develop the q u i r e d  mrvoir 
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FIGURE 'I.-CRP~OII Lnkc 011t1r-t. llrnhnblc nxlw Fns clnnl wrll~ld Crow c b ~ n n e l  nt llppPr end 
or rnpldar. Ilnnnrnwl Ink#> In Ilprrpr wntrr  jrnrt nf vlrw d r ~ i i t i ~  111tn CIoal Creek 650 frrt 
downutrrnm from C'r~rt)on h k v  (rlltlft. 

c,apncity. +\long s~c:tinn r'-(I', hctlmrlc i~ exposed or i~ cowred by a 
bhin Inyer of overlwrden, rxc~pt. n t  two ~ IRCPS where t,?mre is an esti- 
rnrttecl 20 to 30 Swt. of i~ncnnwlidntrd rnnt~rinl. One of t.hese areas 
ext~ntls from the right (rnst) hank of Con1 Creek to the left ( ~ e s t )  
sbi~trnent up to nbo~~t ,  nltittidc 230 fr~t. T l i ~ v  i s  RPI ~stimated 10 
feet of alluvium in t h ~  riwr rllnnnrl and 118 rnurll as 3l feet of mixed 
talus, to~~soil, nnil si l t  on the lrft bank. 'rhp SCCOI'IC~ n r ~ n  ~ x t e ~ ~ d s  from 
t,he tw of t l in  wiltl~ unll~y wall npnr ~ltiturle " 5  to ~ l t i t u d ~  970 feet, 
h rock slide has nrmrrpd Iirrt*, ~ n r l  Inrgc Idlocks ns much xs 20 feet 
in dinmcter nre stnrkcd 3t  file Imw of I IIP slop. T~FR depth to bed- 
rock may bo RS rnucll ns 30 feet, and pngsil~ly more if the toe of the 
mck slopo has been undercut. On t IIP rn l l~y  wall xlmre the sli.licle from 
an xltit.ude of 570 t o  RCO k t ,  tllem, is :I t l ~ i n  lnyer of orerbuden and 
ta111s. R e d m k  is ~ x p w d  from an i~lti tndr.  of  360 to 400 f ~ ~ t .  The 
sock face on flu? so111 11 I ~ R I I P ~  f v ~ l l  :1nd the m k  f n c ~  an the r i ~ h t .  (&?st) 
side of Coal C ~ w k  n t  wr~ion ('-l"' nrr  cnr~t.mlltwl: Ily tha clip of the 
foliittion. 

Permenbility of t h ~  mrk :lppam to IF low. W ~ ~ E ~ P P  loss- mill m- 
cur mainly nlong fmrtuws sur.!~ as the, minor faults, joints, or partings 
parallel to the folint ion. , f l t h o n d l  tlrc. pmins nf the m k  hare been 
pmulnkd, the minor frncturrs pmhnbly are l i r n i t ~ d  in extent and 
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am not inhmmnected. Mehmorpkism has wtTy mdnced the orig- 
inal porosity in khe m k ,  and -11 or no water lowe are wed 
h u s e  of pemlatian through the pores 

If a limited exploration pmg~am is underhken, the first work 
&odd be mncantmted in the stream channel, the lower part af the 
left abutment, and on the lower part of the right (muth) abutment. 

This site is in a d d e  that t m d a  north-northeast k.bm Carbon 
LaJrg. The low point is at an approximata altitude of 295 feet, md 
between the 300-foot contourn the saddle is 80 to 100 deet wide over 
most of its 1engt.h. The right abutment rises at a gradual slope of 
about 20°, and the left abutment rises in a geries of steps at an aver- 
age slop of 3 5 O .  
The right (east) abutment has a thin, patchy cover of topsoil, 

silt, and sand. OR the left (west) abutment the steps between the 
xock cliffs are covered by rtn Bstimated 10 to 15 f& of talus mixd 
with topsoil, silt, and sand. 

B h k  at this  sit^ is similar tn that at  the Carban Lake outlet, 
West of the lowest part of the draw the strike of the foliation rangas 
fmmN.20°t0800 E.anddiprangesfmm32°td550EJTm. Southeast 
of the low point along section D-D' (pl. 5 ) ,  the strike of the folia- 
tion  rang^^ from N. 65" to 70° W., and the dip rangas Erom M0 to 
sso sw. 

A %ma11 fault, with an approximth strike of N. 30° E., pmbably 
cuts through the low spot in the saddle. Another fault, with a some 
what mom nortbrly trend, also cuts through the saddle and probably 
joins the h t  one in the nofth part of the map am& Alhhough them 
are no 0- of t h w  faults, the latter one appam~tly controls 
the ruck slope ah the edge of the lake at the south end of the map 
area. If so, the approximate strike is N. 30" E., and the dip is ?'Be 
NIT. The estimated width of crushed m k  along the fault is 6 to 
18 inches. Along the lake shorn about 100 feet west of the map area, 
another fault, with about 12 inches of crushed rock dong it, crops 
auk The strike is N. 21" E. and the dip i s  74." NW. Similar faults 
combined with the foliation pmbnbly produce the stsps on the w& 
abutment. 

The majoritg of the m k  exposed in the saddle is sound and strong, 
and the sits is suitable for a concrete dam. An ovedow spillway 
could be constructed on a dam if the broken m k  along the narrow 
fault mnes were proteetad from scuur. 



A conduit from the reservoir site to a powerhouse ~iite on Casc~de 
Bay could be either a pipeline, part pipeline and tunnel, or all tunnel. 
Dort (1924) suggested a pact tunnel and part pipeline. In this plan 
the tunnel would extend for 2,000 feet from the mrvoir  to the east 
side of the rounded point that is 1,500 feet downstmltm from the 
damsite (E-E', pl. 5 ) .  From here rt pipeline would follow the hill- 
side to a point &me the small cove 1,700 feet south of the mouth of 
CoaI Creek and then join the penstmk leading to the powerhouse. 
An alternative route is possible if a low presmm pipeline can be 
plwd on the relatively Rat valley bottom. From the end of tunnel 
line E-E' the line mould descend to the mlley floor and nm to a 
powerhouise site in the steep cliff 500 ta 600 feet south of the mouth 
of Coal C m k .  The line would lm slightly shorhr than one to the 
cove and much emier to build. 

Line E-F (pl. 5 )  sl~ovs a s u ~ ~  811-tmel mta a b u t  1 mile 
long leading to the powerhouse site in the cuve (Arthur Johnson, 
written communication, Oct. 13,1958). 

The rock along line R-E' is a migmrltite ~imitar to that at the 
darnsite. Biotite-quartz diorite hrss been intruded into a slightly 
whistom impure quartzite or a p y w ~ k a  high in quartz to produce 
a massive gneiss. A dike 150 feet thick of mmedium-grained biotite- 
quarts diorita is exposed on the west side of the downstreurn point. 
In other places near tho possible tunnel mu@ thin veins and sheets 
of biotite-quartz diorite have been intnided generally parallel to the 
foliation. 

The attitude of the foliation diaem cgnsiderably from place to 
placa The stri2rm mngefrom N. 55" E. to N. 60° W. and the dips 
n m p  from 21" te TO0 W. 

Pu'o large faults are known or suspected along line E-E'. A small 
fault, described previwsly, is exposed near altitude 250 feet in the 
draw 1,oW feet east of the lake. The rock point downst~arn from 
the dmrnsite is  separated from the main valley wall by a small saddle 
that may *fleet some structuml defect, but averb~~rden covers the 
area. 
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The m k  along a pmihle tunnel line at  section E-E' (pl. 51, is 
mnnd and of high strengkh. It probably would stand without support 
bath during and after construction of a tunnel. From the intake 
a m  to the dike or for approximately the fimt 70 percent of jts length, 
e tunnel would be in migmatite; the next 10 percent would be in a dike 
of massive biotite-quartz diarite, and the remaining 20 p w n t  in 
miptite. Along the last. part of the tunnel line, the strike of the 
foliation intersects the line a small angle, and the Rip is at low 
angle. As a result, a small amount of overbmak can be e x p M  along 
this m h .  The tunnel probably would need a concrete lining in order 
to prevent water and pressure lasses along joints and fractures in the 
rock. However, if the rock cover overlying the tunnel is thick 
enough or the distanm from the tunnel to the valley wsIl is great 
enough, a concrete lining might not be needed. 

Aloqg line E-F (pl. 51, the p l o g g  of tha first 1,160 feet is similar 
to that along E-E'. T h e  remainder of the line wss not mapped, but 
the rock probably is a mfgmatite. Aerial phobjpphs show that a 
linear feature lies a h a t  100 to 200 feet south of the lust 1,600 feet of 
the line. 

SOWERHOUSE SXTE 

Along the imer part of Cascade Bay, a, steep rock cliff rims from 
the water surface to altitude 100 feet and extends from the mouth of 
Coal Creek 1,700 feet wuth-southeast to a small cove. The cliE is 
formed by a thick, massive dike of quartz diorite thwb oo$ers an err- 
cellent m k  found~tion for a powerhouse and tunnal pnstmk. The 
smll cove has been sugpskd as ts pow8rhouse site, as it offers s small 
amount of protection against, the storms that sweep into the bay (Dart, 
1924). 

RESERVOIR BITE 

The mwoir  site is strmunded by steep rock walls exwpt at the 
upper end shem it widens out to a U-shaped gravel-filled valley. The 
rock is a mipakite similar to thrtt at bh0 damsite. 

Outwash deposits at the upper end of Carbon Lake are the best 
sourca of a p p e p b  in the area. Extensive deposits of silt and fine 
sand mar, but along the river channel above the I&, there is some 
gravel that may be suitabls for aggregate. The gravel ia corn-d of 
about 70 percent biotita-quartz diorite, 20 percent quartzite* and 10 
percent rnisce1la.m~ rock types that include pyroxenite and some 
6ne-grained igneous rock high in pyrite, 

h'o leakage can occur from the reservoir outside of the damsite a m .  
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