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SULARY AND CORCLUGICKS

This report describes limiting geological conditions at a series
of propesed daz sites on tha Coxlits River upstrean froa the town of
Castles Reok, Wgshington and an one of iis tributaries, the Tilton River.
Preliminary plans for the development of the Hayfield, iosay Rock, &nd
Coeslits Falls dan aites have bean prepared by the Corps of Fagin-=ere,

U. S. Army. The Hayfleld and lMossy Rock sites have alsc been explored
in somc deteil by drilling and other works by the Backus-Brooks Company
of Minneapolis, Kinnesota. Kayfield site has been further explored by
sdditional drilling and engineering investizations Ly the City of

Tacoma, Light Depertaent, Shut-In dam site has alsc been explored and
drilled Yy the City of Tacoma. In this investization, surfsce exposures
¢f the dam sites on the Corlitz River werse mepped in detail, and in soxe
cases, knowledge of subsurface conditiorns was supplemsnted by geophysical
investigations and data firom the dri]1l holes. Eeconnalissance geologic
meps were made of the dam sites on ths Tilten River. .

4 background eof factors common to all of the daa sites is developed
in the first part of the repart. Caltural development, ¢limatic ocondi-
tions, vegetation, and drxincge are discussed. The stratigraphy and
general geologic structures of the Cowlits basin are outlined. 4 brief,
.nmrtl account 13 given of the development of the prosent Cowlits River
vallay and of its relationship to older ehannals now filled with glaclal
deposits. Detailed descriptions of the iniividusl dam sites follow.



Geologie snd angineering !atm are outlined, woaknessss are peinted
out, and reasons for salection or rejection are listed. These are
ﬂppleaem.od‘ by maps and aross sections.

Summaries of dan site doscriptions arranged in order upstresa
follow.

Hayfisld dan sits. - Colits River, mils 51.9, SASK! sec. 20,
and H3NT! ses. 29, T. 12 M., R. 2 X., #@i1lamette Meridian, Lemis County,
Yashingtlon. Avercge altitude of low water surfuce is 240 fest. Rock
foundation 1s A0 to 60 feet below matar lsvel. Pirst choics for a high
daa falls between C~C*' and D-D', Wminessos are the highly permeable
sandstore—sials bsd, B, covared by eniy & thin thickness of Sasalt below
the river ehannel at D=D', and the taff bed, ¥, in the loft ebutament at
C-Ct. Selection of a section about midmy between thea might Laprove
the condition of ths upper left atutment wiihout dangerously reducing
the thickness of the basalt above bed B in ths foundation. Haximuz
height @f pool level is 400 feet or possibly hizher. The City of
Tacomm, Light Departaent tentativaly considered a pool level at 40
Lfoot in thelir investigations., A dam with poel level at 400 feet would
stand 160 foet above mean water levsl, and about 200 fect above founda-
tion. Crest length would Bs about 500 feet. Naximun power devalopment
would be socwred by use of all of the head without drewiown. Flow regu-
lation would be obtained with storage at sites sdove, Por a low dan
~ with erest not exceeding 340 feet, choics is between D-D!? and E-E',



Both have defects: namely, the unconsolideted and permesble sandstone

~in the foundation at D-D' discussed in connection with a high dem, and

the same sandstone in the upper left atutzent at E~-E' that would pro-
vide an avenus of leakage around the left alutment. D=D' is probedly
the better section. A daz at D-D' with pool lsvel at 0 feet would
stand 100 fest above water level and about 160 feet above foundation.
Chances for water loss froa the reservoir of either a high or low daa
by seepage through glacial sediments filling the buried preglacial
channel of the Cowlits are probably not great because of character ef
sodinents and length of path of lealage. Relatively izparvious glasial
sediments also f11l a sids channel extending from the main channel south-
westward through section 20, T, 12 ., R. 2 E,, ' Nayfield Canyomn dow~
strean from the dam site. (See figs. 2, 7, 8, 9.)

Josgy Rock dam site. - Cowlits River, mile 3.4, ia south
center sec. 8, T. 12 N., R. 3 E., Willaaettes Xsridizn, Lewis County,
Washington. Aversge altitude of low water surface is 331 feet. Rock
foundation is shallow. Controlling altitude of reservoir surface is

700 fest. Tentative feasitle pool level is 620 foet. Further explors-

tion of upper part of the right abutamt may indicate possibility eof
raiaing pool level to altitude 640, which appears tc be maximm possible
for this site. A dam with pool level at 620 foet would stand 290 fest
above foundstion. Crest lenzth would be about 610 feet. Storage
capacity would be 416,400 acre feet. Site is satisfactory only if
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effoctive measures ean bes taken to prevent sespiage tiuvugh the buried
preglacial valley of the Cowlits River north of the rirkt stutaent.

The probleam of leakage from Nossy Rock reservoir i{s seriocus. Rffective-
noss of the permeable contaci betwesn the ocutwash and silt f3illing the
buried valley as 8 conduil for leskage should be deterained by field
tests, if possible, and should be reviewed thoroughly in the light of
revised geclogic opinion. Remodial seasures to prevent this seepege
should consist of treating the east face of the i1l as though it ware
the npst:m face of an earth dam. (See fimm 10, 11, 12.)

Stut-In dem site. = Cowlits River, miis 65.5, in SE! sec. 9
and SWASK: sec. 10, T. 12 K., R. 3 B., ¥illanette Heridian, Lewis County,
taatiington. Average altitude of low mter surfacs is 427 feet. Con-
trolling altitude of reservoir surface is 775 fest. Choice of dan sec-
tion is at P-P®, At this point, rock foundation is at 22, feet or 192
foet below the bed of the streaa. Right abutaent $3 in rock to over
800 feet, and left abutment to 700 feet. A daa with pool level at 700
fost would stand 28/ feet above strean bed and A75 feet above rock
foundation, and would have a erest length of about 1,100 feet. Starage
capacity would amount to 911;,330 scro-foet. lore storage is desirsble
for streaa flow regulation and power production. Further exploration
of the left sbutment might indicate the possibility of nioins the pocl
level to altitude 740 feet, which appears to be the maxima possible for
this aite. & dan wth pool level at 740 feet would stand 32/, feet above

o |



strean bed and 515 fest above rock foundation. Creat length at this
altitude is about 1,240 feet, and storage capecity is 1,277,000 acre-
feot. Greatest weaineas is the lack of knowlodge of geologic condi-
tiocns behind the left abutmert above altitude 700 feet including an
area between the canyon wall and drill hole 5=7 and extending dowm-
streaa for at least 1,000 feet. Altitude of bedrock underlying this
area and the character of its glacial cover should be ascertained by
thorough exploration before the type and heizht 0 dam {s dotermined.
_There is some posaihility of leskzze through the glacial sedinents
£111ing a charmel nearly 2,000 foet wide that by-passes the left alut-
ment, although the peth of seepage is rather long. Bottoxn of the
channel is at altitude 538 feet. Course of this chanrel should be
outlined and permesbility of the sedimants determined by field tests.
(Ses figs. 13, i, 15, 16.)

| Cowlits Falls dax site. = Cowlitg Niver, mile 88.7, Just
south of center of sec. 6, T. 11 N., R. 6 E., i{llamette Moridian,
Lowis County, feshirgton. Site is suitable for a low dan. Purpose
4L for diversion rather than storage. Cholice of section is C-D.
Average altitude of low weter surfacs is ebout 772 feol. Rock founda-
tion ia shallow. Controlling altitude of resarvoir gurface ias 900 feet.
A daa with pool lsvel at 800 feet would present no difficulties or
probleas of leakage fro.i the reservoir, Such a daa would stand about



————

50 feet adove foundation. Width of valley at this altitude is about
260 fost, and crest length of a dac wuld be about 290 feet. Maximm
pesctical pool 1lsvel {8 probably about 850 feet. A dsxm to Lmpound a
Peservoir to this level would stand 100 feet above foundation. W%idth
of vallay at this altitude 1s L30 foet, and crest length of dam would
be about K75 feet. Thers would be possibility for leaksge from the
reservoir through the £111 of the preglacial valley of Cowlitz River
that lies about one mile north of ths dam site. (See figs. 17, 18.)

. Tilton daz site. ~ Tiltan River, mile 2.0, in HIISE! sec. 34
and HXE sec. 35, T. 13 B., R. 2 B, Willanstte Heridian, Lewis County,
mhixzton. Purpose is power production. Average altitude of low water
surface i 375 foet. Tentative feasible pool level is 55C feet. FKidth
of valley at this altitude is about 575 feet and erest lencth of dam
mﬁbciathondghb&boodof?ﬁ feot. Daa would stand spproximmtely
175 fest above foundation. Storage eapacity would be negﬁgiblc, and
eontrol of atreea would depend on a reserveir farther upstream. Head
svailable for powaer production would be reduced if dam is built at
Mdd site. Pool level in Mayfield reservoir at 400 feet would
Llood Telton site to depth of 25 feet. lost critical factor is possi-
bility of leakage fiva the reservoir through £ill in one or possidbly
two turied v:llm that probably by-pess the dan sits., Site ecannot be
conaidered feasible until exploration of Lhese chamnels is completed.

(SGO ﬂg. 190)
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Cooper Creek dam sits. - Tilton River, mile 4.0, in KE!
soc. 25, T. 13 R., R. 2 E., T 1lamette Maridiarn, Lewis County,
Fashington. Purpose is poser production. Averasge sltitude of low
water surface varies from about 475 to L9C feet through that part of
the canyon that might be suitable for a daa. More detailed topography
and further geolozic study is nscessery before a dam section is selected.
Rock foundation is at strean dbed throughout this streteh. Controlling
altitude of reservoir swface is about 900 feet. For a dam with both
abutments anchored in bedrock, maximum pool level is approximately 680

. feet at S=8'. Such & daa would stand 280 fest above the stresm. ¥idth

of valley at this altitude is .30 feet and crest length of & dam is
estimted at 520 feet. BZtarage eapacity is 29,000 acre-feet. Maore
storage is desiradble, and further exploration of the right abutment
my indiczte that the pool lovel cah be raised. Thare i danger of
leaknge from the reservoir throuwh glacizl sedimants fillinz the pre-
glacial Tilton valley that lies behind the right abdutaent. Depth of
this valley and the charscter ef its £ill mst be thoroughly explored
defors the aits can be considered fecasible for a daa of any height.
{See fig. 20.) |

Beer Canyon dan mite. - Tilton River, adile 6.5, in NSlSE}
and SEINE: sec. 19, and SZiN¥ and WWiSK} see. 20, T. 13 N., R. 3 E.,
Mllanette Meridian, Lewds County, Rashington. Choice of section is



4n the neighborhood of cross .m U=Ut, Avarage altitude of lcw
water surface is 585 feet. Rock foundation is at streea bed.
Controlling altitude of the reservoir surface is more than 1,000
feet. 4 high dam would be desirable at this location to provide
mxima strean oon.tnl snd powar dovelopaent. However, bedrock is
exposed 1n the right alutasat enly to altitade 700 feet. 4 dan with
pool level to this altitude would stand approximstely 115 feet abovs
foundation, and its crest length would be about 500 feet. Storage
sapacity &s 24,00 acre-fest. Further exploration of the right abut-
asnt my indicate that a higher pocl level is feasible. There is the
poscibility of consideradle loakage tiroush glacigl deposits that fil1
the preglecial) Tilton walley thet lies a short distance behind the
right abutaent. This valley and the materials f1lling it mmst be
thoroughly emnined before a daa at this site can be ecnsidered
fensible, (See fig. &.)
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INTRCDUCTICN

Cject of Lnvestiration

Tiis roport deacribes geoloric conditions st a series cf
localities on the {trunk stream of Cowlits Pivor upstroas froa tue

~

,

town of Castls Rock and on fts triwvwtary, the TAlton Fiver, tict .7
have been doaigxmt.od-*u dan sites on general o, ruituc cantitions.
Its purpoee 1o to define the limiting conditions st esch site,
designatine those t:at have proudse as fesslble projects and
eli=inating Lthose that do note These geolegic investirstions,

togethar with toyographic survays and water=supnly recoeris,

farnish basic dota for water utilis:tion studies oy w.ich the

storage possibilities ani thelr relstions o0 powur amxt flood

oontrol can be combined {nto a practical schexs for the wtiliza-

tion of the entire river byfihiadjacmt cosanities, In this

way, the Fedaral laws pertainin; % alasaification of stroanms
with respect 0 mter-gowar rsgpources can be sxarcised effectively.

location ani aocossidility of the dan sites

The musea anxd locations of the sites studied and roported
on are listed in order procesding upstream:



Cowlitg Fivar
te Brgelo. Mlle  locstion (aporoximate)
Moyfield ' 7 51.9 8} sx sec. 20 and M} W% scc. 29,
, Te 12 Moy ke 2 E¢
*)Bq Rock 1 63.4 M m secC, ’, Te 12 Fep Fao 3 Le
Stut-In 13 65.8  SE: sec. 9 and 5% O sec. 10,
) T. 22 no’ Ro 3 x‘
Cowlits Palls 17 880? M. 3?.3, 80C, 6. Te 11 g.’ Re 6 Yo
Tilton River
Tilton B U 2.0 5B NE and I SE! sac. 3L anl
Si, N anc N §., eec, 35, Te B Eol
Re 2 Lo
Cooper Cresk 20 43 K. oece 25, Te 13 ey Re 2 4
Bﬁrw a 605 Qm.l?and?::m.&,

Te 13 K., B 3 Lo

Ranges are numbared fron the 'iillametie Principal Meridian,

locations of the sitos and thelr reletionships tc the Cowlits
basin a3 a whols are shomn on figure 1. V. 5. Highwoy No. 99 from
Olymia, rashington, to btortland, Cregon, follows ¢losely the course
of the Cowlits River domatrea: fron Toledo, tiashington. utste Higjh-
way Ko, § branches froa U, 5. Highway Hoe 99 &t Hary's Corner, 32 miles
south of Olympia, erceses Cowlits River at layfield, continues up the
Cowlits valley to ite heatmters, £inally joining U. S. Righwmy ¥ce 410
‘on the divide between Lhe Comlitz ani “hite River draina~e. Stste ligh=-
way Ho. SK branches froa Us 5, lishway No. 99 about two miles north of
Yary's corners It follows Lhe course of the Tiltan Fiver froa nesr tue
village of Cinsbar to ¥orton, ani joine State highway No, 5 &t Kuswos.
Both § and 5K are swrfsced, all-wcather highways. /Froa Righmay Ko. 5,
at lozst one adutzent of sach of ke proposed sites on the Cowlite Fiver |
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and Tilton site 45 accessible hy automoiile road to within one-hil!i to

‘three=fourths of a mile., Bear Canyon and Cooper Creex sites are accessible

frea Righway 5K. Instructions for maching esch site are given under the - -
«’ N

detailed deseriptions ia the second part of this reporte . . S

oVt %

The Cowlits, Chehalis, and Cescads Fallroad leaves the Rorthern
Pacific Fallway at Chehalis, Tashington, eaters the Cowlits watershed near
Saliaia, erosses Cowlits River at the upper end of Mayfield dam site, and
mtu'n ¥inston Creek. This line is Joinad at Cnalssks, *ashincton
by the Bewanukua Valley Radlroad, widoh Ln turn Joints the Norther: Pacific
Rallmy at Kapavins, ceshington. The upper vellay has access U the rainier
Netions) Park Oranch of the Chicago, llsmuke: and St. Paul lellssy at
iorton, as-ington. ‘

.
\e

Provious Lrvesticstions =
Relatively 1itlle gastemtic wrk has been dne in the part of the
Cowlits Piver dralnage besin described in this Fepori. Juring 1927 and
1928, the late Irs Ae Willisom, conaultinr geclogist of Prortland, Crezen,
mde exiensive warxirations of the Mayfield and licasy Rock dea sites for
Ralph D, Thomas, consulting engineer, on behalf of the Backus-fBrooks Compen
of Kinneapolis, Mimmecota. His findings are presonted in a series of fowr

comprshensive, mll=illustrated reports thet merit eareful study by every
eerious {nvestigalor of tix se dan sites. y

1/ Thoaas, Xalph D, Feport on Proposed Hydroe=:lsctric Development,
Cowlits Fiver, sgshington, to the Bacitus=fircoks Company, Minnegpolis,
Wmesota; Thres volumes; Necasber 1928; Un;wublished private reports.
Yol, 1I, “xhibit "A®, Report on Ceologic Conditions at e~ .ite No. 2,
"Yayfield Canyon, Coulits Niver, Washingt-n, by Ira A, rillianms, Septerber
19263 Vol, II, Exhibit "B*, leport on Gevlogic Conditions beneeth minn
¥lct, Youngts Canyon, Cowlitg Fiver, Tashington, by Ira A, #illimss,
January 192€; Yol. 111, fxhibit *“C", Freliminary Prosentaticn of the
Comparative Merits of Two Proapective Dam Sites in Young's Canyon,
Cowlits mm. r‘mnﬂma, w Ira A, mlw, Jul’ 192?‘ Yecle 111'



" Exaivit "D®, Rapert ea Caologie Conditions st Dea Site Fo, 2, Young's
Canyon, Comlits River, ¥ashington, by Irs A. Willisas, duly 1928.

A your later in Octoder 1929, 4. T, Pu-éu.y U, 8, Geological Survey,

P

m’y Pm. d. ,0. mnmm o U, S. 0001.051“1 Survey,

Sade & resconalssance of the sazms twmo sites, MNapping was not attempted,
and his report ecnsists shiefly of motes supplemented by peneil sketehes.
These sites have also been described by the Corps of Engineers, U. 8.
arsg. ¥ The State of Yashirgton has published a mecessarily mush

e/ Report froam the Cilef of Zngineers, United States Arzy, en
Cowlits River, Wash,, eovering Navigatiom, Flood Control, Powsr Dsvelop-
wert, and “rrigation, mads under the sions of Fouse Docuzent Ko.
308, 65th Congress, Pirst Session. Seventy-first Congress, )d Sessiom,
Zouse Docunent Be. 666, Washington 1931,

generalised preliminary geologic map of the State My N, B.Oulnr,y

’

A - A

Culver, K. E,, Prelisinary geologis mep, State of Fpehingten.
t of Conservetion and Development, Divisioa of Goology,
Pullaen, M’. m"
_. The Geology of Neshirgton, Part I, Gemeral Features of Wyshington
{te accompany the preliminary geologis map, 1936). Washington Departe
ment of Conssrvation and Dgvelepmont, Bull. Ne. 32, Olympia 1936.

e —— e e tnenuts

whish 111#:2:{&?..: the areal geclogy ef the Conlits River basin, and there
s an asompanying text. Coosd's © desaription ef Mount Rainier

1c



4/ Cocabs, Boward A,, The Geology of Sount Rainler National Park.
Univ, Rashington Publications in Ceolcgy, Yel. 3, Bo. 2, pp. 131-212.
J‘l’ 1936, Figs. 28. ¥ap in pockst., 5‘“‘1‘. Hashington.

-

appeared the sams year, and is an excellswt gummary of the geology ia
She vicinity of the sountain, but sontains motiaing of Lmmediate applice~
tion Vo Lhe dam site aress, Erdmam: and Warrem  mappod das sfitee im

§/ Bcdmnn, Charles E., and Xarren, Walter. Report ¢n the Geology
of Throee Dgm 3ites en Toutls River, Cowlits and Skmmania Countiss,
Uashington. U. 3, Geological Syrvey, Mareh 1938, Unpublished report
sovering the Silver lake, Green River, and 3pirit lLake dax sites,

the Toutle River baaia ef the Cowlits River im 1936, snd thelr repart
bedane gvailable two years later. Most of these Luvestigations, as well
a3 others relating to river surveys and weter powar investigations, have

b /4

mwmmmmw:«m m” visited the Fiver
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7/ Jotnson, Arthur. Swsmry of Dwestigations en Cowlits River
end Tributaries, Nashingten. U, 8. Departasmt of the Interior, Geologisal
Survey., Mmsograph press notics 123585, Cetober 1940,

Bpdmamn, Clariss 3., Report ea Geologls Reoconnaissance of Shut-Ia
dan site, Cowlits River, Lowis Courty, Wasiingtom. Unpublished repert te
Ve 3. Geological Survyy, lay 1942. .

sgain in April 1942 to make & reconnaissance of Suut-In daa site,

- -
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Erdoann and Mprren - meds 2 grelisinary repcrt on dam gites on Ue

S/ Srdzann, Clarles Z., and Egrren, Jalter. Prelininary Report
on the Geology of Riscellanecus Dam Zites om Comlits River abovs Castls
Eock, Reshirgton. U, 8, Geological Survey, August 1943. Unpublished
m covering the Mayfield, Mossy Rock, Shut-In, and Cowlits Falls

sites.

L

comu!ivorxnluz\mlw;, .
The map of the Columbia National Forest, Mashington, by the U. 8,
Forest Service (1935), on & scale of & xilss %o the insh, is an excellent
bass nap of the region, Mnﬂﬂc‘mdt‘bn. 8., Geological Swvey

cover most of the Cowlits Rivar basin described in this report. The
Chehalis, Zstonville, and M. St. Bslms sheets are JO-mimmte quadrangles
on a ecale of 1:1125,000, and show the river froa delow Mayfisld dam site
0 above Cowlitz Falls. The eadwaters of the Cowlits are shown on e
I, Rajnter quadrangle to the mme scals, Contour imervals sre fifty
St for the Chehalis quadrengls and eme hundred feet for the othars.
The lower part of Aw bDasia from about river mile AS dowmn te Castls
Roek, Washington, 1s shom on the Alequa and Toutls quadranglss by the
Corps of Zngineers, U, 8, Army, on a scale of 1162,500 and wWith contowr
intorvals of 0 and 100 feet respectively.




The investigation covered by this repmt was omrtTied out during
the fiold seascns of 1935, 1936, 1942, 1946, M7, and 1948 by enginesrs
and geologists of the Ceologiesl Survey. In addition, the City of Tacoms,
Departamont, of Public Utilitios staried an investisztion of foundatien
oonditions at Mayfield and Shut=ln dan sites durins the F&l.l of 1947

",l~f ‘Mbv@“j \k"\
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that Ls still in progress (¥arch 1949). Results of their work have been |
mde svailable to Ceologlcal Survey persomnsl. The complete studr in= :
volved four distinet phases: topocraphy, geology, geophysics, and s
drilling.

Toporrenhy, « Dwring 1935 and 1936, as 2 part ef 8 prosres of river

utilizetion swrveys, the Cowlitz River mss mapped b the U, 5, Jeologicel

(,h(“), and L

Survey in cooperstion wiiki the Jtate of sashington, froa a point near
ths west 1ine of sec. 32, T. 12 Koy ke 1 B, to the sast line of sec. 25,
fe 12 ¥op R. 6 £., & distance of 55 nlles. These mapa &re on a scals

Plan and profils of Cowlits River, mile 42 t0 mile 97, Clepus
River to mils 32, and Tilton River to mile 19. 6 plan shoets, 1 shoet sf
dan sites; 5 profile sheets. U. S. Department of the Interior, Geological
Sarvey, 1943,

of 1:24,000 (1 inch ® 2,000 feot) with 10 and M=foot contour intervals
on land and S5~foot contour ‘hxtmuh on the river surface, Topocraphy
was carried froa 100 to 300 feot above the river surface. Special sur-
veys were aloo mede ef the dan sites described in thias report. ﬁ:{ﬁcld.,
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132,400 (1 insh 2 200 feet) mn;—rmmmm&»mm
1-foot contowr fnierval om the river surface. Shut~In dan site was
nppodoaanuloaflucm (1 fnoh ® 400 feet) with 10-foot contour
interval en land and l-foot santour interval on the river swrfacs,
Topography at dan sites was carried well above the altitude of the
probable crest of the dam, and in reservoir areas was oarried well
above the highest poel level. This work was directed Ny Apthur Johnsoa,

Ardraulis Enginoar ef the Geological Survey, S
m. = The geologleal Livostigation involved two distinet : -
stadiess (1) aystemtis mapping and exazinstion ef the surface geeloqy |
of Lhe proposed dan sitesy and (2) dotarmination of the preglacisl _” :
eotrse of the Conlits River and its relations:ip to the dan sites and | = *J
roservolr areas. The investigations of Mayfield, Nosay Roek, and  ~— *I
Cowlits Falls dam sites ware mde during the field season of 1938 with O

funds supplied Jointly by the Publlic Works Adainistration and the 3tate
of Washington. A geelogic rescnnalssance of Jhut-In dan gite was made
in April 1942, and detalled geologlc Mapping wes done in Septasder and
October 1545 and 1947, Rxaaimation of eurn drill saaplss and diamcad
drill cores obtained at Mayfleld and Shnt-In dam sites in eomnection
with the investigations of the City of Tacoma was made in September
1947, and April and August 1948.

Through the eourtesy of the Baclus~Droeks Cozpany of Mimneapolis,
Minnesota, the resulls ef their engineering aplorations st the Mayfield




and liosay Rock daa sites bave bem mde availsble to this fnvestigation.
Hany valnadls supplemental data have been obtained froa their reportas.
The Luvestigation by the Coological Survey is not intended to duplicate
the werk of the enzineers and geolagists of the Backus-fircoks Compary,
bat rether to aystemstise the geology of the Cowlits waller in order
that thers may be 2 broader and scundar baasis for interpretation of pest
results and sore careful preparation and direotion for future studies,

Charles Z, Erdasnn, Reglonal Geologist, Minersl Classification
Branch, superviaed all of the geologic work, mspped the goology of
Cowlits Falls das site, made & recomnaissance of Shut-In da- site, and
spant short pesriods im Octodbar 1945 and September 1547 on field work i.r
connection with Lhe courss of the preglacisl Cowlita River, Surfacs
geclogy at Mayfield and Moasy Hock dam sites mes mapped by alter C.
Warren, and at Shute=ln das site By A. F. Bateman, Jr. Additicnal fiald
work on the preglacial course of the Conlits River, exaxinstion of saxplss
cbtained by drilling ot inyfield and Shut-ln sites, and reconnalsssncs
of the Titon River daa sitea were also &y Bateman, 7, A, lcldllir also
eontridbuted to the fleld work at Sint-In mits.

The epecial danm site maps wore used as bases for geolosie mapping.
The accompanying geclogic maps show cn],v"iho:ﬂ-root oontours, tut proe
filss of the sreoss sections are taken froa the 5 or 10-fcot contours of
' theEpocm &:du mape. Uoservetion points wore located Ly means of
coipass and eithes tape or pace traverses froa hench msrks set by the

Lopographers.

>



Geophysics. ~ Geophysical investigations to determine the depth
of bedrock wers made at Nossy 2ock dar site during the 1936 fleld

4>

season and at Shut-In dsm site irn August 1943. Electrical resistivity

nit.hodl following the Wenner electrode configuration and standard
Gish-Rooney technique were employed at each site. Work at Xossy Rock

dam site and at Dunn Flats on {ts right abutment was by Rolani K. Thies,

and that st Snut-In site and at & small channel by-passing the left /.
abutzent by B. 3. Jones and H. C. Spilcer. Additional work was done
st Sict-In site with a poartable refraction ssisrograph under the
direction of Mr. B, R, Shepard, Engineer, U, 8, Corps of Enginesrs.
_Cne seismic tost was also made near Cowlits Falls dam site.

Prilling. - In Seplember 1947, the City of Taccma, Department
‘of Public Utilities, started a drilling program in connection with
2 detalled stuly of foundation sonditicms at Kayfield u':i Shut-In
dsx sites. Kleven holes were drilled to bedrock in the filled,
proglasial river channel behind the right abutment of Xayfield site,
figure 8, and eross sections E-E' and P-F', figure 9; and 48 holes
were drilled fn the vicinity of the proposed dam axis, figure E.
Seven holes were drilled en resistivity line locations in the ares
of the shannel ty-pessing the left abutment of fhut-In site, figure 13,
cross section P-P4, figure 14; and eight holes have been drilled in
the dottem of Shut-In canyon along the proposed dax axis, figure 13.

[0 )



Cultural develomment

-
t

The principal tcwns in the Conlits Basin above Castls Boek, '

Y

-

Washingtan, with their populaticns in 1940, ares Toledo, 523; N N

Minlock, 861; Mayfield, AS; Xoeayrock, 400; Ajlune, A50; Riffe, 175; ©

Randle, 200; Packwood, m;um.mj mo%rchhr}mmriu g
y AR > 5\‘ \. &C' '
\ P .

are agricultwe and lumbering, A3 O f::’k A rieaN
-

4 dan on the Cowlits River at Xayfiald sits would flood a
relatively small acreage of farm land aleng the river bottam;
either Kosy Rock or Suut-In sites; s would imniate the villags
of Riffe and a alightly larger acreage of farn land; and coe at
mumnnuﬁzlmmmmmsmasomm
flood the broad flat at the Sunction of the Cowlitz and Cispus Rivers
koown 1ocally as the *Big Bottam.” On the Tilton River, & dam at
Tilton site would not flcod any farm land, but ane either at Cooper
crm”wmuumum;mnwotmw.

A dan &t any of the sites except Tilton sits would require relocation
of portions of Righvays Bo. 5 er XK.

Fallure of & dan ot any one of these 8ites could cause oonsiderabls
flood danage to the towns of Toledo, Castle Rock, populstion 1,182,
Kelso, population 6,749, and Langview, posulation 12,385, in the Lower
part of the Condlits Basin, s well as to farm land on the river bottams
ad lowsr benches.

.
o
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Climste

Climatie conditfons {n the Coxdits River Bgsia vary from
Semperate Lo arctic decauss ef the great range in alt{tude from
Ahs western lowlands %o Hount Rainier and ebher mountains ef the
Cascads Rarge in the headwatars ares, The mean Lamperstare doaresses
with {ncreasing altituds, and the aesn amvaal presipitation increases
from about 45 inches in the western lowlands te 120 imches in the higher
mountains. In geners), that part of the Cowlits valley sovered by this -
&mm.onnummmwnu.mmmhm
little preeipitation, and ecol winters with high preeipitation, that
Usually eamss {n Lthe fora of gantle Lo moderate rains, eften lasting
soversl days, Dwing most winters, snow seldoa falls fa the lower
m«zmﬁmy,m.mum,hmmumws,w:'N
mﬁnmwthom -

The Y. 8, Weather Burems maintains statiens &b several lecations
in the basin, th.toumna-qanmmmmmmm

Sheir records.

-

L N -

1)/ Climatologleal data, Washington sectiom, 1950, ¥. 8. Departamt
of Coamerce, #esther Buresu,

i e e d
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ord
e 2 |3 g g
g g H 5
Altitude, approximate.ssecseseofoet | 775 940 1060 2,004
Lcngth of rocord.n....u.u.yml kT 3 3 14
Annual mean precipitation..ednches| 56.85 ] 56.99 . 5533
Xonthly mean precipitation..inches
January 7.88 7.5% T ode2 T2
Xarch 5 067 6 71 579 S 86
April hO21 3.7 2.79 3.89
May 3.3 | 3.07 2.39 347
June 2,82 2060 2027 2058
July 0.98 0.70 0.50 0.78
August 1.5, | 1.2 0.79 0.99
September 2.92 2.17 1.79 2.4l
Ceteber ‘099 5.60 ‘.& 5.”
Noveaber 8.30 | 7.52 6456
December 9.29 | 9.83 9 olsds
Annual mean gnowfalleceeseseinches 28.3 807 ’3.8 9500
-]
Annual mean temperaturecccees F 504
Konthly mean temperaturecees ‘?
January 36.6
Pebruary 40.0
¥arch Ao
April 492
)‘.a.y 54 .0
June 59.4
July 64.6
Auvgust 63 9
Sept ember $8.6
October 5l
Highest tenperaturocesccccee .’ 105 108
)
Lowest temperatur€ccessceees r ~15
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Vegetation

Originally, the Conlits basin was heavily timbered except far
amall, open msadows locally called Tprairiss”. Douglas fir, western
hezlogk, and western red eedar are the dominant forest trees. Douglas
© fir attains huge sise and 1s the most important timber Ares. It s !
associsted with western hemlock and tends to grow on solls having exces~’ ‘
sive undardrainage. Westarn red cedar requires moro adequate sumar |
naisture, and vhen found in large, thrifty growth, indicates a high
ol water situation. The most eommon deciduous treas are Oregon
zaple, vine maple, red alder, and willow. Taey make sbuniant growth
only on noist elopes or bettom lands where drainage is restricted.
Underbrush 4is usually very thick, and moss covers the ground and rock
outcrope in forested areas. Most ocamcn sarubs are: cascars, Oregon-
grape, blackberry, evergreen blackberry, dogwood, red hucklsberry,
thimbleberry, salal, rhododendiron, yew, madrona, and devil's elub.
Bracken fern forms & dense tangle im all openings.

Reoept in the higher mountains, most of the virgin timber has
bean cut, and the land in the river bottams and an relatively flat
benches has bdbeen brought under cultivation. The rougher gut-over
alopss make up large aress and are covered with a tangle of down timber,
elashings, mcndm, evergreen blackbarriss, and other shrubs that
18 00 dense a3 %o be proctically inpenstradle.
| Al field work was grestly hindered by this dense vegetation, not
aﬂ;'muubmtyusmemmmorm.m
8lso because of the physical difficulty in moving over the ground.
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dsknoulsdgmnts

Rary thanks are doe the masbders of the Geological Survey with
whon Lhe writers ware associated fn the thld. B. B, Jonas, Chief,
watear and Power Division, has given fullest eooparau.on in eonnectian
with the geophyslical investizstions. Artimr Jolison, uinier whose supere
vision the river and dan aits surveys wers made, he3 at all ti{zes aided
and anceuraged the topozraphors in the painstakin: task of maiing the
Sopographic meps falthfully show the relationahip bstwesn the land -
forzs and the gsolegy. Mr, Johnsom tock g1 sctive pert in the gealogic |
reconneissance of IMmut-In dam site, has on several occasions eondicted ‘
the writers over ths ground in prellminary reconnaisssrcs of various <
foatures ¢f the work, and has facilitated the work in every way. .
Mr. Roland K. Thies snsisted with the geophysical work in 1936, and \,{
¥r. K. C. Spicar in 1943. ir. K. R, Shepard, U, 3. Corps of iEnginoears, ;
sarried sut the salwmdc Lnvestigstion.

8pecial thanks ars due thoss whe aranged for the loan of Ira A,
#111tans? gomxrehanclive reperta on the axplaration of Mprfield and
Hossy Rock dam sites. Tiue Dorehcle imf. rmaticn in those raporis
supplecents and axtends the geoplhyslesl data cbizined %y the
Geologieal Survey, and has greatly increascd the sccps of the
prosent re;ort. Among them are Mr, A, A, Vigen, Secretary, The

.Backus-Brooks Company, Minneapolls, Msnssotaj Mr, Charles d.



Barthelete, State Supsrvisor of Kyiraulies, Olympia, ¥ashington;
Rr. Marold H, Nartman, Seattle, Mashington; and the late ir. C. C.
Garland, Tecoma, Yashingtom.

Grateful ssimowledgaent 1s also made to efficials of the City ef
Tacoma, Departasmt of Public URilities, especially Mr. J. Prank ¥ard,
Swperintendent of Light Division, for furnishing results obtained ¥
thelr drilling progrem. The drill holss have served as a-chock ea
results oblained by geophyaical methods md have slarified foundatiom
soaditions st Shit-In and Nayfleld sites.

W, d. Moover Nesidn, grofesser of goology, University of Feshingten,
Seattle, Zashington, has been espeeially helpful in scumestion with |

»/\'

gaciation {n western Vashington. &
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Coulits River

Coulits River flows in & general acuthwssterly direction diain-

Lng the west slopes of the Cascads Nountains froa Mount Rainier on the
aarth to Hount Adans and Koust 3t. Helans en the south, Holt waters
from Chenapesoeh, Thitaen, Cewlits, snd Parsdise Glaclers oo the south-
eastern slopes of Mount Rainter feed iuddy Pork and the Ohsnapscosh
River widsh unite in ses, 1, 7. 13 K., R. 9 B, ¥illamstte Prineipal
Noridian, %o fora the Cowlits River. The total length of the Cowlits
River from this Juncticn te Lengvisw, fashington, whers it flows inte
the Coluzhia River, is 131 miles.

The prineipal tridutariss of the Cowlits River ars: the Cispus
River which beads at the srest ef the Cascads Nountains in the vicinity
of Cispus Pass and enters the Coxdits River 91 milos above its mouth; N
Ahe Tilton River which heads en the Eineral Creek-Tiltca River divide \,:‘
sbowt 8} miles northeast of Nortem, Washington amd enters the Cowlits - ..

- River 58 milss above its mouthj and the Towtls River wiich heads ia -

the visiaity of Nount St. Helemns, and enters the Coulits River nesr - -

Castle Rosk I7 dlos above Sts mowth. -
8inse most of Lo drainage dasin has a danse forest cover, the

river mater sarriss very 1ittle silt loed except in Aime of flocod, and

um.mmncm.



Dralnage area

The total area of the Cowlits wmtershed is appraximately 2,460
square miles, of which about 4 perosnt 1s above timberline, 10 percent
15 in river bottcms, 10 percent s in bench lands and rolling ridges
below altitude 2,500 feet, and 76 percent is in stesp valley valls and
mini. Druinage areas of its jxincipal tridbutaries Are:

Cispus River AS3 square miles
Tilton River . 151 equare milas
Toutle River 510 square milss

Approdmately TO squars miles of the Condlits watarshed lies wdthin
the boundaries ef Mt. Rainier Kational Park.

Flood discharge
mmgmu«mcwnuumummmmm
oourss are: Length of -
Jgeation Record, Eaxiyuyr Mnimp Aversge
Packwood 2L 3,600 150 1,522
Harmony beridge near Hoesmyroek 1A 4,000 630 5,142
Mayri n 42,600 766 54195
.Castle Reck 12 139,000 998 56
Nouth - 10,000 (apprax

Discharge retes for 1ts tridutaries are:
Cispus River, 8 mi, 53 of
Randle

a 20,000 133 1,30
Tilton River near Cinedar [ 9,850 é6 782
20 1,906

Toutle River near Silver lake 2 35,600

T o

12/ Jchnson, Anhur, eit., October 1940; and Surface Water
supp]yon:duummmhx%s,}mmch:mcsz o Besins dn
waahingm Umt' ver Basinat ™ OW &R"Q Yater-
Supply Paper 1044.




Da wa

m-nmmmawmumummaﬁza,ms.
Bo neasurezent was made at Yayfield during this flcod, The flood ef
1%6mmmzuntwdm3,mmumhmm
ware obtained.

?bodmwuwuwmihmuthm«mmm
Koverber to Janusry inclusive, as a result ef lats fall and winter
rains. Average duretion of high wmater is about 2 days, and maxi=m
duration s § days. iHelting snows csuse another period of kigh run-
off in lay and Juns.

Coxlits valley

Relisl in the Cowlitz walasrshed rangss from a few feet c'bo'n
8ea lovel at ths mouth of the river to over 14,000 feot at the head-
waters on ths alopes of Yount Rainfer. From its origin at the Juno-
tion of Ruddy Fork and the Chanapecosh River until it emerges from the
Cascade Mountains into the southern axtension ef the Puget lowlands at
nbont.nucso,thccoums'uvcnm'hannqm@d;wiu
of eornected segmenis. Zech segrant is remarkably straigit throughowt
its length, and spparently 1s controlled in erientation Yy cne ef
several systems of major Joints ¢ other structural festures, Trends
0f these sezmenls are as followss

\




A 74 PIATE I

VIEW UP COWLITZ VALLEY FRQM POINT BEHIND RIGHT BANK IN Sw2,
NE# SEC. 12, T.12N., R.3E., ALTITUDE ABOUT 1700 FEZT.

This view shows the broad, flat-bottomed, steep-walled character
of the upper valley in the reservoir area for either Shut-In
or Mossy Rock dam site, Photograph by A.F., Bateman, Jr.




. Juzber of sezzents Trend

| x. 11° &,

’ N 4% te 72° K.
2 N. 90° to %O E.
12 ¥. 119° teo 139° E.

- Beadwater tridatsries. = The Chanapecosh River, Muddy Fork,
Clesr Fork, Sumit Creek, and smaller headwater tributaries flow in

deep, narrow ecanyons with steep gradiants, whose walls have been
smoothed snd #reamlined by glaciers that moved down the valleys,

Upper valley. = Froa the Junction of fta two main headwater
tributaries to the head of Shut-In Canyon at mile 66 in 33 sec. 10,
T. 12 K., R. 3 E., the Cowlits River meandars over the flat surface
of strean and glacial deposits that partially 111 a steep-melled,
U-ghaped valley from one o three miles wide., The average gradient ef
the stresm over this distance is slightly more than 11 feet per mils,
The charsctor of ths valley is shown in Plate I. A dan at either
Shut~In or Nossyrock site would flood the lower 18 or 19 miles of this
sestion. Streaa gradient in the reserwoir area is about 141 feet per
mile.

fountain sumaits on either side of the valley riss to altitudes
. warying from 2,500 foet mssr Shut-In Canyon to 5,000 feet at Lhe upper
cﬁd. Glaciers advancing down the valley have truncated the spurs
between tributary streams gnd have simoothed the valley walls. At
meximun, {ce must have almost completely filled this section of the

. sm sve >
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292  PATE 1T

VIEW# UP SHUT-IN CANYON FROL LEFT RIM AT CRCSS SECTION N-N',
FIGURE 2.

Note the narrow, V-shaped trough through which the Cowlitz
River flows. Photograph by C.E. Erdmann.
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valley snd aprreosched "second~phase® glaciastion as defined Wy Davis

and ht.bcu.n/ Apparently 1¢e moved from Cowlits te Tilton drainage

" e g

Davis, N 7. G., and Nathews, A. M., Four phases of glaciation
with {llustrations from southwestern British Columbia: Journal ef
CGeology, Yol, LII, Fo. ‘. Hov, m

-

through Fern Gap, and across the Righland Cresk-Cowlitz divide, pro-
sumably inte the Coulits wallay, but &n neither case was direct evidence

" found to establish the élrection ef ice movement.

Shut-In Garyon. = At mils 66, she Cowlits River lsaves the broad,
apen upper-valley snd is eonfined Lo s marrows, V-shaped trough locally
mowm a8 Stut-In Canyon in which §{t flows for the next two miles.
Plate II shows the aharactsr &f this trough. The canyon walls rise
spproximstely 325 feet to a fill terrace discussed in a following
:mumdmlrooﬂ. Gredient of the stream through this trough
is 271} feet per nile. | |

Bock-mllsd canyong. « From mile &4 st the head of Dunn Canyom
ia S 90e. 8, 2. 12X, R. 3 K, to mils 50.5 in S} sec. 24, T. 12 K.,
‘Re 1 Bay the Coulitz River follows a superimposed eourse that inter-
Swines with the laft bank of its preglacial channel., In places, the
superinposed courss everliss the old vallsy mall, and the river has
f'ounm.«m,mwd,mnk‘mmm-:
rock. Nossy Rock and iayfield dem sites are located in such sanyons.




PIATE III
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VIEW DONNSTREAK THROUGH DUNN CANYON, MOSSY ROCK DAM SITE,
FROM POINT ON LEFT BANK OPPOSITE BM 431, FIG. 11.

s superimposed section of its

hows Cowlitz River occupying & narrow, slot-like
Photograph by walter Warren.

canyon in the post-glaci

iew s
course.

A
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Plaste III showa one of the bedroek canyons. Separating these eanyons
mwooﬁﬁnbchnmwomp«iwoedmnudtmm
eld channel, and the river has ¢ut s somewhst wider vallay into the
£411 materials. Stresa gradients in the sanycn seetions aversge 30i
fect per mila, and {n the epm stretches 156 foeet per mils.

ovwer villey. = From mile 50.5 te its mouth, the Cowlits River is
intrenched in the alluvial £lats of a brosd valley up te 3 miles in
width, that 1les in the southern sxtension of the Puget lowland.
Gradient of the river is about 5 feet per mile.

FALL terrsce. = Froa the upper end of Shut-In Cenyom to & short
distance below the mouth of the Tilton River, the Coxlits Vallay has
been filled with alluvium and glacial debris to a height above the
river varying from 270 feet at the lower end te A0 feet at the upper
end. It is noteworthy that there is little or no developmnt ef this |
surface in the broad upper walley above the village of Riffs. The = or
remnsnt found farthest upstrean is om Lhe right bank of the river in
813 3% sec. 7 and N1} ¥iig eec. 18, T, 12 N,, R, 4 E. Froam this point
domstrean along the right bank, fregments of the fi1l surface are
numerous but rather small, except for an ares inown as "Dunn Flats®
that includes X} see. 8, and portions ef sections S and 6, T. 12 K., -
Re 3 E. On the left benk, the Swofford Valley is at this level, as
" well as & large area attaining a mextimm width of about 2 miles and
extending froa Sulphur Creek downstresn te include the "Ajlune Plain,”
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SEC. 10, T.12N., R.3E.

SHUT-IN CANYON, Nwi, SEZ,

VIEW ACROSS COWLITZ VALLEY FRCGA RIGHT WALL AT UPPER END OF

In background is bedrock

*

ridge that separates portions of the fill surface,.

Shows fill terrace on left bank
Photograph by C.E. Erdmann
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"Hosayrock Plain,” and the *"Klickitat Pratiis,” as these flat meadow-
lands are called locally. 4 dedrock ridge extending in a southeasterly
direction from SWl, T. 12 X,, R, 2 B., skirting the eastern margin of
the village of Kosayrook, and continuing for about 4 miles farther,
separates this srea into two parts. Plate IV shows part of this fill
surface and the dividing ridge. This ridgs is not continuous, bt is
made wp of & mumber of separated knobs projecting above the fill.

‘mmm,mnnmrmtomtu;mummtm,m
in Nil sec. 15 and B} MW sec. 16, T 12 No, R. 3 E., masses of ti11
project adove the genersl lsvel. 7Ths surface slopes frem an altitude
of fram 800 to 850 fest at the upper end to 580 to 600 feet at the
lower erd. GCradient is alightly more than 30 feet per mile.

This surface appears to tie in with that of an even mors extensive
mass of gravel fill extsnding fram the Cewlits River in sections 3, 10,
and 9, 7. 12 N,, R, 2 B., northhard wp the right bank ef the Tilton
Kiver for sbout 5 milss and insluding a large area detween the Tilton
River and )41l Creek. Gredient en this surface is about 50 feet per
xile, and at its wpper end this swrface lies at least 100 feet higher
~ than the cne in the Cowlits valley.

From 2 or 3 feet to as much as 20 feet of nan-stratified, limonitic,
rellow-drown, lean, sandy, silty clay, belleved to be loeszal, underlies
the Condits fi11 surface in most places. Boneath it, the fil11 is xade
up of thick deposits of well-stratified and often highly oross-bedded



@or

L

3ia PIATE V

LOOKING NORTHWEST ACROSS SURFACE OF REMNANT OF BENCH NO. 1
FROM CENTER OF SOUTH LINE, SEC.:25, T.12M., R.3E.

Remnant of this same bench can be seen in right background,
Location is in sections 9 and 10 on right bank of river,
Fill terrace can be seen in middle and left background.
Photograph by A.F. Bateman, Jr.




mwmamum“,u\wmuunuwu
the Iowan stage of the Wisconsin epoch. 4t ome locality em the "Kosay-
rosk Plain® (SEZ Swi ses. 18, Y. 12 N., R. 2 B.) the log of a water
well and an epen drainage diteh show that til1l rather than gravels
wmderlie the ysllow-drom seil. The sediments wers deposited in a
broad valley already partially filled Ly an oldsr series of glacial
sedimonts that had undergone sonsiderable weathering. Thess alder
deposits are described on page 52 . At that time the Codits River
was flowing at a level fram 15 0 25 fest higher than now. Immedistely
preceding the period of gravel and sand deposition, ice ercsion, strean
ocrrasion by rather large floods of wvater, or & ommbination eof doth,
saxpletely renoved the weathered material froa the srface of the
mmummm.nwmwnwwmwa
weathersd scne approximately 20 feet thick.

The Tilton surface s underlain hy similar gravels for the most
part, dut in several localities is underlain by same wvery old, highly
westhered gravel deposits that are describded cn page 22
| Begches. - Several bench levels are prominest in the Cowlits
Tallg. smuguwuu.w. they are:

1. A bench 15 extensively dsveloped en both sides eof the Cowlits
Valley and in the delta-shaped area between the Codditz and Tilton Rivers
st altitudes varying from 1,600 feet 0 1,200 feet adove sea level, or
£rom 800 to 1,000 feet above Ahe river. Plate ¥V shows this dench level.

e e el E o ¥ XS



The resnant found farthest upstreas is on the right bank of the
Covlits River in Zi sec. 25 and di sec, 24, T. 12 Nep Ko 4 S, 8t
altitudes from 1,600 on the rivar edge to 1,800 feet. Alta Vista on
the north slope of Green Mountain (B sec. 25, T. 12 K., P. 3 E. ani!
@3 sec, 30, T. 12 K,, R, 4 K.) at altitudes from 1,400 to 1,700 feet

* Yies on another part of this bench lavel. Above the right wall of

Shrt-In Cenyon, this banch extends through sections 10, 9, and L,
T. 12 K., R. 3 Se, ot altitudes from 1,390 to 1,600 feet, and or
emw;mnmumsumuxsi soc, § above Harmony
at an altitude of 1,200 feet. The Eatonville quadrangle stovs &
relatively flast ares about one mile wide detween 1,200 and 1,400 feet
extending upstreas along the laft bank of the Tilton River froz & point
opposite the mouth of Cinnebar Creek to a point epposite the mouth of
Alder Creek that ties in with the high bench in the Cowlitz Vallg .
Beyond the mowt ains, several high ridges between Hayfield and Alphs
(ses Chehalis quadrangls) have rathsr flattish tops st altitudes froa
1,000 te 1,150 feet that may represent the extension of this bench
surfaoe into the eastsrn margin ef the Puget lowland,

The surface of this pench has a dom vallsy grad{ent of about
25 fest per mile. In the mountains, at all localities obsarved, the
surface has bean mvered with a light, yellowish<brown, lean, silty
clay soil with a mssive -tmtxﬁ-o and porous texture. In NE{ sec, 9,
T. 12 M., Re 3 B, a out alonz a logzing road exposed 23 feet of this
804l sontaining numerous rounded, strean-worn pebbles and eobbles, and



& fou weathered fraguents of badrock, The pebbles and cobtblas, almost
entirely andesite, had weathered rinds from 1/8-t0 1/i~fneh thick.
Beneath m".ou, vary badly weathored andssite ms exposed to a total
depth of § feet, Road culs show ssveral feet of Lrown seil on this
bench ou the morth flank of Greoa Mountain, I places the soil con-
tains scatisred ocobbles, some of which &re decomposad, and all badly
weathered. Seattersd glacial boulders with weathersd rinds up to
1/l~inch thick ware observed up %o altitude 1,700 feet. On the alope

‘beloa this bench level at an altituds of 1,250 feet, bodrock consisting

of flows of andesite and voleanic aggzlomerats ars very deeply weathered
to & depth of st lsast § fost. Sheeting has developed perallel to the
ground surface,

Basyond the mountains, the flat topped ridges at 1,000 to 1,150
foet are underlain by eld, very doeply weathared gravels that are
desoridbed on page i8°

2. Approximstely 200 foet balow bench No. 1 15 & second beneh
that 4s of much more lizited extat. The st proainent remant, in
St S ses. 12, To 12 X., Ro 3 B, at on eltitude of 1,200 feet,
bevels lava flows of the Keechelus formtion., The rock is weathered
to a depth of 3 o 6 inches, Behind this porticn ef the bench is a
szall valley ewt into rock that apparently served as a diversion
chmmdtorlmutm'hihthoninnllqm filled with ice.
Bottoa of the ¢hannel 1s at 1,150 fest, Thls bench lavel ean be

)



traced downstresn for about thres-fourths of a sils, and thea does
not oceur agein except for & small bench at 1,180 feot on the morth
wall of Shut~Ia Canyon dear Lhe line dDetween sections 9 end 10.
Upstrean, & bench at this lsvel includes most of 3 SEX sec. 7,
T. 12 K., R &4 Ko |

3. 4 third bensh, 170 fest below bensh Xo. 2 or at 1,030 feet
&nmtxbreaMwmerotawuuﬁ,mmmuldm
Keecholus formation. The rock is weathered to a depth of 3 to 6 inches
and in plsces 1s covered with a few feet of gravels similar te those
underlying the £il1 terrsace. Cut into this bench L3 another epillwmay
channel with bottom st 950 fest. South of Ajlune, & bench st 1,000
fast altitude covers 33 34 eec, 21, T. 12 ¥,, Re 3 B. Saveral fsclated
rock knobs in sections 16, 21, and 22 reach apjreximtely 1,000 fest.

he In many localitiss, portions of the surface of the fill
terrace appears to iwn been smoothed by lateral strean planatiesm.
Ahmthe&uottbullqnfumllm.hnmmm
bedrock as well as into gravels and $1l1, suggesting that the river
resained at this level for some tims.

After the strean established its ecurse on the fill surface, it
started eutiing domward, The rate of eutting was no dcutt largely
" gontrolled by bass level ia the lower reaches of the river. 4t least
it was not unifora, and denches wers out imto the uncensolidated
valley £111 materials at several levels. Thay ares

Cad



S. Jbout 20 feet below the fill swrface and about 340 feet
above the river, This banch 1s well doveloped in SE! and 33 SE!
sec. 9, and in the northarn part of sec, 16, T, 22 No, R. 3 B., &t
an altitude of 750 feot near the river, rising graduslly to an
altitude of TE0 fest.

6. Adbout 60 to 70 foet below the £ill surface and about 290 to
300 fest above the river. This bench is well developed in ZEI sec. 10,
Sl eec. 11, and X2 N4l sece 14, T. 12 N., Be 3 E., ot altitudes fram
730 to TAO foet on the margin nsarest the river, rising to altitudes of
750 to 765, At the lowsr end ef Shut-In Canyon, this bench is found
in Sl W sec. 9, To 12 N., B, 3 K., &t an altitude of 700 fest near
the river, rising to 720 foet. Gradient ca this bench is about 20
fost por mile dowm wvalley.

7o About 130 fest below the fill surface and 230 feet above the
rivers This bench s developed in Xwi Mal sec. 14, T, 12 No, B« 3 E.,
st an altitude of 70 to 680 fest.

8. Mdout 300 fest below the £1l11 surface at Riffs, varying to
about 200 feet at the lower end of the £ill tesrace., This dench is
well developed from Riffe at altitules from 540 to 560 feet to Mayfield
at altitudes froam 380 to 420 feet, through which distance its surface
slopes down valley with & gradienmt of appraximstely 12 feet per mile.
Becauns its gradlent varies from the gradiemts of the river through
various reaches of iis gourse, the height of the bench above the



Fiver variss from 60 to 90 feet at Riffe, to 100 to L0 foet at the
lower end of Stut-In Cazyon, to 120 te 160 feet st Mayfield, Balow
Mayfield, this bench extends intec Lhe lowlands where its gradiest
decreases to about 6 feet per mile. AL the mouth eof MIl1l Creek, it
stands 130 to 150 feet above ths river at altitudes fyom 360 to 320
foest. Upstresa this bench extands at lesst as far es Nesika.

All benchas ewt into the unconsolidated fill bensath the fill
torrace, down to and ineluding Ko. 8, are covared with the same light
Jellowish-biroun loessal soil found on the surface of the fill terrace.

9. In its dowmmard cutting, the superimposed streaa weéuntcnd
bedroek slons certain reashss of its course: namely, froa mile & t»
59 and mile 54 to 50.5. The valley £t carved waried in depth froa
about 300 feet at mils &4 to about 150 feot at mile 50.5. Alpine
~ glaciation smocthed the walls of this wullay and gave it a character-

$stic U-shaps. mnthbmpnotthhnm:mumk,m-'

sequent rejuvenstion ef the atreaz has enabled it te cut narrow slot-
1tke eamyons from 100 te 150 feet into the bottom of the valley.
" Remants of the 0ld wvallay botton remain as rock cut benchss. At
Hossy Rock dsa site, mile 63.5, those benches are at am altitude of
A35 to 450 feot, about 55 te 70 feot above the river surface, and 105
uwr;m. above the bottom of the gorge. (3ee Plate III.) At Hay-
£1¢14 dan site, mile 52, the benches sre at an altitude of 350 to 360
feet, some 110 to 120 feet above water surface and 150 to 150 fest
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37a - PIATE VI

VIEW DOWHNSTREAL THROUGH CANYON AT MAYFIELD DAL SITZ FRGE
POINT ON RIGHT BANK 1000 FEET ABOVE RR TRESTLE.

Rock=cut bench on left bank is 120 feet above the water sur-
face. FPhotograph by A.F. Bateman, Jr,.




above the betton of the garge. (Ses Plate VI.) Gradiant of the
vallsy bottom 1s sbout 10 feet per mile,

30, Along the river bottoms, benehes underlain by inactive
elluviun or by gravel £111 eocur et several levels froa 20 to SO foet
above the river,



STRATIGRAPHY -

| Tho bedrock farastions of the Coulits drainage besin are Tertiary
in age, Older rocks ars eovered by u eocums\lankat of unknown
thickness eomposed of';;t\ury voleanic materials with subordinste -
‘amounts of interbedded and associated shales and sandstones. thin.l §£
drift and alluvium partly £111 the valleys and cover the older forma- —
tions on many of the ridges and valley alopes. Although all of the =
dam sites have foundations in the lava rock, sarficial Quaternary.
daposits are involved ia sach, Tertisry sandstones and shales are -
involved in Mayfield dan site, cnly. Areal distribution of the de-
posits §s shown en figure 2,

TERTIARY
Eocens

Pugst Growp

: ¢ 4 Shick series of continental deposits scnsisting of massive

sandstones, many of which are arkosic, interbedded with massive, sandy

) Mu,wmmm:,m@mu&ommmctun

Cascade Range in southwestern ¥Washington. Near the Youndary between the
mountains end the Puget lowlands, these deposits interfinger in a eoa-
plex manner with & merine and brackish water facies called the Cowlits

" forpation. The ;ruub-hrou sandstones and sandy shales of the Conlits

formation eont.ain & zarine invertobrau fauna, subtropical in character,
that 1s similar to the Upper Eocene fejon of California.td strata ef

I4

H ‘Neaver, Charles K., Geology of Oregon and Washkington and its
»alat te atcurrence 6f ¢dl.: A.A.P.C. Bmll. . wol. 26. Bo. YO. Oct. 19.4S.



the continental Puget Group arop out ab numsrous localities in the
Cowlits drainage basin, and 1ie behind the right abutaent of Bear
Creek Canyon dan site, but are not directly involved in any of the
oposed dam or reservoir sites, Ixposures of Lils group oecur in

- the neighborbood of liortom, about 8 miles east ef Stut-In daa sits,

and ccnsist largaly of sandstane, siltstone, carbonacecns shale and

.ml,dthwododmtm.rbsmxandmwutho.um

0Oligocene
Linceln formatiom _ _
Rarine, shaly, taffaceous sandstones with grits snd conglomerates
of this farmation probably covered all of southwest Nashington at cus
time, Thess strata arsfound in the lower Cowlits wvalley, Dut are not
involved in the dam or reservoir sites,

. noem'T\
77O

Thls series of volcanic rocks is exposed in the western part of
the Cascads Range south of Snoqualmie Pass. IV consists of andeaits and
basalt lava flows, tuff beds, aggzlomarates, and intercalated sediments
of lacustrine and fluvial origin, In thiciness, it averages scre than

.. 2,000 fect and locally in Wuite Kiver Canyom is about 5,000 feet. Om

-—

the east side of the Cascade Range it hrcportodwﬂmur;ﬂtopau

- }:/ Varren, W, C., Relation of the Yakimm Basalt to the Keechelus
tis Series, Jour. of Geol, vol. 59, 1M1, pp. 795-814.




wmder the Colundbia Rizer Sacal:s,

Bors than 8C0 f2eb 20 xr.- . -32lcanic rocks with imterealated
sediments are prasent i iU . 3lte, from 1,200 to 1,400 feet
of extrusives in tie Zospmeii-’ -1y ares, and from 200 to )00 feet
at Cowlitg 7alls 4ax 3d%3e | . . ::33 Tocks have not been traced froa %/
Srea to &r-2a, Maalr L0 . L. srlaticnships are wuniknowm. Data are ‘—Z s
fasufficiont o moric sub 1 [ & .1 l:2d geologic seeticm of extrusive "3 =
Tocks exposed In i3 Il oL 5y Cowlits and Tilten Eivers, or to “f 5
detarmine their totlal 'alimiua. : 3

The rocks at Mayiiyid »ad Covlits Falls have been correlsted ;__:“
taatatively with the Icechalzs. I the Losuyrock-Slut-In aresa, the % ,,
rocks look older than 3033 3% Sayfield and Cowlits Falls, and locally < ©
are deeply weathered, Poasidiy, xdilh these facts in mind, when mapping —i 5
Hossyrock das sita fr. Tarron Licught they might belong te the basis : {;
lavas assoclated with 28 Zocma Paget Group. npomottbhgronp ; ‘_:'
occur in the meighborsood of iori:n, and eonsist largely of mdstoaob: _§

siltstone, sarbonacsous zhals, nd s0al., They have predominent morther-
1y striks and stoep dips %0 %23 :ast. The extrusive rocks in the vicinity
of Hossyrock and Shut-In dax 3333 in general dip southward. ¥hat appears
to be Keachelus rocka erop out in the ridge south of Nortom with similar

. att.ttuda, and seoa to overlis tis Cocens sedimonts unconformsbly. For
these reasons, general as thsy may be, the volcanic extrusives in the
Xossyrock-Shut-In area are assisn=d tentatively te the Keecheluns andesite
saries and are thought o reprossnt the lower part of the series in this




area. The rocks at the dan sfites on the Tilton River resemble those
4a the Nossyrock-Shut-~In ares. .

Individual flows tend to be thick and massive. Where flow contacts
eanr be recogniged, they carmot be traced for any ¢onsiderable distance
Decause of Lhe heavy cover. 4t Mayfield and Cowlits Palls, flows can
bs recognized on the dasis of lithology, but in the other areas, the
exposed rocks exhibdit great similarity and it is very diffieult to
separate the flows om this basis. The flows are lenticular in structure;
some are gomposite, eonsisting of both flow agzlomerats and fore-set
sheets of lava so that the internal structure is very eonfusing. The
locatice and character of the vents froa which these lavas were extruded
are wninown. However, the massive gharacter of the lava, and the thick-
vness and comparatively wide extent of soms of the flows, suggest that the
vents ware of the fissure type. '

Rock types included in the Keechelus of this area ars:

Javas of andesitic or basaltie eomposzition, medina te dark grey,
fine-grained, dense, and massive. The ground mass is eommonly aphanitic,
iubedding smmll phenocrysts of plagioclase feldspar ia verying smounts,
and semstimes phenoerysts of ferromagnesian minerals. The upper parts
of many flows are vesicular in character, containing scattered gas
cavities and many amyzdules of quarts, ealcite, and a dark green te
black, greasy, clay-like material thought to be chlcrophacits.

Flow ezxlomerates of essentially the same composition as the lavas,
but varying considerably in texture and other features, _In gensral they
are made wp of an aphanitis groundmass including and cementing angular




%o rudely~roundod Iragments of the lavas, phenoerysts, mostly of
plagicclase, ard dxygdules., Some eontain a good deal of volcani:
glass in roundd 2rd Lrregular masses. On a weathered surfacs .. .-
sppear bromn dr Lrcwnish-gray in eolor, mottled by gray and fu'- - 2
aplotches xhers inyzdaloidal minerals have byoken out. Cn 3y /.
broken surface cay irs aediun to dark gray or brownish-—gray., . 1™
moderataly allarod, =rohadly by gases sccompanying the 2oa,

Il 38 ajmertal volcanic material wth an oecaxdcpal mall,
rounded, atszam-icra pedbls cesmsnted by a elayey metrix, Tha ulls ars
rather sofy, =cu3ly {lne-grained, and distinetly stratifisd.

Sedimerta casiating of soft, friable, poorly consolidatad, rmay
to buff aaziycras and blaek er variegated shels,

Dl 5 iodll or andesite whose superior hardness someties
eauses 3.1 v ..ad out in relief. The dike rocks are veary dense and
fine-grain d, ..» x=» contain sdmit e phenoerysts of plagicelass Jald-
spar. Jorialy Lavian surfaces are dark gray to black, mhich wealbars
0 oliro~0 2 reenish-gray. Nell-developed, ©losely aspaced Jointicg
porasl 30 a3 Ualls breaks the dike roeks into small columns a I:w inches
squars, I (i3s3 appear to ocoupy a rectangular fracture patiama iz
the extruairs rocks which they sut. Ia meny cascs they ars /ao thorcugily
welded to tia ralls of eountry rock that the doundaries are dilflcultl %o
locate.
| Thers 3sen, vomaet zones Letween lava flows ere of three iypes:

- 1 Tight and indistinet with 1ittls brocclation or altsration by
gases and 1531l evidence of subsequent weathering. Contacts of ihis




type uwsually separats 7. - . .. u*s aimilar in appearance and eomposi-
tion. The #ime Interval . . -3 Zows wmas prodbably relatively short.

2, Secoriacecus and ;.l7. Ividently sufficient time elapsed be-
twoen major wnits for 315 w:malation ef thin layers of soil or ashy
elays. Xhem t1sse beds 2 ovarridden by another lava sheet, thermal
motamorphiazm daked thea lito Drick-liks msterial varying im color from
pirnk to dull red to reddisi—ray. These ecntact scnes are froa s few
irches 30 2 37 3 feet thicx, Although fairly well indurated, they are
uch softar than the encloxing laves and are ususlly etched out by
weathering and srosion % dartas squalling their thicinssses.

3. Brecelztod, Scas Nows have brecclated tops varying from a
23w inches te several fest ia laickness that are usually bright red to
Jrayish-red ia ®lar. Tili cos is xade up of angular to slightly
Tounded fragmsnts of hardsnad lava 4n a fine metrix of red powder or
lava of the same composiiicn. Ia meny eases, phenocrysts of ph;io-A
3123e feldapar are very nuzarcus, and vesicles and axygzdules are
M.'Tmtatthomvm‘n mnu;dnto spongy. Brecei-
ation protably resulted f:-a ontinued movement of molten lava under a
hardened erust. The red 20l:r 1robahly is Lthe result alterstion by
accompanying gases. In oo instances, this sone is ovgrlain by a
thin breociated sone that appears to D more closely associated with
the ovarlying flow, This zone is usually dark colored.

Thess yocks are discussed in more detail in the section of the

report devoted o individual dam sites.



QUATERNARY
Pleistocens
Suring the Pleistocens epoch the western slopes of the Cascads
Sountains and ths Puget Sound structural trough were subject to exten-
3i7re and .rspeated glacistion., Russel first noted the existence of iwc
$111 ahoeta separsted Yy interglacial sediments iz the Puget Scund arsa.

~ lataer Bx*-atrlé/ recognized the possibility of another still older drilt

Jheet :a e Him Preirie. Troa exvensive field work in this ares,

14/ Brets, J. Harlan, Glaciation of the Puget Sound Regiom:
¥ashirzica Geological Swurvey, Bull. No. 8, 1913.

Yacidn3? 13 now of the opinion that thers are four drifts that can de

17/ Mackin, J. Hoover, Unpublished field data obtained by personal
tosmumication.

separatod on the basis of (1) depth of oxidation and weathering of tia
drift shoet in situstions where Lt has bDeen subjeet to weathering azincs
deposition, and (2) the thickness of weathered and decayed rirnds shomm
Yy boulders, ecbbles, and pebdles near the upper surface of the drift.
The sxtent of ice during the last or Wisconsin glacial stage is
fairly wll known. YVelley glaclers wers extensivaly developed on the
western slopes of the Cascade Eountains, and a massive lobe of ice fod
Yy snowiields to the north in British Colusbia oecupled much of the
Puget Zound lowland. North of the Skagit Eiver the walley glaciers and
the Pugst lobe coalesced to form & nearly contimuous blanket of ice.



South of the Skagit River, Cascade 1ce mas distinet froa the Puget
lobe. In fast, fce from the Puget lobe fnvaded the Cascads valleys to
varying distances within the mountain front, from approximately 21 miles
up the Sorth Perk ef the Stillaguamish on the north to 2 siles up the
¥hite on the south. ’thiainmion‘i.wwndod lakes in each of the

]2/ Backin, J. Eoover, Zastern margin of the Puget glacial lobe.:
Geol. Soc. America Proc., 1937, p. 248.

valleys sxcept the ¥hits, Bnttw mapped the tarainal =moraine of the

)9/ Brets, J. Barlen, op. #it.

Puget lobe snd shows its maximin extension in the vicinity of Tenino,

o/

Yashington. Subsequent work by Glover shows that Wisconsin ice ex-
tended as far south as the Eanaford Vallsy, a fow milss north of

2/ Glover, Sheldem L., Supervisor, Division ef Wines and Geology,
Departaent of Conservation aad Dwd.opmnt, Stats of ﬁa.shinzt-cns
persomal communicatiom.

Centralia, Tashingtom. 2rets also shows that the outwmash-desring
streans discharzed through the present valley of the Chehalis River.
_Hence, 1t would appear that during the Wisconsin age neither ice nor
outwash-bearing stresas ®xossed the divide betwsen present Chehalis and
‘Cowlitsz dralnage, The Nisqually was the most southern ef the lerge
Cascade valleys blocked by Puget ice and its deposits.

4]
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Soch less {s knomn of the earlisr glaciers, but they protadly Jg
‘ %
followed about the same routes and were probably similar in sharzectar.
Geclogic mapping in Lhe Comlits River besina has revealed %ill and
sther glacial and interglacial deposits tiat appear to be related o
three glacial ice sdvances. TVery little {s inowm concerning the rou’:;
followed by the glaciers that lsft the earliest deposita, Howsvar,
several lines of evidence suggest that ihey wers alpine in chaz;acmr)
beaded in the Cascade Range and wer2z not part of a continental zlacior
extending down the Puget lowland, They are:
. 3« Rock types found in the gravals and tills consist ¢f zndesitaes
and basalts comzon ia the Xeechalus flows exposed ia iLbe Comliia wallsy
sd adjecent aress.
2. The sumzits af the hilla datieen the Deschatas and Fowaulma

" Rivers that extend inte the Pugst lculind as far as S.miralia havs ngvar 1/.
been Mg/ @,.5‘
'3
Z/ Brets, J, Marlem, ep. sit. | /

lackin, J. B., unpublished 1214 data: perscral scxxunicatien.

3. Cccurrence of these dopcsitis near the south edgs of 0y Mlls
ssntioned under ftem 2 in loeations thst would de protectad fioa ica
moving southward in the Puget lowland, Cne would expect thocs arzaa W
De drift free if the deposits wers derived from Puget ics. '

Deposits gndo during later glacial stages were dy glaclers of the
alpine type hesding im the higher mountains ef the Cascade Range that
advanced down the vallays of the Cowlits River and {ts tributariss.
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~ Froa these data, 1% 13 cz:l . :d taatatively that at no time
in the ?ldnaeeuo was a3 7017 X the Cowlits River blocked either
by fce or Yy outwash deccsiiiy »J 2 sontinental glacier extending dom
the Puget lowulands,

. Jaciat drift (?)
4 Wrownish-red to 1i-onitiz yallcs-bromn, deeply iron-stainad,
‘M ghly weathered deposit of zravels i3 exposed st many localities
between the Cowlitz Fiver bslow the mouth of the Tilton Eiver and the
various forks of the Nexaukize Eiver at approximate altitudas froa 220
te 1,100 feet above zea leval. Iocaticns of inown exposures are shown
on figure 3. In & road cut 1.55 :xilos east of Xary's Corner on Stite
Mighway ¥o. § in SE}XEZ sec. 10, 7. 12 K., R. 1 7., ons of the best
exposures rsveils the following sectiomi
Sell. - Light zray, sandy, silty elay, with a
coarse granular structure. Apparently
forred by aetion of humus on underlying
metarial, 1.0 fout
Llay. - Derk red 30 light yellowish-red, lema,
sandy, 3ilty clay with a gramilar struo-
turv. The glay fraction is tough and
highly plastic, Claarly derived from
wmderlyisg mtarial, 1.2
grevel. - Brounish-rad to rediish-yellow gravel
with meny eobbles and & lean silty elay

matrizx, At bottoa of expcsure, 92 percent
of cobdlss eoald de carved with @ Inife, 7.8

,m
Total o 10.0 feet



434 PLATE VII

DECOMPOSED GRAVELS OF THE ANCIENT DRIFT (7?) IN ROAD CUT
ON STATE HIGHWAY NO. §, 2.1 MILES EAST OF MARY'S CCRNER
(SEE FIGURE 3)

Surface had been cleaned with spade which easily cut through
both matrix and the largest cobbles, Maximum diameter of
cobbles in picture is 4 inches. Photogreph by A.F. Bateman, Jr.




™2 12y nd sode of 2riiiy )! Si33a deposits ars unknown. Tentatively,
o2y W) congddored :‘:. 2.3 7.l and $ills related to an early
ol oy g0 advaied, 3.y Jebraskan or lansane All of the

Fio 7o ugooures fovad Yo labts 2ensiast of the gravel phase, but

o5 salieved o D3 3111 aas bean found beneath the gravels in a
1. Tha atiituds of laese duposiis is horisontal, and all appear
o zdarlly erosional rataer than darositicnal surfaces. Hence, the
YWihal lopia af ths cone of meatisring ind oxidatiom i3 uninowm,

Thens dsposits hars not deen racognized i the Cowlits valley
ato7s k3 zcath of tas T™Witca Rlvwr, Taqy ars af particular intsrest
Deexuse o0 1ielr cecurrance in the vicinity of the buried channel
Sohind the right abuizemt of Mayfisld dzz sita.

=3 zr179] phase tonsists of whel originally zers fairly well-
Tded avals, with 3 Hdlly 2lay =atrzix, containiag many cobbles
vazryizg la Lo 1 % 13 inehes in zaxi:aun dlametar., Plate VII shows
@ axpomrs > Sypical matarial. Tha surfacs exposures are iron-stained,
dsachad; 3nd »xddizad, resulting 13 1 -otilad appearsnes with predomi-
samt 3olcrs of brosmish-reds and Sremnish-ysllows, but with streaks
and >a3303 of whits, dlaek, purpls, and dark Sroms. BExcept for a few
seatiarad anpular Lragzents, 4hs jebbles ard eobblu‘u-c wesll-rounded
4n shape, Some are facetad cn cns or two aldes, suggesting abrasion
while hold firaly by Sce, but ncns were found with strintions., Hany
of the pebblas and a fow oobbles ars crushed and troken. All sre coz-

poaod.or andasitic and basaltie rocks such 83 areund in the floxs of

4¢



the Xeechelus formatica mmd intersecting dikes. Ths matrix {s a plastic
glay containing s smell amount of sand coasisting moetly of subrounded
to subangular quarts grains, Seattered, angular grains of black farro-
sagnesian ainerals and a fex rouwrded and frosted quarts grains are also
present,

The till 1s a 1ight roddlall;gray to Womish-gray, massive, compast
atxture of boulders, oobbles, and pebbles, with 2 non-plastic sandy

8ilt m=trix, The boulders and codbles are couposed of andesitic and

basaltic volcanic roeks siailar to those found in the graval phass,
They range to & maximin sixe ¢f 18 inches. Soms are stristed, grooved,

_ and polished, The matrix is mde up of angilar guarts grains, small

roundod gralns of voleamic rocks, scattsred grains ef a light-yellow,

-mm:clnynhml,atusmurmgmudngnite,mdmdd

bdlebs of carbonacecus material,
Ths relationship betusesn the gravels and till 43 shown in the

following section:

Dug well, 0.9 miles west of Saliu=m, %eshinctom,
SE3SEL sece. 11, T. 12 X, R, i,
Altitude of ground surfacs §52 fest.

Soil. - Light reddish-drowmn silty clay with a
Icose granular structurs. Coatains small
scattered pebbles that can be srushed
wWth finger. 12.0 fost

« = Brownish-red gravel with meny
cobblas and baulders Lo mediann size
of 12 inches and a light gray, lean,
silty €lay mstrix. Pebble sockets,
Joint surfaces, ard irregular splotches
stained rust-brosn snd dark trowmishe
blaek, Cobbles and boulders coveresd
with froa 1/15 to § inches rusty slay.
A feu complotely Md. ut most are
hard, especially toward lower part. U0

So



Sround Water Surface

I (?) - Dark, brownish-gray, dense, ccapact
with non-plastic sandy silt matrix.
Cobbles and boulders to 18 inches
maxcimm, camposed of volcanic rocks,

scine rotten, but moatly sound.
Bame striated and polishad,: 5.0

Total 3.0

Weathering and edidation of these deposits extanda ?;o an unknown
but considerable depth. 1In many of the surfacs outcrops of gravels,
sspecially those locatad on higher ridgss, nearly 1CC percant of the
boulders ani sobbles are so decayed and softanad as Yo be sasily
carved with a knife, and 80 leached that they ars very lizht in
weight. The original mineral grains have been ccamplataly altared,
but still retain their orystal outlines. The faldspars havs teen
altesred to & chalky or ysllowish-whits kaclin and the farrcmaznesian
minerals to & brown, iron-stained, elayey powdsr. Xany pebblas and
oobbles are coated with g filam of kaolin one-sixteenth ¢to cne-eighth
inch thick, and marny pebble sockets are deeply stained with ircn and

manganess oaxides. In other surface exposurss of the gravels, weather-
ing has ntt progressed so far and many of the largsr ocbbles ard boulders
are still sound, although theay exhibit rinds of weathersd material fram

one-eighth to one inch thick. Quits often these exposures of lass
weathered materisl are found on slopes below exposures of the highly

weathered material. Apperently the cover protecting these materials frec

weathering has been removed in comparatively recent times. The till as seen



I

in the well at depths of 26 to 31 feet below ground swface is less
weathered than ihe gravels., Nost of the cobbles and doulders are sourd
. although they smit & dull thud when hit with a hammer, show weathered
rinds up to ans-half inch thick, and contain kacliniged feldspar grains
‘4{n their ocutar 2 35 3 inches. A fow boulders are completesly rotten.
No satiaficicry axplanation has yet been developed to sccount for
the cracking and alickensiding of the outer surfaces of sume of the
pebbles, sincs ihs wnit tpp&r_enuy shows no evidencs of tectonic defor-
mation or of having besn bheavily lcadsd by either ice or sediments.

Older drift

Unconsolidatad but extremely ccampact glacial sediments are exposed
in the Cowlitz Rivsr vallay fram at least three miles downstream fran
Mayfield dam sits %o 13 miles above the village of Riffe, and in the
. Tilton River valley froem the river's mouth to Morton. These deposits
are distinguishad frem the Ancient drift (7) in being much less weather-
ed, but nowhere on the surface have been found in contact with it.
The Older drift mdarlies the Younger 4drift unconformably ard is :
further distinguished from it by being much more dmu and campact. :V jl

The Older drift is tentatively considered to de Illinciarn and is \
divided into two parts that have deen given t.ho field nazes &mt-ln (u, f\;ﬁi‘

— L4

Glacial Deposits and Tilton Deposits. Exposures of these sediments - \V\»
~J

L4 W

N

H

in parts of the Cowlits and Tilton valleys ars shown on figure 2. Q)
Shut-In Glacial Deposits. - These deposits have deen recogniged

Ja

sz

throughout that part ef the Cowlitz and Tilton valleys shown on figure
2, at altitudes varying fram 240 to 1,080 fest above sea level, and are
_especially well developsd at the heal of Shut-In Caryon. They consist



of $ills, outmsh sands and gravels, and lacustrine elays and silts

that are predoainantly light binish-gray in eolor. Therever the lower .
gontact has been seen, these deposits are underlain by wolcanic rocks

" of the Keochelns (?) series. ZHowever, $n a well at Salkum, they are
underlsin by decomposed gravels that are considered to be Ancieat (?)arift:

Section of glacial deposits, DeCoss well,
Salikum, ¥ashington. lLocation is midpoint
ef south line ses. 12 T. 12 'o, R. 1:0'
f.X. Surface altih:do 1s 562 fewt.

Zecent ’ .
Sei) 6 foet

Younger drift
Cravel, cobbles hard and fresh, semented
slightly. T2

Older drift
Sbut-In Glacial napouu. 311t, gt
dluish-zray, ncncalcareocus, slightly
plastic, containing some very fine sand
and a few small pebdbles. Under binocular
microscope it apgpears to be mads up entirely
of rock flour coaposed of fine angular uarts
grains with ainor amounts of & 1light yellow
Pesinous clay mineral. The lowermost 30 feet
eontains saall pockets ef woody ecal, and

& Mer wood, 263
Anclent drife (1)
Gravel, yellowish-gray, mod. 2
Total 345 fest

The wall was dug by hand to & depth of 116 feet and then sontinued
Wy drilling. Although the well is over 20 yoars old, the cwmer kept &
log of materials and retiined ssaples of the silts. Unfortunstely, no
sanple of the decomposed gravels was saved, liowsver, the omner's deo-
oériptioa fits the gravels of the Ancient drift (7) previously described.
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A gradstion curve of a sill sauple froa a depth of 115 feet §s shomn
on figure Ae | |

It $s difficult te odlain an acourste figure as to the depth to
which weathering and oxidation of these sediments extands because of the
roxcval of weathared material Yy later glaciers that advanced down the
?allay:Eid thedr sccompanying melt weters. \ 4s a result, most exposures,
egpecially those at lower positions with respect to the valley, show
raterials that are relatively fresh. [However, & few scattered exposurss
show evidence of prolonged weathering, the best of which is in a road
cut on State Highwy Bo. 5, cos xile east of Ajluwne:

Partial section of Shut-In Glacial BDaposits,
one mile east of Ajlune, Fashingtonm,
3‘1’.. b' soe, 15. to 12‘., R. ’ ‘o’
¥.K., Altitude of ground surfacs is
700 foet above sea level. Froa top domm.

Clay, light-gray, loose fluffy structurs, lean, silty,
with scattered pebbles to § inch mximn sise,
Contains sam angular quarts grains, a few fresh-
looking erystal fragrents of ferromsgnesian mineruls,
& fow flakes of drittle mica, and zany pebbles of
volcmice rocks whose ferromgneaian minerals hxve
been altared %0 & Wight red clayq material, 5.0 Lot

8?‘"1. w. f!’.’ m’]’ m’md“’ ﬂn.. with
mach coarse silty smmd, Pebbles are rounded,
coated with rock flowr, snd ocomposed of anduim
rocks. Naximua sise i3 } inch, All pebbles are
badly weathered and dreak easily. Teldspar grains
ars kaolinised, . _ 2.3

Sand, pale brownish-yellow, fine, slightly silty,
poorly graded, thinly laminated, with fine eross-
bedding. Some laminae are Lron-stained. 2.2

on



Gravel, ash—gray, &xopt whers stained red with
iron, compsct, fairly well-graded, well-
stratified, with cobbles to zaximua size
of 2 inches and a slightly silty sand mtrix.
Pedbles are somowhat softened and bresk with
8 dall thud. Poldspar grains sre ksolinized
and ferromsgnesian minerals altered to clayey
material all way Lhrough largest cobbles.
Many pebbles ars coated with clay and pebble
sockets ars ircn-stained.

Sand, black, deeply stained with manganese dioxide.

Send, deep, drilliant red, weakly cemented, fine-to
medium-grained, poorly graded, grains heevily
coated with iron-oxide. Jecattered pebbles
of andesitic rocks, to maxirum size of & inch,
They ars weathered all way through wdth felde
spar grains kaolinized,

341t end sand, in altermating beds froa 1/16 to
£ inch thick. Sand makes up lass than one-
fourth of deposit; is stained deep rust-color.
The silts are grayish-tan, except in top cne
foot where they are iron-stained, At top,
a 6 inch boulder is softaned and weathered

all way through.

S$il1t, grayish-tan, fine, noo-plastic, thialy
laminated, with laminae of fins, sven-

W’ «ilty sand.

Sand, 1light reddish-drom to taff, thinly
laximeted, fine, even-grained, silty,
oompact, vdth many silt laminae and
layers up to 2 inches thick.

Covered

Total

3e5
0.05

3.8

7.0

9.2

5.0

38.05 feet

on



The various materials that make up the Shut-In deposits are as
follons:

‘Ii1). = Light bluish-gray, very eompact till composed of a poorly
to fairly well-graded mixture of bouldars, ecbbles, and psbbles, with
a poorly graded silty sand matrix, Gradation of a represantative sample
i3 showmn on figure h. The till occurs in beds or msasses from & fow fest
o over 60 feet thick and in small lenses enclosed by the silt and sand
phases. The till &s usually massive, but some beds show faint stratifi-
¢ation, Boulders and cobbles are held temaciocusly, and the till is so
eoa;act as to make difficult the picidng loose of samples. In scas
sxposures, cobbles and boulders make up 30 to A0 percent of the total
mao,mmomcawqwhwmﬂattmunhéoapoudalmn
entirely of matrix with smell cobbles and pebbles. Haxirmian size of
boulders is 2bout 3 feet. Some of the boulders and eobbles have facetad
surfaces, and & few show faint striations and scratches., They are mads
up al=ost entirely of wvolcanic rocks such as occur in the Keechelus -

forzation, but & few are sandstons. The matrix is rock flour or mo. ?/
It consists ehiefly of angalar to subrounded particles of quarts wth
xiror amounts ef ferrossgnesisn minsrels, pusice, dark brown glass, a
1ight yellowlah, resinous elay minoral, smll, rounded pebbles of vol-
sanie rocks, and rounded, frosted quarts greins.

S11t, = Light pearl-gray to light bluish-gray, weathering to buff,
thinly lui._naM, sven-graired, slightly sandy ailtsﬂ, in bYeds from a few
fnches thiek to the maxizum of 263 feet in the well at Saliua. In some

cr



SHUT-IN GLACIAL DEPCSITS STAKDING ON EDGE, RIGHT BANK OF
CONLITZ RIVER AT HEAD OF SHUT-IN CANYON, 120 FEET UPSTREAK
FRC¥ DRILL HOLE C=2.

The silt bed is approximately 12 inches thick. Note that
the silt shows considerable intraformational folding and
crumpling, but that the overlying till is undisturbed,
Photograph by C.E. Erdmann, .




SAND PHASE OF THE SHUT-IR GLACIAL DEPOSITS, RIGHT 2ALX OF
COWLITZ RIVER, MIIE 64.2
(SEE FIGURE 2)

Fine-grained, minutély laminated, finely ripple-maried,
nearly horizontal sand with small lenses of fine silt,
Photograph by A.F. Bateman, Jr.
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S5¢c PLATE

SHUT=-IN GLACIAL DEPOSITS, RIGHT BANK OF COWLITZ RIVER AT
HEAD CF SHUT-IN CANYON, 70 FEET UPSTREAM FRCM DRILL HOLE

C-2, FIGURE 13.

Note the vertical fault that cuts deposits.

Strike is

N 38° W. Material to right of fault is fine sandy silt

and to left is coarse sand and fine gravel.
by C.E. Erdmann.

Photograph
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localities, many beds show intraformational faulting and folding that

is highly complicsted and intricate. (See pl. VIII.) The crumpled
beds are wsually overlain by undisturbed beds. Fxamination under a /
binocular microscope shows that ths silts are typicaf:n;o”qr rock flour.
They consist ehiefly of angular to subrounded particles of quarts and
ainor amounts of ferromagnesian minerals, pumics, glass, a light yellow,
resinous clay mineral, and amll, scattsred, roundad pebbles of wolcanic
rocks, Individual laminae are even-grained. Figure 4 shows grain-size
distribution curves of several representative samples, Lminaa of fine
silty clay and of ﬁne, even—grained sand are comaon. In places, the
material is varved. These silts no doubt accumlated in lakes and ponds
dammed by ice or debris.

Sand, = Well-stratified, highly cross-dedded sands, varying from
fine to coarse, occur in beds from a few inches thick interbedded with
silts up to deposits more than 60 foef thick, Thesc sands are dis-
tinguished frem those of younger deposits by their high compaction and
resistance to picking. Individual laminse tend to be sven-grained, as
4s shown by the grain-size distributicn curves, figure 4. Most of the
sands are light buff to grayish-tan in eolor, fine-grained, clean to
slightly silty, and oomposed of angular to subrounded particles of
quarts, with a few rounded pebbles of volcanic rocks. They commonly
are #inutely laminsted, finely ripple-marked and contain meny layers
and lenses of silt, (Ses pl. IX.) Medium and coarse sands ars less
common, and tend to be clean. Some contain lenses and layers of gravel
snd scattered pebbles. (Ses pls. X and II.)

—— - ww— =




Gravel. -~ Cosrss, ¢ompact, gravels oecur but are lsss commcn
Mothctypeaotaedimnu. Thay ars usually clesn, but msy be
silty. Because of their high pearmeabdlity, the gravels are highly
iron-stained in many exposures. Pebblas and cobbles are siailar in
composition to those in the till, but tend to be somewhst mors rounded,
and slightly more weathared., Matrix is coarse to metium, sommtices
silty send. Fluvial origin is suggested by torrential cross-bedding
and shingled structure. |

The total thickness of shut«ln sedimants {s unknown. A1 the head
of Shut-In Canyon, over 1,600 feet of highly tilted and overturned sedi-

ments are exposed., However, this thickness may include repstition froz

: \
faulting and folding. They are: -

Fartial section of Jlut-In glacial deposit.s
at head of 5mut-In Canyon, SEX, S%3,
8sccC. 10’ T. 12 lﬁ., Re 3 Ec, Eellay
lexls County, Washington.

Top eoncealed ’ 7aet
S11t, light-gray, finc, even-grained, with small
messes of till, 20.7
pp8ad 3ol
S511t, with sand sones, and mll aasses of till wp
- to & inches thick, Q.5
-T411, massive, stony, boulders to 18 inches. 9.9
Sands and silts, thinly laminated, contorted. Ul
Covered. . . h3.9
Ti11, faintly stratifioed, fine, small, scattoered
cobbles, small silt masses. 83.7

silt ' 7.1



Ti11, fine, mostly mstrix with scattsred eobdles
and boulders, and masses of thinly laminated
#11t, Lraces of bedding.

8i1t, thinly laadnated, highly contorted.

T111, fine, similar to that Wdiat,e.q above
Lirst silt.

snt , rather massive, highly shesred.

Ti1l, messive, boulders to 18 inches,

Sand, sllty, with scattered pebdles, massive,
conteins lenses of thinly laxinated, highly
contorted silt,

Silt, thinly laminated, wth su«nd layers from
i % 6 inches thick, scattered pebbles,

Hun
3i1t, thinly laminated, soue beds contorted.

541t end fine sand, thinly interbedded, very
dense and firm,

™M1l
341t, thinly laminated, soms beds ocontorted.

811t and fine sands, thinly interbedded, very dense

snd firc.
T4l

841t, thinly laxinated, soms zones contorted and
sheared.

S11t, mazsive to weakly stratified, sandy, bluish-
gray, westhers tuff, sandy layers and scattered

pebbles.

811t, thinly laminated, thin clay laminae, highly
" eentorted,

Till, boulderas to 18 inches in sise.
Interbedded layers of fine, even-grained, silty,

blue-gray sand; and fine, sandy, thinly laxinated

#ilts containing thin laainae of silty elay.

15.6
5.2

2.8
5.2
3.5

18.2

35.5
&3
13.0

6.9
&3
13.0

6.9
&3

1.7
3.5



sands oontain scattered cobbles and boulders to
12 inches, &8s well as small rmasses of till.
Thore is much minor erumpling in silts.

Ti11, very dense and firs, slizht stretification;
upper part fine with most pebbles under one
inch; lower part conieins many cobbles and

- scattered boulcers to 18 {lnches.

Intervedded layers of gruvels, sands, and silts,
with small scattersd masses of till., Over
%0 percent of deposit is fine-to-mediaz, bluo-
ray smnd. )

Covarod.

Till, asssive.

Covered.

Ti1l, masaive.

Covearesa.

Ti11, seszive.-

Covared.

Bedrock outerop, glaclal deposits siripped.

Covered.

Ti1l, massive, with amall lenses of thinly
Janminated, highly contorted silts from
4 to 2, inches thiek.

S5ilts, thinly laximated, with interbedded masses
of 111,

7111, sassive to 8light stratificetion, many
ionseo and layers of silt.

811t, with interbedded mzsses of till,
Yi1l, messive, in beds up to two feet thick inter-

bedded wdth silt beds, some of wiich are highly

esontorted.
Covered,

bl

59.3

68.7
87.6
12.0

9.2
15.7

25.8

3.7
7.3
57.6
Lih.1

12.9
1.1

Do e e — |
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T111, =sssive, with bouldars to 18 inches, contain
interdberddcd lsyerz of fine silt rear top.

Covared.

7111, fine-grainel, pebbles tc ore inch and &
few sezttaresd cobbles, Interbedded layers
and lensas of ailt. Yery poorly exosed. _

Till, contains silt layears up to 9 inches thick,
acatterod ocobbles and boulders.

S{1t, in beds up to 6 feet thicik with Interbedded
zones of stratified till and silty gravels.
Cut by nuserous amall faulis; many cruspled
sonos in silt layers,

Stratified d&rift, mede up of intertedisd layors of
silt, sllty sand, and ti11l. Lany cobdles,
scattarsd bonlders to 12 inches, Maximus
thickness of silt layers 18 inches.

8il1t, thinly laminated, ocontarted, with fine
lazinzs of sand and of lsan elay.

Stratifisd 4rify, as sbovae,

Silt, as abovs.

Stratified drift, as abowe.

841%, as above,

Stratified drift, as sbows, 811t lonses and layers

vary numerous, t111, fine, most of pebdles under

1 inch, scattersd cobbles and boulders.

S11¢, thinly laminated, erumpled, contains thin
lasirae of fine sand.

7111, massive, & few allt lenses and layers.

T411, massive, very dense, ecapact, Wwulders te
2, inches.

9.8

e.1

105.2

3.0

2.2

10.8

1.0
7.3
1.3
16.3
1.0

2.9

h.8
254
6.2

255



et - - SE————— WY = T

Stratified drift, ss above. 10.4
) 811t, with sandy s&nd pebbly layers. 3.1
Bottor of section cut by famlt. s

Jilton Derosits. = Bear the mouth of the Tilton Eiver, a saries of
sands and grsvels cutcrcps ot altitudes from 300 to 480 feet above sea
level. (See fig. 2.) Tiis series consiotr shiefly of grzyish-tan,
thinly bedded, fins, sven-grained; cleesn to sligntly liltj; sands, with
interbaided cosrser clean sands, gravels, and allts. Tlows seilments
are coxpact, reaistant to pieking or ercsion, and tacd to stend in
verticgl banks. Cut =i f11] structure is very eorzon, with grevels
and coarse sunds filling ehannels ecut into the flne sgnua. In the
Geatar of Wi sec. 3, T. 12 N., R, 2 K., W.X., at an altitude fro=
325 to 350 feet, coarse gravels dipping 37°, 5.73° #., maks up fore-

set Deds of a small delta., Thers is considerabls {ntraformatiocnal

faulting and some folaing.

The T{lton depoaits overlie and i1l clannsls cut into the Shut=In
glacial depoaits, One-fourth mile east of the highway bridge ovar the
Tilton River, fine, blue—gray #lts thst look 1ike those of the Shut-In
dsposits along the banks of the Coxlits River in sections 3 and 10,

T. 12 Ny, Re 2 K., K.M., aT0o interbedded with fine sands of the Tilton.
Cutwash gravels and sands of the younger drift wnconformably overlie
and in soae yheot n damoh out into the Tilton deposits.

*3

4




Younger drift _

Unconsolidated glacial deposits lsss coupsct and lsss weathersd
than the Older drift overlie it unconformably in both the Cowlits and
Tilton valleys. Distribution in the lower parts of these valleys is
showa en figure 2.

In genearal, the Younger drift appears slightly mors weathered then >
-the latest drift in the Puget Sound area. Cn this basis it is mt-ntive]:‘g)\ .
eonsidered earliest Wisconsin or Iom in age. \

The attitude of the Younger drift is essentially horizcatal. Coa~ 4\'-.'
poneat sedizents are: N

Jill. - Compect, massive deposits of till thinly veneer the Cowlits
valley as far domstirean as lossyrock dam site. Two larger masses fora
moraines behind the left abutasnt of Shut-In dan site (ses figure 13),
and saml) masses are interbedded with outwash. |

The ti11 s 1ight grayish-buff, smsaive, unsorted, non-stratified,
ocmpact mixture of bonlder;, oobbles, and gravel tightly held in a lean
silty elay matrix, In most exposures the till is fairly well-graded, and
in alxost all instances is practieally impervious., Cobbles and pebbles
. are almost entirely andesites and basalt darived from the Xeechelus (?)
_series, but there are occaaional pebbles of Tertiary sandstone and Mt.
Rainier andesits. Many of the eocbblss have faceted surfaces and a few
show strise. Qb oyt AJV" \1«4

Bxposed surfaces of the till have been pe}netratod by oxidat.ian and
weathering to depths of from & te 10 wu.’/ww 25 percent ot
the pebbles less than one inch in diameter found in this sone are softened
all of the way through., Other pedbbles and coddles are hard sad scund, but



434 PLATE

OUTWASH GRAVELS OF THE YOUNGER DRIFT IN GRAVEL PIT QN
SILVER CREEK~CINNABAR SCHOOL ROAD, NE2, SEf, SEC. 33,
T.13 N., R.2 E.

Coarse, slightly silty, sandy gravels interbedded with
coarse, clean to slightly silty sands., Note fore-
set cross-bedding, Photograph by A.F. Bateman, Jr.
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have softensd and discolored outer rinds from 1/8 to 5/8 inches thick.

Iy \‘ \v‘&

Cutzash., = Coarsely stratified outwash gravels underlies extansive bench
areas in the Coulits basin. (See fig. 2, pl. XII.) In the Cowlits valley,
thay are found froa below Kayfisld dam site upstrean at least as far as
the village of Riffe at sltitudes ranging up to 850 feet. In the Tilton
valley siailar gravals have been Sund st the three dam sites examined,
at altitudes ranging up to 1,300 feet in the vicinity of Bear Canyon.
Setween the Tilton &nd Cowlitsx x;ivm, these gravels underlie high
benches up to 1,300 feet in altitude. The broad, flat plain to the
scuth and southwest of Cinnabar achool between the Tilton River and
111 Creek and on the right bank ef Mill Creek is also underlain by
dﬁhr gravels,

These outwash deposits consist primarily of light grayish-brown,
fairly well-graded, coarsely stratified gravel-sand mixtures. Cradation
curves of typicil samples are showm on figure 5. 4lthough the gravels
oontain little fines, the pebbles and cobbles are costed with thin filas
of reock flour. As a result, the gravels set up to fora a compact and
rether hard aass. The cobbles and pebbles are subrounded to roundsd in
shape, and nost sre less than 10 inches in maxirmum dlaseter, although
there are cccasional boulders up to 12 inches in dismeter. Rock types
are mostly basalts and andesites from the Xeecholus (?) series, but a
few cobbles are Tertisry sandstones, Mt. Rainier andesits, snd mudbzlls

of the Older t11l. liost of the cobbles are hard snd firm, tut nesrly
all have thin, weathered and discolored cuter rinds. Approximstaly
10 parcent, mostly volcanic agglomerate, ars completsly decayed. The



finer materials also coosist chiafly of rounded grains of sndesitic
and basaltic rocks, but contain ubangular quarts grains, and scattered
dts of pualce.

Stratification is coarse, rezular, and lanticular in charecter.
Cross~-bedding 1s common, with dips in a general downvalley direction.
Shingle ltruct-nro i3 evident in many exposures. The gravcls are inter-
bedded with: (1) lenticular beds of ecarss, clcan sands, in beds up to
seversl feet thick; (2) lenticular beds of fine ailty sands; (3) smsll,
Lrregularly shaped lentils of cocarse clesn sand and fine gravel, beneath
and in the loe of boulders and overlying till masses; (4) eobble and
pebble bods, with no sand or fines; (5) thin layers of thinly stratified
glacial 8ilt, often mildly contortaed; and (8) lenticular mssses of ti1l
fron a few inches to 3 or 4 fset thick and 10 to 30 feet in lenrth.

The upper parts of the cutuazh show 1ittle effect of weathering,

" although & few grevel layers ars iron-stained. This is spparently ex-
plained by the fact that most good s:gposures of the naterial underlie
srosional rsther than depositional zurfaces, so that an oxidized mone
has not ad a chance to davelop. 1 oA wmmw‘»

Although large areas underlain by the outwash have been observed,
| no kettle and kane type topography has been seen. This, together with
the character of the deposits, suggest that the outwash 13 proglacial
in origin. - . Ay Y Aco® -
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Loess

Benches and rolling topography in the arsa between Silver Creeik,
Cinebar, and Riffe, are blanketed with a light yellowish-brown soll that
overlies wide areas of Younger drift and eraller areas of (der drift and
bedrock. Lecally, it 1s known as the Cinebar silt loaz, It has becr
ocbserved at altitudes ranging fram 400 feet to about 1,400 feet. In
thicimess it varies greatly fram & few inches in same localities to more
than 20 feet in others. ‘

In the cutcrop this material tends to stand in vertical banks and
has the character of loess. It is & lsan, silty, noncalcarecus to slightly
calcareous elay with low plasticity, containing puch fine sand ani a few
scattered pebbles up to ane-half inch in diaxster. The ecil is homogeneous,
nonstretified, and has & porous structure with many root holes. It is
pervious and abscrbs water resdily, Examination under & binocular micro-
scope mmmtmcwmimmrouxuedmmcmpouddmm
quarts, andesitic and basaltic rocks fram the Keechelus (1) series, ani
oocasional fragments of pumice. The finer grains are subangular to sub-
rounded in shape and ccmposed moetly of unfrosted quarts grains, scme of
whioch are lightly irocn-stained, but with sane grains of mica and ferro-
magnesian minerals. A gradation eurve (see fig. 5) shows that the material
is well-graded and that 53 percent of the particles lie betwesn the narrow
linits of 0.01 to 0,05 mm., the sizse range of most particles in loess.

The vertical distribution and grain character suggests that much of
this material was wind-blown in origin and posaibly was originally derived
from m\-.{f.;t.:im the Chebalis-Centralia ares at the southern limit of
the Puget lobe of Wisconsin fce. 3ince deposition, parts of it have been
partially rewcrked by slope wash, introdudng larger cobbles and, in
places, rude stratification. i



RECENT
Punice ‘depoaita

Several square miles of the Cowlits vallay in the vicinity of
Koanos, Randle, and the junction of the Cispus and Cowlitz rivers are
oovered with either one or two sheets of puxice. The older pumice
deposit consists of subangular to rounded grains of a light yellowis:-
buff, rather weathered pumice, averaging about one-eighth inch in
diameter, but with scattered fragments to one inch. Exposures of this
bed are nurercus along Stats Righway No. 5 in the Rainy Valley betwsen
Koamos and Randle, where its thiciness renges from 1 to 6 feet.
Carithers describes oge pit in which the pamics bed is 13 feet thick.

22/ Carithers, Ward: Punice and pumicite cocurrencee of Washington.
State of Washington Department of Conservation and Develcpment, Division
of Kines and Geclogy, Heport ef Iavestigations Bo. 15, 194b5.

The thickest parts may be dus to drifting. Scme deposits have been
pxiified and redeposited bty water.
The younger sheet is thin and in many places absent. It is mads up
of fresh, unweathered, light-gray pumice fragmerts. The two ahe&t.am
separated by 6 inches to 3 feet of yellowdsh-brown, pmiceous, sandy,
silty clay. The younger bed is covered with ome to 3 inches of scile. A
Both deposits are the result of punice showers froem Mt. St. Helens, , ..\«
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during poatglaciil time. The younger bed is very recent. '(lder trees <
of the arca are rooted either in the separeting clay or in the older . - .
pice beds. ' ‘A—\N\‘“




Colluvium

landslides in the Cowlits end Tilton valleys sre few and relatively
encll. The largest observed slide, om the right dank of the Cowlits
River in Shut-In eanyon (see figz. 13), h.lpprwd.aataly 400 foet high,
" and its maximum depth is estimted at not more than 75 feet. 4 complete
description is given in the section on valley £i11 st Shut-In dan site.
Seall masses of slumped asterial consisting either or bedrock or glacial
;aterial are fairly comxon, but none are at any of the proposed dam axes,.
A block of sluaped bedrock may be seen from the highway in SE! SE’ sec. il.,
T. 12 Koy Re 3 Ko, Hollo

Talus deposits are thin, superficial, and not very active. Probadly
fow in the lower Cowlits bdasin, {n which the dan sites are located, ap-
proach 50 feot in thickness. .‘ns- talns consists of angular joint bloecks
1ying below the base of rock outcrops. Voids betwsen blocks are partially
or wholly filled with slope wash msterials, derived mostly froa glasial
outwash and till deposits.

Alluviam
Inactive alluvium i3 used in this report te inclnde alluviua that

11es at higher altitudes than the present flood plain, It pnmllf is
covered with trees and brush and is mot reworked Wy the streaa while in
flood stage, Im the Cowlits and Tiltom valleys, fnsctive alluviua under-
1ics low benches, at elevations up Lo about 30 feet above strean level.
Total maxiism thicimess of inactive alluvium is probebly in the neighbor-
hood of 40 foet. Figure 2 shows distribution in Jower Cowlits basin.




Individusl exposures are small, ranging fros a fow hundred square fest
o about & ui‘u in extent. The inactive alluviua eonsists of ¢lean,
coarse, sandy, fluvial gravels, with occasional large boulders., The
gravels are well-stratified, considersbly ercss-bedded, snd shos well-
developed shingle structure. They are fairly well-graded, snd are made up
of msterials derived from the glacial deposits, with some additions fros
bedrock axposures. Conssquently, included codbbles and poddbles shos a
wide range (0 t¢ d-fnch} in thickness of weathered rinds. Rarely a cobble
s found with a discolored rind as much as one inch thick.

In Shut-In canyon and upstreanm at lsast as far as the RKiffe bridgs,
a thin blanket of locse, fine-to-mediua, ¢lean, sven-grained sand covers
glaclal dopoai;.a to an altitude of sbout AS0 feet, or scms 50 fest above
stroam level. This meterial apparently has been derived by the reworking
Shut-In glacial deposits and radeposition in fairly recent tias. The
Indians of this ares had a lagentd to the effect that this part of the

" valley mas a lake in their "grandfathers” time, 0o doudt blocked by a

log Jam in efther Dunn or Harmony eanycos. S

setive alluyiua forns a thin venoer on the base and sides of the
present d.rou channel. Throughout most of the courses of the Cowlits
snd Tilton rivers in the area examined, deposits of active alluviua are
thin, renging from 3 to 20 feet in thickness, with an average probably
less then 10 feet. However in the rock gorges, alluviua builds up to
considerably grester depths during periods of low water. At ¥ayfield
dea sito, for example, & maxima thiciness of about AO feet is atilained,
(See £ig. 9.) Ouring periods of high water, however, this alluviua is
Pesoved and the rock bottca swept bare.

e e ———— e —— e - — ——  — . —_— ——————— ————
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STRUCTURE

Ruqumeal aelebiae @ .,n\”?‘
Nountain stractars S 3
The Cascade Mountains and the Coast oo :: . sestern Washington
aTs nearly parallel morth-south trending Lf - m1 upfolds’ separated
by a downfold, the ’Png!t Sound depresal :n .. .3 Jouthward exteasion.
Uplift of thess mountains was started 13 ::; .ididls Hliocene Epoch, but
took place largely at the close of tho li:c w2 Ipoch. Events lesding

:‘s}S} to their developmemt are outlined ia 223 Sllowing briel sassary of

24/25/28/

ﬁhe Teriiary geologic history of the ar<a Sasad on work by deaver.

¥eaver, C. K., op. cit,
#eaver, C, E., Eocens of the lowar Coxlits River Valley,
5&6*1:@‘!’:0!1, Clm. ‘e&d‘ 501. &t’h 301'16:, 301. 71, Yo. 1’ w. 1916.
25/ Neaver, C, B., Post~locene formations of western fsshington,
Calif, Acad, Sel. hth Series, Vol. VI, Jo. 2, lay, 1915,

\

|
Nt
\

In earlisst Tertiary time the present ncuntains did no! exist. Most of \ |
the present State of Washington was a plain l7ing near sea level and
drained by westwmrd-flowdng streams, Durinag i:e sarly Zocens Epoch
Lhere was both marine afid fresh water deposizicn in basins resulting
froa differential sudasidence., Tiere follosed folding, arosion, and then
axtansive woleanic activity during which the sntire sestern half ef the
State to the western foothills of the present Cascade Hountains was
covered by submarine lava flows., Further crustal movements consisting
of north-gouth trending upwarps and dowmwarps formed a long peninsula
extending from Vancouver Island southmard alcng the present Washington
and Oregon coast. Bednd this peninsula a Fulf occupled the site of



the present Puget 3cund lowland and the eastera half of the Coast Range,
and connected with the ocean at the south end. mguus gulf, soms
8,000 feet of marine sediments, the Cowlits formation, were deposited.
On the east, 8,000 to 14,000 foet of brackish water and fresh water
sedimmts of ths Puget Croup imterfinger with these marine sediments.
During the Oligocene Fpoch, marine deposition in the gnlf contimed,
giving the uﬁdaﬂonu and shales of the Lincoln formmtion. Kinor up-
1ifts in esrly Miocens forced the sea to regress, but in Middle Miocene
subsidance allowed depoaition of more than 4,000 feet of marine sands e
and &ln.\-cmt Quantities of lava poured ocut at this time, blanketing
the area now occupisd by the southern Cascade Mountains, end interfinger-
ing with the sedimnts.

In late iddle Wiocene, western Sashingtcon was folded into a series
of northwest-scutheast treniing anticlines and synclines. During the
Pliocene BEpoch this area was subjected to vigorous erosion, except along
the coast whare marine deposition was taking place. At the close of the
Pliceens, diastrophic movenents that affected the entire west coast ef
North imrica wplifted the present Cascade Sountains and the Coast Range,
produting the imtervaning Puget lowland., During this disturbance, north-
south trending folds were superimposed upon ths sarlier structures, and
the present day topography was largely developed, except as it has since
boo/n modified by glaciation, Differential warping, possibly since deposi-
tion of the rédmt but before the glaciation that deposited the
Younger drift, rejuvena \st.reem axxd may have renemed uplift slong the
north-eouth trending folds. B
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Earthquakes

Festarn Tashington 1s an ares of considersble selsaic activity.
Sowsver, most of the earthquake ghocks are of low intensity. Far the
most part, these shocks criginate in or near Pyget Sound. The zost
severe earthquake shock experienced by this region occured April 13,
1949, wdth its eplcenter in a fault approximately 90 miles southmest
of Seattle, It had &2 maximma intensity of VIII en the modified Hercalli
scale. According to Associated Press dispatches, the shock was felt
throughout Jgshington and in adjacent parts of British Columbis, Cregon,
and Idaho, Damage was severs throughout nm Zashington, with eight
persons killed and property damage estimated at $6,000,000. 1In tbe
Chehalis-Centralis area, the shock mas of intensity VII1, seversl
buildings collapsed and total dasege was estimated at $500,000. Build-
ings collapsed in a mumber of towns in the lower Cowlits valley.
Throughout the Cowlitz basin, the shock was of inteasity VII to VIII.
Ca the Columbia River near Bonnevilles dam, several earth slides occurred.

The mors inportant earthquakes from 1856 through 1935 are listed
by Heck.  Ia the Cowlits Basin and marginal aress he shows no earth-

28/ Heek, N, K., Earthquake histery of the United Statss, Part 1,
Continental United States and Alaska, U. S. Departaent cf Commerce,
Coeast and Geodetic Survey, Serial Ro, &09, 1938. ,

quakes froa 1356 through 1870, and from 1913 through 1935. Froa 1871 te
1918 inclusive, elght sarthquakes are listed, Of thees, the strongest






BURIED YALLEYS

General
Both the Cowlits and Tilton River vallays dontain buried channels
mow f11led with glacial sediments. Thoe present streams are super-
imposed upon the older buried valleys so that their courses intertwine,
In wae plagu the present streaa fntersects the buried ehannel at an
sngls, in other places it follows a separate but roughly parallel
sourse, and in still otbc:" it occuples the same oourse snd has partly

»ro-mvaﬁd the elder ehannel. HNonce, & 4&r located st any poimt

except where Lthe course of the present atrsaa ceincidos with that eof
tae buried ¢hannel wil) be flanked by a duried gorge filled with
glacial dedris. In some eases, permendility ef the x;acinl sodirents
my be sulficient to czuse excessive resorvwir loss by seepage.

Preglaseisl valley of the Covlits River

Jocation and deseription. - Possible routes ef the preglacial
valley of the Conlits ars omtlined by cutcrope of bedrock, Since me
Ancient 4rift has been recognized in the Cowlits valley vpstreaa froa
the Silver Creck ares, the presences of the Older drift at or near
present strean level has been used to delineats the course of the
greglacial Cowlits., Its generalized course from mile A9 to mile 70
as measured on the present ttro.an, tozather with cuterops of bedroek




mofmmimghemm.hsm«qmz. Upstreas
froa mils 70, only & very btrief geslogis reconnalssance of the valley
bas been made. However, m;houtmtpper stretch, the preglacial
shannel appears to de wide and to eoincide with the present stream
valley except for adout three siles froa a point near the mouth of the
Clspus River, SE: ses. 31, 7. 12 W., R. 6 K., W.X., extending down
valley to SW sec. 34, T. 12 N,, R, § B., T.X. The present s.resa is
superisposed upon a roek spur of Tummater Kountain approximtely one
xile to the south. '
Troa mile 70 t0 mils 65.2 at the head of Shut-In Canyon, the jre-
glaeial shannel coincides with the present strean valley, snd is froa
0.2 to 0.7 allos wide. Through Rmti-Ia Canyon, the preglacial valley
8180 coincides with the preseat stresa eourse Lo near the mouth of

Cern Creek. Through this eanyon, the preglacial Cowlitg had cut a
marrow gorge approximatsly 200 fest deeper than at present. Its arcss
prefils as outlined by drill holes is shown on figure 15, and ¢onsists
of & U-shaped valley approximtely 300 feet wide at present stresm ~
level, with floor at about altitude 355 feet, into which is eut an
Saner valley spproximately u.o feet wide, with floor at altitude 220
Lost.

A% Corn Craek, the preglaeial channel lies to the south of the
present strean., A short distsnce domnstream it turns, intersects the
gresent strean at an angls and then continues northwestward behind the

T e e M REE AT AT g .- . —_ — -



right abutzent of lossyrock daas site. A cross profile of the channel
a8 cutlined dy drill holss and resistivity deterainations i{s shown on
eross section J=J', figure 9. 1In contrast to the marrow canyon a short
distsnce upstrean, the preglacial channel is here & broad wlley sore
than 1,600 feet wide at present stream level and 2,700 fect wide at an
altitude of 600 feet.

Froa the STl sec. 6, T. 12 Y., R. 3 E., W.K., to the mouth of the
Tilton Ri{ver, there ars two possible routes that the preglacial Cowlits
" eould have followed. The =08t likely route leaves the present Cowlits
valley and extends southward through the ¥ sec. 7, T. 12 K., K. 3 E.,
Y.M., to the village of Mossyroek, then turns to follow a morthwest
trend until it re-enters the present valley nesr the mouth ef the Tilton
Biver. Tactors that point toward this as being the most likely route
are: (1) the relatively flat ground surfacs throughout its length,
including the rather extensive Tiosayrock Plain® that coaprises all
dut the NE! of sec. 18, T, 12 K., R. 3 E., N.¥,, the northern two-
thirds of secs. 13 and 14 and portions of seca. 10 and 11, T. 12 K,,
2. 2 K., W.X.; and, (2) the presence of & larze mass of Stut-In deposits
4a SE} sec. § and XE! sec. 7, T. 12 N., R. 3 E,, W.M., whose deposition
is difficult to explain without such a channel, Ko dsep drill holes or
wells have Deon drilled om th; "iossyrock Plain" to prove or disprove
the pv;nmeo of this chamel., In & water well ocne-half mile south of

iloaﬁrock, the driller reported the followingt:




@ = 17 fest trom elay and doulders

17 = 39 foet gray elay and bowlders
Troa Eis desaription it is conclunded that the top 17 foet were £a 411
amm«mumﬂ&w«mmm&ucmmm
Older m. The cscxrremce of Shat-In deposits at thres localities
along the river im sec. 1, T. 12 K., R. 2 E., ean be explained as
baving been deposited ia tributary valleys that entered the preglacial
Coulits vallay st he exireme northwest corner of sec. 7, T. 12 K.,
Re 3 B., and {in thewstern part of vec. 2, T. 12 X., R, 2 B.

The second ¢f Lhe two possidle routes, from SE: sec. 6 to the
mouth of the Tilton River, is shomm en figure 2 as "Possidle Alternats
Route.® It is shorter and more direet. Bedrock is exposed slong the
preosent river bed and {n the hill to the south, det most of the ares
43 deeply covered with outmash gravels of the Tounger drift. The previ-
ously ssntioned occurrence of Shut-Ia drift in sec. 1 indicates a ¢hamnel
huuum@.mztwmnnunbmamwuw«m
the main preglacial Cowlits valley. Swpporting this viewpoint is the
Mrrow gap between dedrock ocutorops ia the SXE see. 6§, T. 12 %, B, 3 5.,
¥.X., Shrough which the mxia channel would have to pass if it followed
this rewte. m,nmmmhmzwam-m«poam'
were made {n one or mare tribtutary streass.

A% the mouth of the Tyltom River, the preglacial Conlits channel
wﬁumunauu-&a.mbl:wmushnmmmu
mm«mmhunmuuucomummm



Rivers and also a tritatary streaa from the east along the Tosaible
Altersate Route.® CZaplh te the yotk floer of the shamnel at this point
1s wainowm, but the Cldar drift (s ummally well-exposed. A profile
is showm om oross section G=G!, figure 6.

For the naxt tires xiles below the Junstica, the Older drift is
well-axpesed in Vanks along the Cowliis River. The left bank ef the
preglacial channel s outlined by bedrock exposures, but \he right
bank is deeply eovered by outwash rivsls «f the Yourger &rift. The
shannel was at least thres-fourths of a mils wide through this stretekh.

Rear Silver Creek, the shaunel 1is constricted between a ridge
underlaia by bedrock e xtending mortlmard from Mayfield canyon in X}
ses, 19 and U} see. 20, T, 12 1., R, 2 B,, V.M, and & M11 te ths north
of Silver Cresk that 1s otably anderlaia by bLedrock although it is
Deavily covered oa the murfics. Zamce, the main ehannel appesrs to
11e slightly sore than s dls north of Mayfield daa site. Older drift
hmrxmmorzaa‘cum-uv-,sem.ao,t.ul..l.zx..
Just wpstrean froa Hayfield dem site, mas prodably deposited in the
shamnel of a tributary, the preglacial Winstoa Creek. 4 am]l ¢hannel
behind the right adutzant of Nayfield dam site &s shom on Sigure 2.
Cross profiles are shomn om sections E-X! and F-PF?, figure 9. It
spparently was a relatively short tridutary channel because its floor
has & gradient to the northeast of sore than 300 feet pear mils.



Downstrean from the constrietion at Silver Creek, the preglacial
Cowlits channel widens eonsiderably. Oepth to the bedrock floor 4s
unknown. Cross section A-d?, figure §, shows a eross profile through
the valley ia this ares. .

Froa this description it is evident that the proglacial Cowlits
oecupled a broad valley throughout its length except for a stretch about
one aile in length through the present Shut-In Canyon, in which it flowed
through a aarrow deep gorgs.

Floor. = Portions of the floor ef the preglacial Cowlitg channel
csn be observed at nuderous localities near the mergin of the ehamnel
whore it rises to the present ground surface, At Hosayrock and Shat-In
dan sites, 4rill boles have penstrated it. 1In all eases, it i3 composed
of volcanic rocks of the Xeechelus (?) ssries. Cradient of the bedrock
floor is inown only in one locality, between cross section P-P' at Shut-In
dan site and J=J' at Yossyrock daa site, where it is approximetely 23 fest
per mls., '

Iill. = The glacial deuris filling the preglacial channel of the
éuuu ocusists in general ef Shut-In drift covered by ,a.xt.nsh gravels
of the Toungar drift. Relationships bohyen these depoaits are shown
on cross sections A-A', G-G', figure §; E-E*, P=F', figure 9; H~l', I-I',
J~1, figure 10; 1~L, B-U', M-B', 0=0', P-P', figure 14 end figure 15.

The various types eof sediments somprising the Shut-In drift have
beea described previcualy. All types occur in the greglacisl Cowlits
¢hamnel, with s slight suggestion of arrangement as fbllowst



1. 7rom the Riffe bridge to the mouth ef Sulpwr Cred; these
uﬁmommprmrmormmmmmionn.m
of which are varved, silts, and fine silty sends. Permsability of
these sedinints i3 extremely low. They are highly folded into tightly
sonpressed anticlines and synslines, end are considerably famlted,

2. Prom the mouth of Sulpdur Creek to cross sectiom P-P* in
Shut-Ia Canyon, the Older drift eonsists of till and pebbls slays that
appear 0 be till slightly reworied by mater interbedded with many silt
layers froa a few inches t0 several feet thick, and ocecasiomal beds of
outwash gravels. Even the cut=ash gravels are silty and have low te
ssdium perasability. Other beds have very low peraeability. These
deposits are standing oa and and sme are everturned. There is mch
small scale intraformatioml fanulting in them.

S. Through the resainder of Stut-In Canyon, the sediments are
sixilar in character ut tond to de finer. There ars more silt beds.
Faulting is mach less noticeabls and the folds are gentls and open.

&. Troa the aounth of Corn Creek to the hesd of Dunn Canyon,
the sediments are mostly horizontal er geatly dipping, fine, even-
grd med, very eompact sanis, Permesdility of thess beds is low,

S. From Xossyrook daa site ea downstream, the sodizents are
moetly thinly bedded glacial elays and silts with minor amount ef
sand, These bods are in most cases horimontsl er with gentle dip.

In & fouw Jocalities, as for exazple in SWi ses. 3, T. 12 5., R. 2 K.,

X



near the mouth of the ril;.on River, there are masses of till, pebble-
olays, and outxash gravels. These meterisls aloost alsays show more
ooq;lcx structures and steeper dips than the silis and elays.

The outwash gravels of the Younger drift are as previously described
and in general have mediua to high permeadbility. The boundary betwoen
the Older drift and the Tounger drift is very irregular. !;t,cr moves
along the contact, so that strings and seeps are comron throughout the
Coulits valley at the top of the Clder drift. Iu a result, the fines
have been washed from a sone gt the botton of the Younger drift that
varies from a few inches to a foot in thieimess. This sone is highly
perneable., Consequently, the altitude of the contact and this everlying
porasable sone in various portions of the buried channel may de the
oontyolling elevetion for s dam site. |

Preglacial vallay of the Tilton River

A drief reconnaissance of tho Tiltom River valley in oonnection
with Bear Canyon, Cooper Creek, and Tilton dam sites has reveslsd &
preglacial shannel that probsbly extends %0 eonsiderably below the
present strean bed of the river. Exposurss of Older drift indistinguish~
able froa the Stut~In glacial deposits cocurs froam the south of the river
at least as far upstrean as Morton., Deta are a3 yet insuffigient to out-
1ine the sourse of the preglacial ¢hannel, but it is delieved to llie
dehind the right atutasnts of Bear Canyon and Cooper Creek daa sites, and
probably entered the preglacial Cowlits near the mouth of the present
strean.



Glacial diversics channel

~

Benind the loft abutment of Shut-In dam site is & filled charmel,
Its relationship to the jresent strean and to the proglacial channel s
Mcnmumticnro?‘,tumu.miumnmimdé
figure 2. The channel lesves the preglacial chamnel in 8E: &% sec. 15,
extends through 33 sec. 15, fallows a northwestward course across MEi
sec. 15, and re-enters ths preglacial echannel in Sl sec. 9. All sections
in T, 12 B, R. 3 E,, VX, A detalled profile of the channel, cross sec-
tion NPV, figure 16, shows a ehannel excavated into the volcanic rocks
uwmuucr)mumamammamhmrm.
Tloor ef the ghannel s at altitude 538 fest or 110 foet above the
present river ded and 317 feet above the floor of the jreglacial channel
in Shut-Ia Camyon. Some of the diamond drill eores taken from the rock
foundation give the iupression of oonaidersbls weathering. The material
£i111ing the channel below altituie 717 feet {s interpreted from samples
as Sut-In glacial deposits ef the Qlder drift. Ia charester, this
material is very similar to the pebble-elays, tills, and sands af these
deposits st the head of Shut-In Canyome Overlying these sediments are
eutwash gravels and sands of the Younger drift, which {n turn are soversd
with fram 5 to 20 fest of the Cinebar silt loaz.

Remarks previoualy made regarding the permeablility of these sediments
ard the ecntact £ons betwsen them where they fill the reglacial channel
apply equally well to the present case where thay f£ill s diversian
shannel,



 MATERTALS FOR CONSTRUCTION

Xeny of the materials required for dam eonstruction in the
Cowlits basin would have to be imported. Accesa to the various
sites by rail and truck transportstion is discussed in the section
on dan sitss.

Cament
. %o limestone suitable for the msnufacture of Portland cement is
found in the Cowlits dasin, However, Portland cement is resdily avail-
able Yty a comparatively short rail haul froa plants operating at Seattle
sad Grotto in King County, Bellinghaa in Whatcom County, and Concrete
in Siagit County.

Clay and ¢lay products
Clays and shales suitable for the menufacture of brick, drain tile,
and ether structural wares, is provided by the Puget Croup and by Pleis-
tocene agueoglacial clays. Buff and grsy-burning clays suitable for
high quality structural wares and tuff-colored facing brick occur in the

Buswell farm on the sast side of the Cowlits River, Ni: sec. 25, T. 11 K.,

R. 2 ¥., B X, Deposits of ¢lays suitables for red and browm structursl
wares are found st many localities in the lower Cowlitz desin in the
vieinity of Vader, Winlock, Repavine, and Centralia., OCne plant st
Chehalis manufactures common briek and drain tile.



Coal

Coal, varying ia rank froa sub-bitumincus to anthracite, eccurs
in the Soceme Puget Croup at several localites in and adjacent to ths
Cowlitz besin. Anthracite coal i{s found near the hendwaters of the
Cowlits River ia a triangular-shaped ares extending from ?gckrood to
Carlton Pass to Conlits Pass. Outcrops ars especially numercus along
Suzait Cpeek. This coal i3 mined near Paclosood. Bituminous coel is
mined at several localities im am ares in the upper reachss of the
Tilton River extending froa Eorton northward to kinersl, Sub-bitusmi-
pous eoal cocurs in a belt extending along the lowcr Cowlitz valley
from Vader to Kelso. It is xmined at Castle Rock. Sub-bituainous eccal
also waderlies an arca in the Chehalis River basin extending from
Chehalis to Teains, and is mined at many localities. Near Bucods,
ccal is taken froms an open pit.

Concretes aggregate

¥aterials for concrete aggregate probably can be obtained locally
at any cne of the proposed dan sites froa the sctive or inactive al-~
luvium er from the outmsh deposits ef the youmger drift. Figure 2
shows the aresl extent of these deposits in the vieinity of all dea
site aress, wWdth the exception of Comlits Falls. Gravels froa any
of these sources would be composed almost entirely of andesitic and
basaltic rocks from the Keechelus (?) series. Of thess, only the
fragonente of wlcsnie agglomerate and tuff would be psrticularly
weak, Cradation of these materials is similar and ranges froa poorly



graded to fairly well-graded. A4ll are probably lacking in fine and
modiux sand sises, and hence would uqdn processing. Gravels froa
the Tounger drift would reguirs washing. The active alluviua would
furnish the soundest material with the smallest percent of weathared
and decomposed grains, but tends to eccur in small, {rregularly c&pd
doposits, the largest woluwe of which {5 below ground-water level.
Cravel pits would be sost easily developed in the Younger drift.

Active alluvium hss no wm, the inactive alluviua from a few
inches to a few feet of sllty, sandy soll overturden, and the ocutwash
dc?oaitah'ou).hmfntcf soil overburden, for the zost part Cinebar
si1t loam, Because of the lenticular character of these deposits,
espetially thoss of the Tounger drift, extansive exploration and testing
w111 be required for the location of aggregate pits.

Eleetris Fower
mnﬁtwwmwc sites, but no developed
storage sites in the Coslits besin. Ca the Xisqually River, approxi-
mately 20 miles north of the Cowlits River, the City of Tacoms Light
Division has a power development consisting of one storage resarvoir,
two dams, and two power plamts. Data on these power sites ars sun-

marised in the following table:



-Ingtalled
Capany Kame Plant Kame Strean Capacity
Pacitwood Klestris
Coe - Hagar Creek 25
Rainfer Natiomal :
Park Co. Paradise River | Paradise River 1,200
Washington Ges & )
Klectric Co. Borton Righlard Creek 125
Taccma City Light la Grands Maqually Rives 53,600
Tacoma City Light Alder Misqually Rivery 67,000

The Borneville Power Administration Mossyrock te Norton, 69 XV, single
eircult trensxission line ercsses behind the left abutments of deth
Kosgyrock and Saut-In dan sites.

Ssbanionent material

Eobanikment materials of varicus types are locally availabls
within ecmparatively short haul distances of esch of the dam sitss.
Cood quality impervicus matsrials can be obtained from the (lder
drift, especially the 4411 and the elaywy, silty, sandy, stretified
drifv facles. These materials are fairly well-graded (see No. 7,
figure 4), and have Bigh shear strengtk and relatively low perme-
abllitys, The chief difficulty in utiliging these materials would
be finding dorrow pit locations where sufficient quantities were svail-
able. The silts and silty alays of the Shwt-In deposits, although more

(Do)



abundant, would make poor imparvious embanikment material becauss of
thelr poor gradation and lower shesr strength. Purthermore, with
811ty material of this type, &t is often difficult to secure sdequats
mction mhen placed in the embankment. %41l from the Tounger drift
would aloo make excollemt {mpervious echankment material, but only in
a few localities doss it occur in deposits of sufficient volume. (See
figure 13.) Setisfactory impervious esbaniment meterial ocould be made
by excavating outxash gravels of the Youngar drift together with the
A overlying Cinebar sili loea in shovel cuts adjusted so as to take the
proper anunts of each to give a well-graded mixturs. lLarge voluaes
of these materials are availadle inm both the Tilton and Cowlitz vallgys.
(See figure 2.)

large quantities of excellent semiparvious and pervious embankment
meterials are available in the outwash gravels of the Younger drift.
Gradation curves of three samples are showm on figure 5., 4Active and
inective alluvium would also provide porvious embsnicaenmt materials.
Rxtensive field exploration and testing would be mecsssary to ocutline
borrov pits from which mterfals could be obtained that would be satis-
factory for each typs of m.

Natural gas
There i3 no source ¢f natural gas in the Cowlitc basin or nearby

aress.



Poszuolanic materials
No possuolanic materials eccur in the region.
Pusdce

Two pumice aheets oocur in the upper Cowlits ullq abeve the
village of Eosmos. They are descrided on page 47 « The younger ehest
$s too erratic in outerop and too thin to be of valus, but the older
sheet i3 continuous over fairly large arcas. Carithers measured 26
stratigraphic section {n which the older sheat varied froa 4 to 156
inches, and averaged 47 inches in thicknsss. The thickest deposit
located iIn the center of sec. 5, T. 11 X., R. 6 E., W.M., contains
material that hzs been reworked by streaz action and redeposited along
the edge of an abandoned elunnolott.hc.t:pum'rc?ythhp&th

a/ cmthm. m. OD. dto. Pe 19.

now bd.ng ‘lorbd by the Hestern Sales and Mamufacturing Company, Seattle,
ts obtfd.g cggreget:c for light weight ooncrete bullding blocks. ¥Then
pwnd,thlnmicemldbcniubh baddtoeoucrm\um.daim.
to inerease workability,

Many of the basalt and andesite beds of the Koechelus (?) series
are ntticieni]; w, dense, and resistant to weathearing to be satis-
twury. mrcas i’ox- rubble, riprap, and mssonry, Other rocks in the



Keechelus (?) series, including volcanie agglomerate, flow breceis,
and wi'f beds, would not be sufficiently durable and resistant to
weathering for these uses. Aidequats supplies of satisfaclory rock
should be avallable in the vicinity of sach of the dan sites., Ix-
ploration for a quarry site should include studies of the joint sys-
tems and specings of the yock under investigzation to insure ebtaining
mterials of the required dimensions.

Sand

Sand deposiis are pumerous throughout the Coxlitg and Tilton -
valleys. In general, the sands are poorly graded and would not be
sstisfactory for the uwse in manufacture of econcrote without some
processing. Beth the active and inactive alluviua contain smll,
erretic, lenticular beds of sand, These sands are generally medium-to
coarse-grained, elsan, and poorly graded to even-grained, The outwash
deposita of the iomgar drift also contain small, scattersd, lenticular
beds of sand, wsually slightly silty and in most eases poorly graded.
The Clder drift oontains large quantities of ﬁ.ne, even-grained sands,
that are usually clean but sometinmes slightly silty. Kesr the mouth
of the Tilton River in NE! sec. 3 and eenter ¥} sec. 2, T. 12 K., |
R, 2 B,, W.l., in the Tilton deposits, fine sands with thin silt strata
and grevel lenses have a thickness Sr more tha.n 50 foet., On the left
bank of the Cowlitz River Just upstream froa Yossyrock daz site in
X} SE} sec. 8, T. 12 E., R, 3 E,, W.K., fine, even-grained, elean sands

de)



occur in & bed that is estimted to be 40 fest thick, Below layfield
dan site in bluffs along the yight bank of the Cowlits River in W
sec. 2, T, 12 X., R. 1 E,, 70 to 30 feet of fine, evon-grained, clean
sand underlis 20 to 30 feet of gravels of the Younger drift that eap
the bench. |

Tisber
Bouglas fir, healock, and cther timber is available locally in
abundance, Sgversl samzills are operating in the Cowlitz besin,

Baster Supply
Water supply at all of the sites is abundant and good.
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MAYFIELD DAY SITR
12 K 3
{(Figures 7, 8, axd 9)

Location _
This prospective dam aits is sltuated in the vicinity of mila
51.9 cn Cowlits River in S} 594 sece 20, and ¥d Wb sece 29, T. 12 N,
Re 2 E., Willametis Meridian, Lewis County, Yashington.

31/ Plan and Profils of Cowlita River, Mils 42 to Mls 97, Cispus
Uyer to Mile 32, axd Tilion Zdver to iidls 19, VWashington Cam 3ites.
Sheat 1. U. 5. Coalogical Surveye. In preparation.

The special dam site surveyss is cn a scala of 112,400 (1 inch'=

}_2_/ CPe clte Sheet 7.

200 feet), with 5-{oot contours on land, and covers an area of about

20 acres. Ths accemranying geologlc map, figurs 7, has been preparsd
f*mtﬁaapacialmw,mmrmaksofc.ar‘tymbm >0-1oot. |
emtmmmaham. Aayﬁddmsiumuitsmfmmvimgeof
}.a.yﬁeld,abuztamle t.zeeutcnthorigntbankaftherim.

Accesslbility
State Highway lice 5 crosses Cowlits River at Mayfisld, the nearest
settlomente This rcad i3 surfaced and open throughout the year. The
riyer 1s bridzed just abova the dan sits by 4he Cowliiz, Chashalis and

O



Cascade Railroad, ard acceas to both banks is easy. Nearest acccmmo-
daticns are at Yary's Corner on U. S. Highway Bo. 99, 12 miles west of
Eayfield. Centralia snd Chehalis are about 25 miles by road frem
Fayfield, and Clyopda is 30 miles farther morth. '

-

Purpose of jroject

Development of water power is the prizary purpose of a dam at this

locality. Storege for flood comtrol is & secondary tutma.
In their repart an the Cowlits iiver, the Corpe of Enginsers

w Cpe cite. o,

describe the pxcject in the following worda:

"5, = - = At this peint the river flows in a box canyom
in dasait rock, with nearly vertical walls about 100 feet in
height. A danm mtmmmmmmumm
tion of tail-water for site 12 }X 2 (Mossy Rock) above. Sush

eet long at the watsr surface and 225 feet
130 feet above. The total height from bed

&8
I

250 foot. Atemdﬂﬂmmmnoododmwmmu A
abmtl.&wtcm,mdthctoulm capacity would be
70,250 acre~-feet. Ccuiw:mgthia uminupuxiantmit'
its econcczic drewdown would be €0 £ mmmp-dmihh

t=-hours

(de]
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N

M 38 = - = A rresoure condult would be requirsd from the
dam 5,000 faet to power house al the foot of Mayflald Canyon,
. in secticn 17, townahdp 12 north, rangs 2 sast, dlllamette
meridiane®

Wit this site maximua power .developsent would be secured
b7 the use of all of the head witiout drawdowme. Flot’ reguli-
tion would be secured with storags at sites sbove.  The clova-
ticn ab low water 13 250, and at the crest of the dam 13 380.
Ths head availablas for power would be 130 feet.? -

~  mM39, IZIatizates of the water available for aits 12 X 3 are:

K

:
Drainage arse, 1,396 aq. miles: Total for basin
3

Psr 9q. mila

55960 second-faet
4,300,000 acre-
Loot

'ﬁmof:. average rate
Zuncl?, average aonual total

FRatural flow S0 per cent of

Le7 .aoca:i-fgct

the tize 1,810 second-{oet 1.30 second~{oet
. [atural flow 50 per cent of _
( the tine 4,700 second-foet : 3.37 seccrxi-feet

26 46 68 90 00 65 9o 0% B4 Juo B0 we

o> S0 S8 00 B¢ s 49 S e

Zegulation of the flow at the site cwlibnaccmplishadtdxh
storags of 1,235,000 acre~{eet at six aites above, -

Swhwcmm;r&mnmummmmnw
in tha tabls belows 7%ith an cperating head of 150 fest power could
be dsveioped as follows: .

. Hlth natural flow

ermxdﬂm

w-o-»n»nuuuu
un,’o'n«nnunu
[ 1]

$ $
3
50 per cent of the time 1,810 ¢ 14,200 3,9 3 31,C00
' s :
50 per cext of the iixs 4,70 t 36,700 4,750 s 37,100
Al
o g ot

am



Previcus explorstion
| 3/
During the Sumser of 1325, the late Ira A, Williams, consulting

34/ williams, Ira Ad., Baport on Geolgis Conditions at Dam Site No. 2,
Mayfiald Canyon, Comlits River, Yeshington, Portland, Cregon. Septecber,
1925. Exinibit 24", Vol, II of Report on Proposed Hydro-glectric Develop-
ment, Cowlits Rdver, Washington, unpublished report by Ralph De Tacoas, -
Consultirg Engineer to the Bacius-Brooks Campany, Mimnsapalis, iirnnesota,
December, 1928.

geologist of Portlamd, Cregon, sxplorsd and desseribed the geology of the
lover part of ¥ayfield dam site in considerable detail for the Bacius-
mc&mdﬁmpouu Tho area mappsd was scmewhad larger than
that included in the present survey, and extends about 600 feet farther
downstresn. Physical explorstion included 31 test pite, 19 diamoed drill
holes and 8 trenches, with the axcemtion of the diamand drill holes
mmmaum,mofthiawrkh&mmt{gmzbmm
Bost of the localities have been chlitersted and no longer camtribute to
the surface geclogye. Howswer, all drill holes are shown on figurs 8.

¥ield work _

A dotatled geologle map of the dam site (fig. 7), vas meds by .
Waltsr C. Warren, Septamber 1936. Dm‘inathotiddmaofl%?uﬁ
1968.59dﬁ11hohcmmdmbythau@tw,cuycf
Taccmae Locations of these holss are shown on figure 8. Zxamination
of cores and samples from the drill hales was made by A. F. Eateman, Jr.,
April 19 ¢0 23, 1948 and August 3 and 4, 1948.
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Catchment basin
The drainage tazin of Coadita River above Hayfield dam aite has an

area of 1,347 square milss, or about 54 per cent of the total area of
the basin of Cowlitz River. Hithintl;aumof%hyﬁclddmaih,
438 square xiles ars ocoupiad Ly the basin of Cispus River, ths principal
tributary of the upper part of Cowlita River, and 154 oquare miles lis
in the tasin of Tilton River. Hence, the trunic stresm of the Cowlita
drainsabuxt?ﬁsqmguas,mi%aqmnmnuofmaamm
above the mouth of tha Cispus. The counmtry drained is roughly rectargular,
extending sastward frca the crest of tue Cascais Barge. Streem patiern
i3 dendritie and relatively sizple. ¥ost of the country is heavily
forested, and precipitation iz in the form of rain. Some of the upper
basins of the Arunk Coulits ard 4he Clspus include porticns of the flanks
of Hourt Aaimiar and Mount Adams, hizh, rugged, inaccessible terrain -
cccupied in part by ziaciarse Thair pell water, dowsver, makss a negli- .
giﬂevﬂmd&sdm,mwa\gmmmﬁcsdmog U
the headwaters has disappearsd at :ayfiald dam sita. © A

Streen gradiant ‘
Gradients on Cowlits fiver in the vicinity of May2isld dam site
arerage about 3 feet per mile, mmughthodmdu,hm,fwa

35/ Plan and Profile of Cowlita River. Cpe cite Sheet 3.

dlatance of gbout 1,100 feet, the gradianmt i3 cnly Q.1 cote Just below tae
dan ailte, where the owilt cwrent tiurough ths zorgess drors its load, thers
is a gravel bar that causes a local Iincrease in gradient during low water. .
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wall rises contimously as a slope of abous 1 an 1 to ths terrace

lsvel whers it flattens to about 3 an 6, and comtinuss at this rate to
the lovel of the upland surface. This topography results in an aayme-
zetrdio profile for the imner gorge, and a convex profile for the ncrth
bark as & whale. (See £igs 9¢) The inner gorgs, however, is not an
unrelisved bax canyen. Its middle portion is brckes cn either side by
the passage acroas the vallay of & sandstone-shale mecber intercalated
Mwmm,m»mhwzﬁ.@mm@

sheer walls are breached from top to bottame mtopogmpiﬂ.cupudoa .

of this non-reeistant nenber, modified as it is by a mantls of Lasalt
talus, is well shown on ths dam gite map, ard fwrnishes an important
clus to cne of the defislent features of this site. Soms 600 feet

downstrean another week unit cuts dlagenally across the gorgs and the
wall 15 broached againe The nortiwest extension falls cutside of the

. pap area, bul ths scuthsast extensicn entsrs the map at ths soutinvest

corner, near P.T.Bdle 254 Unfortunataly, the topography in this area
is alightly insccurate, with conssquent loss of expression of the
woak element. ‘ ' ’
Apparent possible height of dam
Topographic conditions suggest two prospective dam axss:s (1) the

~ gorge bensath the railroad bridge, figure 9, G-H; and (2) the second

gorge about 600 feet downstream, figure 9, C-D, B-F. Harsafter they
will be rsfarred to as the Upper and Lower or No. 1 and Ho. 2 sections.

[ al
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The Upper section appears to be suliabls for a camparatively low
nascary dama Crest elavation would stand near the level of the ald rocke
cut bench, or at about altituls 340. Such a structurs would stand about
100 foel above mean water lsvel, and about 150 fewt above foundasicn.
Crest langth would be aboud 170 faet. Cackwatar frem a dam of tils
elovation would extend 11.0 milss upstrean into Dumn Caryen (Yossy Rock
dan site). | , )

The Lower sacticn alao appesrs suitabls for a mascmxy dame Alti-
tide of crest would be about ACO fsete AS this alevadion heigit above
foundation 13 aboud L0 faet, and apparent longth of crest is arcund

| 500 faste . Bacimtar from such A dam would extand abouh 12.0 ziles

ummamf:m.

Charsctsr and depth of vallay 411

Actiye allzviiz in the stroam bed throuza the dam sits 13 compara-
tively thin. I% conaist chiafly of sand, gravel, and bouldsrs, with
-aav&m%cbudwmfm,m:mmmam
L0 foet. moithiamt«iﬂisinactiwtw,mmqmﬁty
present variss with the stage of ithe streems During times of flood -
mmmummmo:mm,mmni
probably swept clsan axcept for cecasional large boulders.

A light mantls of glaeial drift covers the terrace and upper aloves
of the valley. Greatest thicknssses ars an tha bench <« tue south sile
vhare lknown depths of 30 foet ars present, and locally ii =ay aprroach



dam sections.

1

50 foste The amount of cover cn the north bank seldam exceeds 20 foet, and
the average is arowsi 10 feebs Host of this drift conzists of cand and
gravel, and 13 evidently cutwash debris. Much of it incluies fragments
of endesits and basalt, which may bave been introduced as taluse
Comsntation of the outwass by calcium carbaate is of local ccurrences
Slopes of active talus mantle the re-entrants ssused by thcnea—
resistant bedrock layer that passes through the ocentrel part of ths map
area. &mmmmmmmmmamm
10 the river swface, an elevation of at least 165 feste The correspomiing
alide cn the scuth banik is only 125 feet high. Ancther fairly large area
of Basalt talus occupies the scuthwest corner of the map area above
Bﬂ.zﬁ;Mnmﬂam«mmmﬂmMMhﬁbﬂ&
railroad at Beie 405 Honme of these talus slides occupy prospective

-

~

Bedrock at ¥ayfield dam site is thought to be assigneble to the
Keechelus andesite series of Miocwe age. More than 300 fest of strata
are present, but their siratigraphic position within the Keechelus series
1s not known. Owing to the direction of dip, the youngest rocks crop
ocut at the west end of ¢he dam site and one goes dowm in the sacticm,
or into older rocks, as cne moves upstream. The lithology of the
varicus beds i3 su=marized in the following partial section, and more
detailed descriptions of each unit are then given with particular
reference to their effect on the dam site.



Partial sectica of the Kaechelus Andesite Series at Hayfield
dam aites '
it Li*helo ™1

o]

Top not seen.
Ardesite, interbedded with tuff and

G

agglcmerate 1504
7 e 20-23
3 Basals 50-60 °
D Tuff &0
c Basalt and agglomerats . 24,0-250
5 Sandstons-shals | - 35-30
A Basalt, base rot seen ' 2004

| Total 755825

@___:_l.. mmmammmumm
mnwmuuuama,mm"nwam Colar
vaﬁa&mdnkmuwkm,ﬁmumwmm&
mwmmkisde,wdmmumiswm
to distinguish an occasional latheshaped crystal of plagicelase. iilcro-
scorio Wtimma.w'uc taxturs, the Fhencorysts being
Plagloclase amd augite in a densely feltsd matrix of the same minerals.
@orwomuwmmmdmhmo,bmmm
aaamdaiamm Cﬂlmarorscwiwmstmtmisabm
moytinathinlavuatmtopmmamtaﬂ.ngofwl,w
vesiclas have been drmen out by flowage parallal io the surface of the
=238, A thickness of at least 175-200 feet of ithis body is viaible in
the garge of Cowlitz Rver telow the railread bridge, and tas base is
not axposed. Total thickneas 1s therefors uninown, and this appears to
e the principal wmimown alament of this unit. The considersbls thick-
n2s3, the caaracter of the jainting and the minor development of vesicular



" texture suggest that it might be an intrusive body, and hence likely
to e very thick. Em,tnoﬁmuotgxﬁ.n,thcabmm’
cmmmmmmmmmnamo:&ecm
angsanthatitiaaainahandmnnyhavﬂwotnu. Surface
indications are that it has every qualification for a strong, firm dam
foundation with abutzents.of equal bearing power. However, if the river
has cul nearly through the base of the flow, and if it is wndarlain at
shallow dspth by weak thin-beddad formations similar to thosze sropping
mm,mmmuamuumum@;mm.
Dnit B - The basalt of Unit 4 is sepirsted fram that of Unit C

1(

W&kamemumdeutho *

steep, close walls of the inner gorge. (See topographic map of Mayfield
dan gits, lndﬁ.s-"l.) Nost of the surfacs of these re-entrants is

35/ Plan and profils of Cowlits River, Sheet 7.

covered with basalt talus from the adjacent lava flows, btul at Sta. 1,
wder the cliff-face of Unit O, Just above the river surface there is
& mall sxposure of sedimentary rocke Cloee inspecticn reveals & fwo-

foot thickness of soft, friable, pocrly consolidsted grayish-buff sand-
stans containing swall balls of basaltis clay. Zstimates based upon the

topography and the at.titudo/ of the encloaing lavas indicate the total
thickness of this nca-resistant layer to be about 35 fost. Porosity and
permeabllity ars high, and ths rock sppears to wet through almost at cnce.
Camenting material is clay, which softens quickly in water and the reck
cruzbles soon after immersion.
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A nechanical analysis of & small hand specizen gave the
radation curve showva on figurs 5. '

Hicroscopio axamination showe the grains to be angular, ascme
with crystal faces, mmwmﬁym.
Guarts 13 &a predcainant mineral, and i3 roughly estimated at §0-65 per
cont; almdimm ailicatss, or faldspar, makes about 25 per cemt; ferro-
magnesian zinersls, calsfly biotite, maie around 3 or 9 yer cent; and
these nay be 1 or 2 ver cant of muscovits. Ehtwc:zh-nimra;w
adhers to cne ancther, sspecially Miotite to feldapsr. Thia, together
with the angularilty of the material, sugzests that it vas dsrived locally

4fmthadiwuqo£msruﬁ.tio rocke

The eifact of these characteristics makes the inclusiecn of

‘this ted in a dam aiia a nmost critical matier, and it was axplored quites

thoroughly with a diamond drill, \&mhﬂummwm

 bed: 2-3, 2-F, 2-H, 2-1, 2-J, 2-L and 2-0; and 6 other holes of sariss

2 penetrate the uprer and middlia parts of the dede m«m@m
ruch information that canmot be ascertained by stuly of the surfacse.
ngmmwm‘wa&nmmamm

of the bed, as found at Sta, 1, i3 not the normal fiald condition.

The top of the unit 1s commenly a bed of shale several fast thick, and
1ts upper surfice is "oftan reddened, varisgated, and hardened by the
tharmal affect of overlying lava.” Ancther impertant fzature revealad
by drilling 13 the abrupt and apparently irregular variaztiom in thicke-
nesse Zors hales put down in the middla of the river, 2-7F, 2-I, and
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2-d, M'alwﬂwmw.mmnuso
foste mmm&-n@tm,mmu,mwa

© 50 acd 90 fast, respectively, The group of holess 2P, 2-Q, and 2-L,

suzgest a sharp increase in thickness beginning just west of hole 2-Pe
Hole 2-L was drilled horiscatally into the right bank, and revealed
the fallowing section. The thicinesses given are not those logged,
but are stratigraphic and have been taken frwm a cross-eection of ths
bed compdled from a combination &f structural and stratigraphis data.

25

20

20 .

>3

90

w .

Much of the sandstene i3 the thicker part of the bed is
coerser in grain and less well-cozanted than on the cutcrop. Core
recovery-was difficult becsuss of a caving holes |

It is interesting, ani possibly significant to note that the
sinimm thicinesses discoversd appear to be altustsd toward tts axial
regicn of & msll antieline that plunges scuth just off the east end
of the dam sits mep, and that the maximum thicknesses are down on the
wost flark of the fold. Information for the sast flank is lackding.
The borings also show that shele does not cocur in the bed waere thicke-
nesses are xinirmm, These relaticnships suggest that ths variation



in thickness 13 the resuli of defcrmatlon rather than conditions of
sadiextation, such as depositicn over irregularitlas ca the murface
of ths uxderiying basalt. According to thls hypothesis, ihe shalas of .
the inccmpstent layer was squeesed from the crest of the fold and pessed
m&.mwm. A bist of confirmatory svidence may be that
the sard in contact with the basali ab Stae 1 shows no thermal effect
of the overlying lava flow, the implicakion being thad tha overlying
shals that received iLhe heat of ths lava wus aqueesed cut dixing the
period of folding. owwmamum'zmmmw
of the ovariying basals (Unit $) i3 zreatest wiere the samistone-shals
bed 13 thimest. Y

' Regardloss of this jrodlam, which is essentially academls,
itiaeﬂdmmt-thbd(th)izmoftho~ |
critical geclogic foatures of Mayfield dam sits. Other factors con—
tingent upon its presencs will be considsred uxisr the subsequent
headings of Growxi-water Conditions and Foundatione

Uik Co ~ Standing above the saft sandstone Just described
are hizh, zaselve cliffs of basali and flow-agglomerats wicee total
stratigraphic thiskness amcunts to about 2,0-250 foet. Contacts ars
tizht and indistinet, and opinion diffsrs as to the mmber of flows.
Filliams counted thres, bub Warren thought thers wors fivs or sixz.
The lava sheets vary in thickness frem 10 to 30 feet, and ars separated
by the flow agglcmerstes that carry thimer and zmaller lenbils of
basalie. Individual flows ars very sixilar in composition and appear-
ancs, ard no offort was mads to diffsrentlate them, the entirs nass

 —
S
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being mapped a3 & unit,. Most of the thicker flows exhibhit colwmnar
jointings The colmns are rudsly hexagonal, five or six feet in
diameter and scmetines about 30 fost 1n lengih with the lsnger &xis
narmal to the flow surfacs. Vesicular lava is characteristisc of the
upper parta of the flows. These porticans and the intarvening flow
agzlomsrates are mors weathered than the ncn-cellular rocky and although
m@wmm.mmmummmwim
the masaive basalt below the sandstane-shale bed.

The freshest rock is dirk greanish-gray, with ssall phancerysts
of augite, and it is tough and dense, and impermeable except along ihe
Joints, Kicroscopie examination shows abundant augite in comparsiively
largs euhedral grains in a4 very fine matrix of noedles of basic plagioc-
clase and basalt. All of the rock is well dusted with small opaqus grains
of iron axide that give 1t the dari cclore

The faciss callad flow sgzlcmerate {s dark grayish-brown to
nearly black, with & dull lusterless, weathersd locic, and it is sesmingly
safter and more elastic than the columnar basalise It inclides and
coments rudely-rownded fragnents and bouliers of basalt that may repre=
unqmummamchmh{mmwadewmw.«
surface over vhich the lava moved. icrescopis scamination of the metrix
of the flow agglomarate showa o zvidence of pyroclastic strusturse
Phenocrysts are inconspicuous, and have either been replaced or broksn
cute Xost of them ware obably augits., The ground mass consists of
;ﬂndyfdtedmdplagixlaamaugiu,mhgtmhisaltam
to uralite., Scme of the larger grains of augite may have changsd to



@

/\.

serpentine. dsygraloddal minerals ares camon and coensist of calsite,
a gresuish radlating and fibrous minersl in thin crusts 1hat may be
chlarite, and brown aworyhcus substances with colloform siructures
Mmmmammmm;mmnu

Eroat_contrast Lo the fresh charactar of the columuar basalt, and its

altarsticn is probably due to hydrothermal action accempanying the
flow Tather than 1o weatharing.

All of the flow agglomerste 13 very massive and contains bt
faw fractures. Pockets and nodulss of fairly large radiate masses of
mmummumammmw. AL
Stae 1 the base of the group 13 characterized by large caviiiss, now
occupied by seccndary xinsrals that may have originsted from stesm
ariaing from moist zround over which the flow poured.

Taien 28 3 whold this unit oeems to be entirely dependabls
for the location of a dame The rock has ample strength, the indiwidual
flows being welded together so that the emtire mass will react to stress
as 3 unit. Permeability is low, hatever 7luid movement there zay be
through the rock will cceur anthe joints rather than through the fabris
o taxture. Vuimlarstmtuumnm—cenﬁmuaadxdllaﬂ&

" 1ittls avemue for ssepagse to chief defect is that it 1@ both owerlain

erd underlain by cooparatively weak rocks, and that i% 1a teco thin to

- sarve alone as a foundaticn for a dam of the size requirsd by the topo-

gragnio characteristics of Cowlits River vallsy st this place.

o



N

w.-mmwmwmmzcwn
dww,mhummm"wmﬂtnﬂ-

ahale.” Stratification is distinct, and results from differences in
calor and texturs, buk it i1s doubtful if the beds. are wholly waterlain.

- The following layers or sub-units ware rocoexﬂudin the scuthwest

sorner of the may aresy
5. Tuff, thinly bedded (1/2 inch)
3o Tuee, thinly bedded ‘
14 Tuff, largely concealed Ly talus.
Beccmss ingreasingly sardy toward
bass, Color brownish. 3Serves as

aatrix for slabs and boulders of
basalt ab bame. Comtact with under-

iying bed firm and tighte -
" Total thicikness 60

Colcrs vary Iran reddish-orown, allve-green, to blus-blacik.

- mmmmm;awmmmmmmmg-

ments { £ 0.25 inoh ) of 2 rod wcaria and gray basali; brekea grains of
mmma-w,@wsm,.mmmwm
m.arummwqum,mmm\
(0125 inch) smubrounded stroam-worn pevhlss, and so cne The matrix

" has & graoular structure (0.25-0.50 inch), which spalls thin concentris

shalls when wet, and these break into small, sharp yramidal fragments;
nltimataly the znss diaintegrates inmto & gritty clxy. “h the surface
indurstion is cnly fair, and poresity and permeatdlity appear to be

high. m:m'avpuuemboe;xtmilrwithchﬂfs,mmmim

1(
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zass can be dug «Wih 3 poke m&waﬂmmmmm
but short-lived effervescances Aitar aifarvescence the acid lesves
a yollow staln, and upon washing tine rock aprpsars graye. Cdlor and
surface=girusture appear to be a funciion aof weatheringe. .

- MWMWM%MWW
significamy characteristicss The matrix i3 seen to conalat of a
M&,Mdﬁmm:ghaﬁthmindudm
of about l.55s Many criginzal glassy structurss are still visible,
such as aicrolites, srhernlites, and vestigzsa of perlitic structure.
¥uch of the glass is isctronic, buk a mataly arystalline structure
indicates incipdent devitrificatione Itispcaaihhth&ttham
of the rook 4o swall wien smt i3 dus in rart to sbscrpiion of water
by ths glass,. Smdwmmmtab-ethgm:nt
glass. Hinsral fragnents cansist.of dotite, quarts, and basis
rlagioglase (bytowmita). Much of the plagicslase has been replaced
by calzite, amxi pesudamorghs ars rather comon. ﬁ:c'bulkarthtrack
frazments conxists of a very flne-textuwred clivine basall heavilr-
dusted with mageetite (?), whase plagicelase 13 largaly replaced by
caledte,

Although tough snd elastis whore fresh, and of good bearing
jover shure properly confined, tas rock of this wnit smst be rsgarded
a3 dangeroualy wmak fivm the viswpmoint of anginsering constructicn.
Tois comelumion resulis from its softness, its partial solubdlity in
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2833 can be dug ik 3 pizske m&wdﬂmmmmm'
but short-lived eflsrveacenco. iitar. af:m the acid laaves
a yellow staln, and upon washing the rToek arpears gray. Caleor and
surface-strusture appear to e a funciion of weathering. .

- &mmmmmsmmmwm
giznificant charsctaristiose e matrix i3 zeen to conslat of a
groenish, partially devitrifisd baxis glass with an Indax of refraction
of about l.55s Many crigizal glasay structures are still vizible,
such as microlites, aﬁumlim,aninsgiguarparlitié structurse
Much of the glass i3 lsctromis, buk a mimualy aryssalline structure
indicates inciplent devitrificaiione I?.ispuaaihhthattham
of the rock 4o swell wien et i3 dus in rart to absarviion of water
by the glass. Some of tis fragmacts are seen t2 be other kinds of

- glasse Hinsral fragnents conalst.of bdotite, quartz, and basie

flaogicolase (bytowrite). Much of the plagioclase has been replaced
by calsite, and pesudomorzhs ars ratiesr caomome 7Ths bulk of the rock
fragments conxists of a yery fine=textured clivine basalt heavily
dusted with magretite (?), whase plagicelase is largsly replaced by
cale;t.’ .
nwm@-mmmmm;mwgmuuug
Power shere proverly confined, the rock of this wunit mmst be rsgarded
as dangerowaly wsak frvm ihe viswpodint of snginearing constructicn.
This comlusion resulis frem its softness, its partial solubdlity in

1
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water, &nd its tendency to absorb water and further soften and mwell
when wet. Firally, it dizintegrates imto a soft gritty clay. Henc,
1&m¢-1ntbohmmﬁmstw.dudumdhm
aidered as a sericus geologis defects o

_ Dnit 2. « This unit appears to be a singls flow of basalt
50 to 0 feet thick, closely ressmbling the basald of Unit C belowe
mm.mummmmﬂm;mdm
browne ww.«m,wwxﬁhw
cleavage faces relisve the dense aphanitic texturs of the rock, and

thmmnmmimmpimlmm-‘pdmo:nmm

that may be pssulcmorphs of iddingsite after clivins. MHlicroecopls-
exanination reveals more or less cumplets alteration of the farro-
magnesian minerals, bubt & few grains of augite still remain fresh and

" ontoushed. With the exception of the altersd phencorysts of augits,
" most of the alteration is eonfined to the grouninass, which censists

of & falted mass of small needles of plagloclase, uralits, and a

sprinkling of black, opaque grains of magnstite (7). Scme of the
mmummwumuummmu,

Al oliar cavities ars filled with caleites

Gas cavilies are prevalent near the base of the flow, and
mhrmmmé_wammum. Fillings are chiefly
calcites Contimuity of the openings is lacking or inccmplsts, and
there i3 lass posaibility of parcalation througzh them than through

O
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he joints, which are mmerous and destroy the masalveness of the flow
by cutting 4% inbo blocks about 2 faet squars. The entire thickress

of this flow i3 axposed in the southwest coarmer of ths map area, and ‘
nmmammxargepaﬁmofimwmofmmw
of the lower dan sectim. In ppite of the fact that most the roek is
hard anxd tough, the ratner camplate jointing and ita poaitica between
two structurally weak tuffs decreass its total strength so aifactively
that it st be regardsd as a potentially weak unid.

Tols Py - This unid comsdsts of a masxive 2040 25-food bed
of lizat clive=drab wvolcanis tuff, Ths rock i3 firm when dry, but not
very hard, and can be cut easily with a inife. It i3 also notable for
its lignt wedghte Treatment with cold diluts HC1 produces a alignt
effarnacme,aﬁlmapshyﬂlowstain,msﬁngewml&m
cfamfmairm. mmmmww-mmnm
into a mass of crudely srherical particles that disintegvate further
by spalling off thin concentric shalls. These granulss vary in sizs
frmO.%taO.:Oimh,aﬂmmJ:amthaﬁnng,ﬂ-
wmwuwwmwnmmmmmm
tufs. Thabulkofth.mtarialisﬁm-mdmd,mhqritofslt
aize or finer, and zmall discrste fragments of varicus other volcanic
rocks and minerals are mmercus. Ancng these may be listeds basalt,
red and black scoria, glassy quarts, chally weathered Ialispar, ard
ctiers, that give a gritty feel to the {iner, soltar clays. Exposurss
occmwinthaamxthwstcc:mofthﬁ:apm,a.ndthcbdisimlwd
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m&wmmefmwmmmunw
questionably & weak elsmente
m.-mzcmnmotwﬂmnmo:
mmm,mm,mm:,mmmmm
J.Otaéatoet‘ Itmpnminthcmm&emofm

. map area, and the lowsst bed of tuff is the youngsst member of the

Keechelus serios at Xayfield dam site. Lava flows in this group
mwobu&n‘ot&ﬁt'c,Mmmtnm‘byu.M
thicimesses of tuff or agglcmerdts. Where not so separated the top
of each is marked by red scoriacecus lava, usually satursted with
water. o |

4 30-t0 4O-foot anissite flow has been selected arbitrarily
as the basal mezber of this wnit, and 1t is overlain by a 10-fook layer
ﬁw..Wmuofiththtewb
black, and suow a tings of gresniss colore Broken surfaces revesl &

suboanshaidal fracturs on a hard, dense, tough rock;. mdd:ihiuanly

urn-n!lplatrmqrmm{ddwmaam
«mmam&n(?)wmmmm Under
the microscops the groundmass is sesn to consist of a densely felted
mass of plagicclase needles, and an abundant sprinkling of opaque black
grains that are probadly magnetits, give the rock its grayish tone.
wa«m-mtmmaAIthhmoth...
o the whols, the rock is fairly fresh. Alteration products, in addi-
tion to sericite, are minor amomnts of chlorits and sauseurite.



Taiem by itself, this roek i3 exinently sulted for the
fouxisbion or abutments of a dam, but the flow in which it cocurs is
tco thin to warrant such usage, and this defsct is accemtuated by ita
position between twe slructurally week and inecmpstent layers of
voloaids tuff. Fortunately, 18 13 nob imvelved in sither of ihe two
pesaible dam ssctions. |

Aructwral Tsatures

Poldse - 4n anticlinal axis, strildng and plinging about

Se 30° 2., passes aloug the cast 2Mde of the map area axd crossss
the gorge of the Comlita about 20 feet upstrees from the railrced ’
bridges The rock expossd at water-lsvel below the bridgs is thereZore
the lowest i cldest strssizrathis horizon within the dim sits. Neo
amnp;mmtotmmmﬁwmmmo:wnm,
but this should te done in order $o determine ita charecteristics
zore fully. Cos of its mowk critical fsatures is the plinge to the
soctheast, for this coaxiltion naltes the parmeable saxdstons bed,
Uniss,mmmmmmjmmana.a.x.sgs,
cutalde of the map area. If the bed parsiazts over the axis a short
and highly permeablas path for seepags exists around the left abutment
of the Uppsr dam seciicon.



Din of beda. - On the west 1imb of the fold, downsiresa fram the
bxd.dso,th-mkahsnanmmgndipotzsﬂs.,aﬁw. Aoount of dip
variss from 32 to 37 degress, and directicm variss fram Se 339 We, to
8, 60° We Dip cammot bs coserved cn gealogie boundaries east of the
bridge, but "bedding® joints within the basali of Unit 4, Fresmed
to be parallel to the flow surface, ars inclined 26° 2.

Paults. - The east dip terminates against a normal fault that
¢rceses the river about 2,000 feet upstreanm {raa the anticlinal axis.
mmmarmrwummm. Amount of displace-
mert, 48 not known definitely, but iz not largs.

Within the dam site thers is no evidence of large scals rock
novemsnte AL Sta. 2 ane small reverss fault with a stratigraphle
throw of about 6 inches was cuserved wdthin Unit D striidng He 30° ¥.,
with a 65% dip to the southwest.  The strike is essentially that of
the strata, but the amount of dip is aboul twice as great. 7This fauld
"was not cbaerved to cut the enclosing wnits, and it is-apperently con-
fined to the tuff in which it originated by differsntial sovement as
the incampstent beds adjusted themselves during the pericd of folding.
MMBMMM&N&RMMMM&.&*
from Uait B, | | |

Joints. - Jointing, or the tendency of rocks to part along planes
on which thers has been littls or no movement, is of considerabls
inportance in a dam site in hard rocks because they are usually more
parmoable along the frectures than through ths taxtwre of the rock,.
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Host of the rocks al lMayflsld dam aslis are thoroughly Jointode
simgt&qmmdyarvmw,nuor@mmz
mwmmmﬁmmungMcm
during coaling, and fractures resuliing from daformaticn or stress.
?wmmtmmmdmm&wwmw.
Furthermore, rocks with di.”mmaic&lmmiﬁi-
vidually to diffsrent kinds of strees and the varicus ways in wxch
it may be appliad. Honce, ihare i3 much variation in the attiiude
ard spacing of the Joints, ard too detailad dsscripticns of ths

Joints at each lccallty ners cbssrvations wers xzade is unsatisfactory.

Same of thils confusicn, however, is mors aprarent than rsal. This is

brought cub by censidering separately the jolnts within each unit of
rocks

Wherever cbserved the massive basalt of Unit A appears to be cut
by at lsast tiarse set of joints. OCver the crest of the anticline,
below the railwsy bridge, the flow is thougit to be aprracizately
horizontal for a diastance of about 50 feet, Thi3s conxdition provides
a localily wherée the exisiing jointa may thersfors be refarred to an
apparently normal or undisturbed plane of reference. Zxaminatica of
mmmdmmum'mm:mahmammot
nm:m:mdgtMermsrm,hmm
"bedding® Joints because they are appruximately rarallal and ralated
%o the surface of the flow. Their ands are inclined downward rarale
laling the dip of ths limbs of ths fald. AL the axis of the fald

11
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thers are three vertical joints (II) striking Ne 30° E., spaced
about 4 inches spart. Apparently they have no relaticnsiip to the
acial jlane, but are vertical diaganal joints related to the reglonal
otrauth_ntcanaodﬁu!eld. Mcmjugatautmobundm
60 fost west, vertical, striiding N. 70° W., and spaced about 3 feet
ajart over a distance of 15 fest. Then, there is & thlrd set (IIT)
af irregular hackly fractures, poarly represented, that are cbvicusly
tenticnal, but their structural relaticnsaip is cbsours.

With fow axceptions all othsr fractures within Unit A can be
refazred to touese joint sets regariless of their diffsrent atiitudes,
AL the lizbs of the fold are retated into norsal horisontal positdon.
Por exanple, in the north wall of the gorge about 100 faet downsiresn
from the tridge thres sets of joints are exposeds (1) a horisontal

~ set, poorly developed, mﬁﬁMdMZi‘e}t; (2)35.; '
dipping 33°, 3. 45° W., spaced at intervals of about 3 foet; and
(3) a set dipping 57°, ¥e 45° E., spaced st 2 inches, and cutting the

rock into thin sheets. Upowt tilting the rock back to the horizontal,
st (2) boccmes horizontal and equivalent to the Mbedding® joints (I);
set (3) appears to be equivalent to set (II); and set (1) equivalent
to set (III)e Thls suggests that the anticline developed after the
Joints. ,

It also appears that Unit A i3 ocut by only three Joint sets of
major importance, and two sets of lesser significance. Thase are as
fallows: ' ' '
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"Badding® Jointas, Thsse fractures parallel the low surface
aadmmb&lythsmltofcmtmﬁbndmﬁagcconng. although
extanxively developsd, thay ars not cortinucus, tae ands overlapping
by various amounts. mmummwmg@lycw. F i
maﬁpxmmwvmsmammézwsm,m
sprsad rapddly dowmard so that an average spscing of aboud 3 inches
would hold Zar the upper 5 fsel. Hithin the body of tae flow, 50 faet
or mors below the surface, they are spsced from 4 to 6 Iset, the dis
tance betwesn them becauing asresater with depth below the {low swriace.
Zxcept at the top of the flow, there i3 amall possibility that ihey
couwld serve as avenues of percolationes Hmco,thm-aisnnnud‘m}
estinate their averags sracinge.

Dlagenal Jodntae mnm-mazmm,nw
in two conjugats sets, and appear to cut the flow I top to botiome.

»Thamﬂmsﬂmwkmmﬁmamimdmm
‘degrees, the range teing fram Ne 20° Z., to Y. 50° 2. Host of them

trand N. 309 35° 3. Dips ars high, either vertical, or nover less
than 8° to the southeast. Thsir development i3 axtensive, and often
taey are spaced at shert imtervals of 2 ar 3 inches, § inches, and
seldcm exceed 1 foct.

Their complenontary set has a gsneral atike of about e 70° W,
dips are usually vertical, but are scmetizmes as low as 40° rortheast,
the smowrt depending upon the tilt of the rocks Dsvelopmemt is mot



extmaives In same plices they may be spaced at intervals of 3 faet
for peveral yards, and often they are absent. At the top of the flow,
however, 1n the nelghbarhood of BuMa 405, both sets are spaced at
intervals of only a fow inches, Hance, in conjunction with the ™wedding®
mﬁmwswsrmdmmummmnw
blockse - ‘

One of the lsss consploucus @eis cousisis of shors, irrsgular
fractures that stiike east and dip 78° south. Prequenily they extend
only between northsast trending joints of the conjugate set. 3cmetines
Mmmmﬂththoftmmm ’thmw
in cocurrsnces The remaining set consists of discomtinuous, hackly
fractures that ars so irregular in character and distributica that they
ars difficult to describs. Thay were noted chisfly in the lowar ex-
posures of ths flow, and may be due to scme cooling effact of ths lower
sarface, mpmm-:m\mgruzmcrmamumw
‘otmxulwlmjmm,mkarilymMcoflanm
Iuﬁmgmﬁﬁmtﬁcmud%'mhuladm
gealogists to regard ths body as a laccolith or 311l rathar than a flowe

Wit B is 80 poorly mgosed that joints camct be cbaserved.

Oxing ta its poorly consclidsted charaster, it 1is doubtful if the joints
in Unit A carmry through it.

 Unit C consists of an alternating seriss of lava flows serarated
: byﬂﬁwm.-mm&est individual flows are al tis base,
and the upper cno-thind o cne-half conslst chisfly of small lentils
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of basalt in azzlomersts. Decause of this lack of homogsnelty,
mmw.umtmormmm;afmnw,m
wnit does not sxxibit very systematic jointings Host of the basall
&MW%WJM@W&WM
colizms wioe size is appavently & functiom of the thickness of the
flowe The grealest columa are found in the basal psrt and nay be
30 f2et long and 5 feet in diameter,

TRadding® loints ars alse typical of these flows, and 2ome of
them show a scns at the top 10 faet tiick that carries joints stased
at aboud § inches.

Mechanisal or deformational jeints are also charasteristis of
the thisker flows, but since they follow to some axtant the earlier
cooling cracks, they ars diff4culs te recegnize in the thinner sheets
sahmmccutmﬁm;}oim:m\uunyclmdyswed: AL loast
Zour sets have been rscopnized:

Strdle Bin Spacing
Te 409 W 55% HR, 3 faet
Yorth A7 W 1 fooy,
N. 25° 2, Vertical _ 3 faet

When the beds are restcred to their normal horizontal positiom,
it devalope that tae first two corrsspond to the comjugate set of
diagonal joints found in Unit A. Rotation rroduces no change in the
northeast diagonal, but the northwest Jiagonal shows an increase in
d1p from 55° to vertical. This latter set as been observed %o cub
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wmn«wnmmmcmm
the undi as a waale, jointing outs the more brittle basalts into
Mlocks usually not exzosding 2 feet cn a side. The more elastis flow
agzlowarstes are but litils affected. _

Tait D, the stratified fragmestal tuff, is cut by two sets of
Jolntse m«mnmn.m.n.mmo:n.#x.,ms.-‘
spaced at intarvals of about 2 {nches. The cther set strikes X. 50° V.,
dips 60° ¥3,, and is apaced at intervals of 4 inchss. They appear to
belong to the system of diagonal cenjugate joints cbserved in Umits A
‘and Co Both sets are tight, and probably impermesble.

The basalt of Unit K is out by & set of Joints that strike Ne 53° W,
and dip 30° SW. manumzmzywomzm-,ofmm,m’t‘m
fractures prebably are to be classified as "dedding® Jjoints. Taey are
spaced ab about 3 feet, and each extends for about 50 fset. Other
1wm«mmmt,ammthonmimmm.

2 fest in dismeter;, but do not appear to balong to a recognizabls
ot . .

Fracturss wers net reported from the tuff of Unt F, but 4f jresent
they probably scmeshist resemble those of Unit Do

Jeinting in Unit G was cbserved only in the sndesite flow st
Stas 4, probably the tasal flow of the groups Platy Joints dip 329,
8+ 47° W., probadiy the attituds of the flow. They ars spaced at inter-
vals of about 1/2 inch, and are usually ¢ight; howsver, same at intervals
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of about } feat are ormn, ard persisi for short distances, usually
betwesn the deformaticnal joints. 'hers tizht their rresence is
indicatad by diffarsntial stching dus to weatharing. Ths cpem
rmmmma:mwmm,mamm
by the primary cocling jaints.

The dafarmational joints at this locality conslat of a conjugats
rair that apparently belong to the sase aystem as the master joizte
previcusly described, although their crientaticn is scsewhat diffsrest
with respect to the attitule of the flowe Cne sst i3 vertical, ami
strices Ne 75° 3., with streng parsistend frastures spaced as intervals
of 3 feet. Ths complemantary set strikes ¥. 15° W., and dips 55° .,
nﬁthoqmlyarﬁatméamﬁspcing. ’

Crowxi-water conditicns

Surface indications of ground water are negligibls, and are
cmﬁmwafwmnamwwpwmmm.
Chisf among these are ths scoriacecus zones at the top of iae andeaits
flows 1n Grlt G, in the soutiwest cornar of the nap arse. Across the
rivar at Sta. 5 thers is a small spring estimated to flow about 40
gallons per minuis from & hole in a saall lantil of colixmar basalt
in the upper part of Unit C, Local reports are that formerly the
vatar was sulphursus, |
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This spring is probably one of the group that Willlams chserved
along the right bank of the river aboul 170 feet downsiroan. frum Stae 5e
After the sanistone-sisle bed (Unit B) had bean panetrated by a series
of bare holss into the right bank and the hydraulic head reduced, these
lower springs ceased to flove ,

Surface exposurss of it B are dry throughout the dem sites
Kost of the hales drilled to it in the charmal fowd water. This
occasionad no surprise for the bed crops out in the chammel bottom a
short distance upstream from the drill locationss (See figs 9, B-BY.)
In hols 2-J, figure 9, C~C?, for example, water was found wxer an

- arbtesian head of about 157 fest, Jjust flowing over the ccllar of the

umm,mmqudummummumﬂuum.
It also shows & very high coefficisnt of permeabdlity fo the sandistons

* of Unit B, and illustrstes how readily uplift jressurs of & hsad of water

meammumzmumuadwmm'

‘above this bede
m.mwu\mmmmmwm

river lavel was samething of & surprise, and is evidently related to

another hyirsulies system. Twcfthoahahsru\dthintho&ndh"

area as mappad by the Geclegical Swrvey. Hole 2-L, at altitude 248,

ar about 8 feet above the elevation of the adjusted river rrofils,

was drillsd horisantally in the direction N. 50° 2. Ths top of the bed

(shals) was found 145 feet in from the surface, and the first sandstone

was drilled at 195 fest. A "heavy flcw of water,® volume not stated,
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was formd ab this point, and after ihs bors was camplatad to a jotal
length of 450 faet, msasurementa showed a waler rresawrs of 38 pounds
rar aquare irche This is squivalant to a ‘prdrostatis head of about
£3 P2et, or appracimately half of ths normal hydrowtatis head for the -
localitys Angls hals 2-Q, 130 fset north, found the top of the sand
a2t altitude 257, bub ik was dry. Horizontal hole 2-0 a3 altituls 250
was drillad N, 65° 2., for 430 fsete The Sop of the bad (shals) vas
fourd 320 fost 1n from the swiace and the top of the sand was found
a% 340 fset, with wsbtor wxier a jressurs of S5 powxis per agquare ineh,
Tals i3 aquivalont to & hydrostatis head of cnly 10 fast, whoreas the
expeetad hydrostatic hesd should be aboub 125 feebe Vartisal hale
2-P, to the north, found ihe 3o0p of ihe sand dry at aboub altitwds 256,
These erratis watsr conditions in the bed above the lsvel of the river
show thad il i3 incompletely saturated, and suggeet that the water is
of zotearic crizin. Scme of the irwesgularity, however, may be due to
lantils of sand cub off cr snclossd by the clay or shalse The rapldity
of prassure~drop after the sand sas Denetrated indicates that the reta
awum,wm«mwmmuu
doubtful if the upper part can ever be saturated cumpletely. N
Thers i3 no data on ground water in it 3 from the laft bank,
it strostual conditions favor drainage into the bed rather than fros
ite For these reascus 1t may be expected to comtain scmewhat more
water than in the rigzhk bank, and under the zame &rratis candilicns.
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Parmeability

In the rock formaticns at Yayfleld dam site parmeability 13
larzely a functicn of thelr jointing, =nich has been descrived briefly
in a foregoing section frem the viewpeint of crizin, attdtude, ard
crientaticn. Under the present heading they will be coosidered again,
ted by ted, with regard to thedr capscily to t{ransmdt watasr.

Undt A, the thick, massive basal flow of tasali, xay te consldersd
a3 sssentlally Iinpermeabls except forthaupparScrmfgatm
¢losely-spaced joints in conjunction with vesicular texturs zaks
Isasibla the passage of wabtere Hithin%habcd}ofth-ﬂwthom
porsistent 'bedding” jointa are not axpacted to comiribute to the
pasmeacility, Cf tas remaining sets, the more closaly-spaced ncriheast
diagenal fmtma%dﬂcmﬁ“ﬁxﬁamﬁtamwmwthmm
relatively widsly-staced northwest-tremding zst, particularly since
scme of tze group parallsl the direciicn of strsam flow. ¥Without going
into detail, mrevicus estimates of the pormsability of rocek of this tyre
suzgast that the ccefficient of permeability (X) will mobably not be
mrsﬂmmxlﬂ'aree'bparae;aa. |

The permeability of Unit B is dangerously hizh. Scme of the basic
dada have besn dascribed under the tomic of Croamd-smater conditioms,
bud conzdiderably mors Information i3 needed before ary I-value can be
assizmed. In this unii the permeadility is through the texture of the
sandstona rathar than fractures, and tiae irrgularity of the clay amd

shale make ayy flall estimate very wceriaine



Fiald cbservaticns suggest that the permesbility of Unit € is -
sbout tuice that of Unit A. That the rock is parmeabls is indicated
by the presencs of srings that apgarently originate from artesian
conditions in Unit B. Conditicus are locally highly varishle. ihers
wnfractured the flow agglomerate is very impermesble, but scce of the
thicker flows with well-developed columer jeinting are very permeabls.
mxmamxlﬁtmmmuwm;mmg:
over-all estinats.

Although the fragaental tuff of Unit D is bedded as well as
Jointed, the rock is probably practically impermeable. This conditicn
results from the tendency of the devitrifisd glass to swell when wet,
thus automatically sealing any frastures thai might carry weters '

Jointing in the basalt flow of Unit B 1s rather camplete, the
 fractures cutting the rocks into blocks about 2 fost oo & side. The

'mnm«mmwuummxm‘°rmmm,m

¥ery jrobably higher.

Permeability in the uff of Unit T s negligible, and for the eame
reasons given for Unit D, ~

Permesbility in Unit G 4s varishle, bub tae over—all coomoi-nt
umwummr.r«mzc,zo:m“rmwm
The value of the coefiicient for the tuff beds will bs less, ard that
for the axdesite flows higher, particularly if they hav; both prismatic
and doformaticnal joirting,

/2!
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Lan sections

The Upper or Hoe 1 section, figsuwre 9, E-i', has been zentianed
trdafly by the Coarps of Enginesrs in their report on Cowlita River,

w Cpe clte pars, 115=117. ps 29. _

s

and extensive quotations fram it have been mads in a jreceding section

of thias reporte mw«&:éfwﬁm,ﬁm%w,w,
e
has teen dascribed by #illiams, o al30 refars to it as the [oe 2

38/ Ope cls.

¥ayfisld aitse. Helsrenses to the location of Williams?s &;li&ty,'ﬁsld
site have not been found, but presumably he conaidersd anctiar alse the
mbsmduwwmudmx;.z. It is
poasible tast 1t is the Upper site, aa the term i3 used in this report.
: Figure 9, E-27, {1llustretes the major geclogis festures of ihe
Upper or lice 1 sites At altitude 400 the widih of open vallay is
about. 580 fset, bub the distance betwean the bedrock valls 1s about
620 feet. This additiaonal length is through a superficial 111 of.

" glacial cutwash and drift. Crou—cactimﬂ.aﬁaofthsopmnﬂq
balow altitude 4CO is about 18,300 aguare feet, and the total cross-
sectional arsa of the vallay is about 39,600 square fost. The diffsr-
mo:mm,@mmmwmmmmm
gorge secticn on the lafh banik, tut about 3,200 oquars fset is svb-
merged in the tottame Zalow altitude 340 the gorgs section has an
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ares of about 12,000 square feet, incluiing the fill of alluvim
ard watere | |
Inscfar as surface goclogic cbeervations extend, the gorge appsars
% have besn out entirely in the basalt of Unit A. Bearing power of
the dbutnents 1s grest and substemtislly squal, and the short distance
between them suggeste an ideal eitustion for an arch dam. (nfortusste—
1y, the total thickness of Unit A is unknown, and uncertainty exists
ummmmammmm.:qumm
made in this part of the chamel. If any scmsidersble thicimess of
Ahs basalt of Unit A is present, the situation is favorable, and even
uammum.md&cmmucmmw
by arch-action within the narrow confines of the gorges fHowever, in
thoabmotspecif_ieinfm«z,inwdertomm‘mm
poazsible thiciness of basalt in the foundaticm, it appsars advisable

to shift the dam axis sither up or down stream from the anticlinal
" axis that approximately parallals section Z-2f only 1C0 fost upstrean

(fig. 7) because, regardless of the true or total thickness of Unit A,
ﬁommotualthatan;!m&mmdmm:mmu‘
of the fald. antothacm:pnmtin];unep&pootthaunboot
"the anticline, it is cnly necessary to move the dam axis 250 or 3C0
feet in crder to place about 200 feet of basalt in the foundatione

The disadvantages of such a ahift are that, dus to the curvature
cfthot.oﬁotthe flow, the height of the tasald walls of ths gorge
decrease as one moves along the river elther wey fram the anticlinal
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axis vhere thay are highest. Since the cast boundary of the map

more or lsss coincldes with the anticlinal ads, tae consequsnces

of an upstream move cannot be canaidered in dstail because i falls
without ths map arsa. Townstrsam, a3 one approaches ths top of
wt'“a,mummwdmmw‘um
highly permesbls and structurally weak sanistone of Unis B. The ocmixi-
nation of this cendiiimm, which resulis in the progressiys detericration
ammm,mmdmmmumm,m
reduces the sconasy of the section, restrist the most favorsbla dam
‘axi3 to appraxizately that of E-37, figws 9. Even hers, bowever,
mmamm&:&mnmsm”:mzs,unj
rersists or has not been sgquessad cut complately, to crcss the amti-
clinal axis, axi the topograghy meies it clisb high wpon the Laft bank.
This cambination of gocliogie struoctures and land forms resulis in the
appearance of the bed higzh on the acuth abutment, 23 shown in Z-3%,
figurs 9. Its presence at this elsvation is scmewhat unfavorabls to
the consideration of the sectiom for & hizh dam beecause ib produces
smmorw.m-w&ammmo:mmw;
m&mingmehotmmmmtc,mmitintmdmsa
highly perweable alament into a situation structurally weak. It may
be argued that the hydrsulic head on Unit B at this place will de
salle This is true, but the Iydraulic gradient in the bed to the
open vallay ad Sta. 1 would be about 2.5 on 1, wieh is dangerously
high considering the wnconsclidated charaster of the rock. Furlhermors,



the longer path of seepage arourd the end of the anticlins is also
irvalvede |

and cut-off walls, it zeems prudent to restrict contemplaticn of ary
dan on section E-E' 4o the gorge secticn with the flow line not ex~
geeding altitude 350, witil further high-level exploratica of the’
south abutment has been carrisd out. Under this restricticn the rocke
out bench now buried by glacial drift might make a logical spillusy
sectian, and the smaller, shallower nichs cn the right abutment offsrs
an alternative section ab a slightly highsr elevatiome Strsam diver-

sion for ary dam conteaplated would have to be by tunnel through Unit 4,

pefarably wder the right abutment, This construction should offar
no unusual difficultiss.

The lower or Ho. 2 dam section at Hayfield dam site is analogous
u&.lmmtmmmm‘mm:mmdmutmofm'
.riminathick,msinb‘d of volcanic rock, Unit Ce Topograpxis
conﬁt:lonlimicmtmpu.iblemms, C-C? and D-D?, figqure 7.
Yar C-C?, at altitude A00 tie \idth of open valley is about 450 feet,
mmumma&zmmbwmumsvorm. The
additional length is through a thin mantle of glacial deposita.
Cross—-secticaal area of the open valley below altitwie 400 is about
33.700 square foet, and the total cross-sectional area of the vallsy
is about 40,200 square fest. (nly 2,000 square feet are suimerged in

/3/
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the vallay boticm, but the zorzs secilon i3 coafined %o 6,500 faet
below altitude 300, For D-D?, ai altituds &ﬂﬁ,tha"ddthofopm
vallay 1s about 490, and the digtancs between bedrock walls 530 feete
Cross-sectiomal area of open vailay balow altituds 400 is about 33,700
square faet, the same a3 for section C-C7, and the total cross-sectionmal
ambmu,mamfm.\hagm;mbdw&n;tm
3,0 has an area of 15,000 squars Zzet, and the sumergsd portion totals
about 3,200 aquars Iaete Saciion -0 i3, therefore, slizhtly the more
favored from the standpoint of minimm amounts of £111 and submergencee
In geclogis faaturss, however, cach sectiom appears to have certain
advantages over 13 nsighbor, bui usually these are offaet by local defects.
Thus, since Unit C, through wiich the river is cub, dips Southwest sbout
32 degrees, tae foundation of the downstream secticm, C-C?, i3 thblosr and
heaviar than that of D-3?, To 3cme axtest this offaeta the weakness ard
- potemtial hydraulic uplift igharemt in the parmeable underlying bed,
Trds B, but it would be a very streng undalanced force for a dam on
section D-D', Cn the cther hand, the advantage 1s with D-D¥ for a
structure attaining altitumds 400 in that enly one bed of tuff, Umis D,
is fully involved in the upper left abutment vhereas secticn C-C?
includes two, Units D and F. In cther respects these secticns are much
w,amwamﬁmmd&mmmﬁhm
by the diagonal course of tias river across the strata. For sach, the
entirs right abutzent is in the %hick, sirong, massive flows of Unid C,
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bub the upper part of the laft abutoant consists of tain, sofi, weak
beds of volcanis tuff intercalatad between comparatively thin flows
of vasalt and andesite.

,Cﬁdcno:dam - '

For low dams, or those with crest not axceeding altituxdes 340,
all zections ars canparable. However, ths garge sectiocn is better at
m'mwmaawr,mmmm:mrmwm
within a singls recik wmt. These conditions, together with thedr up-
stream location, give them a alight advantage over C-L?, The gorzs
sscticn at E-8) is alizhtly superior to that at D-Df. ﬂwmtaot’sub—
nergence, attituds of rock, and abuiment conditions bearing power are
-essentially equal. mma;}a’uwum‘mm
© permeadlility of Z-3', However, the foundation 1a coxpareiively thin
" and subjeet to uplift due to the occurrence at shallow depth of parme-
adle bed 3. Foundation conditions at Z-3' are really mimown; that is,
the thickoses of Unit 4 is wknows, and informtion on the werlzing
stratum i3 not available, but & dam could be placed in sush a positicn
" in the gorge so that it would be underlain by a considershle thickness
of sourd rocke If it wars placed upstrsam from the bridge it would have
the alvantage of an upstream dipe In general, the foundation at E-3?
aypsars to be strongsr than at D-D?, in spdte of the lack of informaticn,
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Ceclogy of reservoir area

Xayfiald reservoir site is comparstively long and narrow and
438 confined to the gurge of Cowlits River. For this reascn its
capacily is oot large. Area in acres and capaciiy in acre-feet have

been computed by Joinscn,. who points out that. the flow line is limited.

w 0;. ¢ite po Fe

$o about altitwie 380 fost by Mossy Hock dam site, or to about altituds
420 by Smt-In dsa sits. I% will be recalled, howsver, the most favore
abla ucdmtw&lw&ndﬁakaﬁohdﬁhuamﬁﬂum

of only sbout 340 feets A pool with level at this altituds would have

134

an area of 526 scres and a capacity of 19,060 acre-feet. Iis backwater |
would not immdate Mossy Rock dam sits. The most favorabls sectian for

a high dax does not excesd altitude 400. A poal with this level would

.havs an area of 1,510 acres and a capasity of 80,120 acre-fest, Back=

water from such a daz would immdate the Hossy Rock site but Shut-In
dan site would not be affecteds oy

Conparatively 1ittls 18 inown sbowt the gealogy of the area, but
econditions are thought not to differ greatly, ifnm;.fmthou
descrided at Mosay Rock dam sitse In general, bedrock is made by the
andesites af the Keechalus series, and 18 cverlain by Plesistocene aill
and outwash.
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Laakage from layflsld reservoir through sedizents £1lling the
rreglasial course of the Cowlits River is a posaibility that must be
considersds From a point appracizstaly two milss upsiream from the-
dam site to a puizt abowt 1} milas below the dam site, tus Coudlits
flows in rock-wallad caryons of its Tecent Juperimposed courses’

{Ses Iigs. 2u) m,b@wwmﬁMM,
the jrssent course coineides with the preglacial course. From aporoxi-
nately two to six milas upstresm from the dam aits, ius laft bank of
the sreglacial vallsy is outlined clearly in secticns 9, 10, and 15,
Te 12 Bey Ro 2 B, fizurs 2. Frem 13 to 32 xmiles downstresm from the
dsm sits, evideaes of the rroglacial vallay occeurs in seciicns 25 and
@, Te 12 Hey Re 1 So Batween ithese Lwe localiiles, the exact cowrss
£ the rreglicial vallsy is net krown, bubt 13 believed to follow
W&ecmm\mﬁm&

Sediments of the Ulder drift do ccowr near stream level in ths
superizposed stretoh at the mouth of Winston Craske Distribubicn of @;
Mwwmwmw:m&ydmmame
‘glacial tributary streem, posaibly ancestral to Winston Creske incther
suall tribubary behind the right abuiment in SZ3 sec. 20, T. 12 Fe,
R, 2 Es, w83 cutlined by drill holes put dowm by the City of Tacoma
(ses 2igs. 2, B, and cross sesticns E-E' amd P-FY, flg. 9)e Drill hols
samplss of materials filling this tributary channel ware all highly:
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inpervious ani were interyreted as belmging to sediments of the
Clder drift. Thase materials arpesared Lo be very similinr in the
varicus holse, and the following condensed.log of drill hole Hoe Eel2

is submitted as typical:

" Log of Drill Hole Hoe H-12

Lecatians 425 feet south and 734 feet west of centar sec. 20,
Te 12 Hey, Re 2 Eo, We Ho Lowis County, Washington

Cperatar: City of Taccma, Light

Departzant
ALl zesswrenents are in feet Ixamination of samples Lys
Ae ¥, Bateman, Jre

Surface elevation: 573

Pescription

Clay, deep yollovd.ah—-bm, Iine-
grained, medium plasticity, tough

&b plastic limit. Containe scoe
fine sand and scattered pebbles

to one—eighth inch. Scos pebbles

are softeaned and decaywde

=% 3
Betrdx, yellowish-trownish gray,
fairly wll-graded, with ccbbles
+ %0 14 inches. Many cobbles have
decaysd, discclored rinds up to
ons-eighth inch thick; but are
otherdse hard and sounde

a
palrix, light yellowlsh-gray,
fairly well-graded, with cctbles
to 1} inches. Cobbles are hard

~

~

and sound, ODrillerts log reports

occasional boulders.

Eravel apd sand with sllty clay

patrix, light bluish-gray, {ins,
fairly well-graded. HMaxizum
pebbles slize thrse-{ourths inch,

Im, I
0 10
10 L
5 37
37 67

.

Jhicicess

20



~7

Gra ; i with adldr ol:
mat gray o ligne bluish-
gray, fairly wellegradad, coctolas
10 3 incnese Drillorts log reports
occcasional boulderse 67

Dy wl + ma
light relloadsh to brownish zray,
fairly well-graded, psbblas to

Orsvel snd sard with silsy clay

patrix, ldgnt blulsh to trownishe
gray, falrly well-gradad, cotbles
to 1a inches, occasional boulders. 97

Gravel and sand with silte claz

satris, lizht bluish gray, weil-
gradad, fine, maximm pecbles size
tarse~{ourths incne. 32

Gravel and sand with sdlty clay
matrix, ligat bluish-gray, will-
graded except at tap whers i i3
vary sandy ard pocrly graded.
Cobalas to 1a inches amd an
cceagicnal bouldar to 6 inches.
Scne of material racovered at .
175 feet was in largs cmmke

It ressmblad very clossly the
$+111 phase of ths Shut=In

» glacial depesits exposed at the
bad of Shute-In Canyene 2

Wi 1 , s o
te brownish-aray, .
ccarse to {ine, fairly well-
graded, maxiozmm size three-
alxtsenths inech, scatiersd
pebblas to three-fourths
inche Particiss subangular to
subrowxie Conposed mostly of
arxdesitie rocks, but some guarts
ard amopphous silica, 2

Sravel and sand with siltz clay
ratris, Ught bludshegray, fairly
wall-graded, cobbles o 3 incass, 192

13

9 25

97 3 .
132 30
2 10
12 40
152 10
202 htel
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Sand ity sidiy clay matnix,
yellowdsh=orow, fairly well-
graded, contalns mamy pebbles
to one-fourth incha..

¢ zat
yullowish-brown, \d.th cobbles to
1} inches. Xatrix is tough,
plastic clay.

Glay, light bluish-gray, lean, silty,
weak at plastic limit, contains
sczme fine sand, scattersd pebbles

to one-fourth inch, and an occaienal

cotbless to 3 irches.

Gravel and coarse sand, wiih loan
Slliy clay zatrix, lignt blulsa-gray.

Sand with bluish-gray, clay matrix
and a few scattered pedbles,
_fairly well-gradsd.

Llay, light bluish-gray, lean,
silty, contains an occasional
pebble t¢ three-fourths incn.

Gravel, sapd, and clay, blulsh-
&8y, pebbles to 1 inche

. Sapd and clay, blulsh-gray.

Sand with a slightly clayey silt
mtrix, fairly well-graded,
ono—-eighth inch maxirmm size,

Sand, mdiun to fine, poorly graded,
matrix of fine sand and silt.
Top few fest contain fragments of
hard, ccopressed and flattened,
partly carbonized woode

Cravel ard sard, with an orer-
abundance of silty clay matrix,
poorly graded, light bluish-gray,
zaximm size 1 inch,

205

210

250

2%5

275

315

330

27

20

250

275

300

315
320

330

37

345

50

25

10
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Sard ard clay, with pstblas to
cne-curth inch, arxd an occasicnal .
cobble to 1% irches, L 352 7
Basalt (bedrock), medium-gray, |
dense, fina~-zrained, hard. 352 385 13

The preglacial charnel is partially fillsd with sediments of the
Clder drift overlain by outwash gravels of tne Jounger drift. Since
the outwash gravels have ratﬁsr high permsability, sespsge would readily
take place through them, and ths altituie of the contact betwsen these
two deposits {illing the preglacial valley is highly important. Bmar,‘
since Older urift exterds to altitudes higher than the propesed pool
lovels both in the material £i1ling the tributary vallsy in SE: sec. 20
and exposed alang the present stream bank ia secticn 9 and 16, it may
be inferred that the contact in tha preglacial valley is prcbably hishar
than ths proposed pool levels. The path of percolation Por water
entering the fill zaterials of tha preglacisl vallsy in sections 9 ard
16, T+ 12 Noy, Re 2 E,, to an outlet in sections 23 and 24, T. 12 N,

Be 1 E., i3 slizhtly in axcess of thrsa miles,

Swmary. - It 1s concluded that seepage lossss from the rsservolr
through glacial deposits £11ling either the buried preilacial channel
of the Cowlitz River or thas tri&rtary channel behind the right abutment
will be slight. Reasans ars: (1) the probability that anly sediments
of the {lder drift are involved; (2) the imperviocus character of these
gadizents; and (3) the lengih of the percolation path through the rre-

glacial chamnel.
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Surmary and Secoamendations

Geologic comditions are probably suitable for a high dam
samewhere between C-C' and D-DY, figure 7. Exact location of the
axis would be influenced by two weaknesses: (1) the highly permeabls
sandstone~shale bted, B, covered by only a thin thiciness of baa;lt
below the river channel at D-D'; and (2) the tuff bed, F, in the left
abutrzernt. Haximm pool level is aliituia 400 to 420 feet. A dam to
400 fast would be 500 fast lomg, ard would stand 160 feet above mean
water lovel and abcut 200 feet above rock foundation. Stéraga would
be £0,120 acre-feet. Maximm powsr could bs secured by use of the
tcf.al head without drawdovm. Flow rezulation would be cbtained by.
storage at sites upstrear,

_‘ D-D' is probably the best section for a low da= witi; crest no".
% exceeding 340 feet, in spite of the sandstcene in the foundation.

The yerreabls sandstans, bed B, in swinging over the south end
of the plunging anticline provides an avenus for seepage around the
~ left abutment. Stulies of this bed should be made to determine if
it can be grouted so as to effectively prevent seerage, Detailed f
stidies should be made of the physical properties of tuff beds D
ard T to determine whether or not they can -be incorporated in the
abutzents of a high dam,

The dam site is by-passed by the preglacial channel of Sowlita
River and bty a amall tributary, figure 2. ZIZxploratory Arilling by
the City of Tacuma snows that the tributary velley is filled with



relatively imparmeadbls glacial depoait.s. Net much 1s lqiown of the
materials filling the main channel. Hence, their character should
bs detsrmined, probadbly by drilling, to provide a man; for asssss-
ing tge dangsr of saeprage losa through these sadiments. Narrowest
cress section of the preglacial channel is probably about on the
line between sections 17 and 18, T. 12 H., Re 2 2.
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MOSSY RCCX DiM SITE

12 XX 2
(Pigures 10, 11, and 12)

lecation
¥ossy Rock dam site is on Cowlits River at mile 63.4,. The special’
wdumcwmmum-mmmmmo:m.a,
Te 12 X.y Re 3 E., Willamette _Haridian, Lewis County, ﬁaahingtcn, and

40/ Plan and profile of the Cowlits Rivers Ope cite Shests 2 and 7.

1s oo & scale of 112,400 (1 inch = 200 feet), with 5-foot contours. This
BAD was used &s & basse for the accampanying gsologic map, figurill,but
for the sake of clarity only the 50-foot coatours are shown. -

The canyon in which the dam asite is locatsad is lmown locally by
various names, depending upon \hic\h side of the r:!.var in:iuiry is m&de.
Inhabitants of the right bank, where the Dunn ranch is located, call ths
gorge "Dumn Canyon,® and this name has been accepted by the Ceological
Survey for use cn the Zatonville quadrengle, ani on Sheet 2 of the Flan

and. Profile of the Cowlits River. Nevertheless, the innabitants of the

4

left bank, waers the Young ranch is located, prafer to call the gorge
"Young's Canycne™ This name has been used by the Corps ofE:‘nginmand.
private intersst= who dave reported on the dam sits, and thus is not
without local prestige. Fortunately, tie name of the dam site has been
taken from the littls village of lossyrock, on the higzh terrace a mils
to th; southwest of the site, and besidss giving focus to itas geographic
location, avoids the local comircversy cver the name of the canyone.
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Accessibdlity

Hossyrock, in sece 13, Te 12 Ne, Re 3 3., 13 the nearest setilo-

rent to the dam sits. State Highway 'No. 5, surfaced and open throughout

the year, passes through tids village. Nay?isld, 5 miles west, is the
rsarsst railrcad poimt. IJearsst hotal acecomodations ars at Mevten,
13 miles northeast, and alsc a raillrcad point. .

A road running north from Mossyrock leada to the Harmany bridge,
C SE3 sece 1, Te 12 M., R» 2 3.; thence ncrthwest to Harmony, ard a
branch t0 ths east laads to the Dwm ranch through which access may be
had to the right bank of Cowlitz Rivar at the dam site. ILocal tralls are

shown on the special topx rapnic map of the dam sits.

Purpose of project

%iatumdwdomemwwmthemw&a

" dam at this sits. In their report cu the Cowlitz River, the Corps of

g/ (HD. cit. FDe 2&-29; 32-33.

Engineers dascribe the project in the following wordss

' "1lle - ~ ~ The Hosay Rock Reservoir dam sits is located :
on the main Cowlitz near the head of Young's Canyen in sectiom 8,
township 12 rnorth, range 3 sast, Willametts meridian. The reck
walls of the canyom at this point are 4O fest apart at the water
surface and about 40 feet in height. The hillsides above the cliffs
ars steep, untlil a wide bench on the socuth side is reached. A dam
300 feet high would reach this bench, and would have a crest length
of 1,000 feet.”
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"137. Istimates on the water available for site 12 XX 2

are:

Drainage area, 1,170 sge miles

Total for basin

..

sa Joo s

Per squars mila

Munoff, averagzs ratas

funoff, avsrags annual total
Natural flow GO per cent of the

tine

Hatural {low 50 per cent of the

tine

04 Bo W6 BE S0 4o 43 96 Bt Jos s &

5,300 seccnd~fest
3,800,000 acre-

1,610 second-raet
4,130 secad-{aet

foet

6 04 05 PO 00 v go o

Le53 second-Taet

1.28 sacord-?
3457 secari~ilet

MRagulation of the {low at the sits could be accumplished
with storage of 570,000 acre-{eet at this aits and 665,000 acre-
feet above, menticned in paragraph 135,."

*Such storage could produce flow as shown wnder regulated flow

in the tabla below. Vith an

be developed as fallows:

-

operating tsad of 250 {eet power could

With natural flow

e 8o o0

With regulated f{low

O 44 4% 40 ¢ s we

%0 per cent of the time:
:
50 per cent of the time:

>

Secend=- 3 3 Seconde
foat ¢ Kllowatts ¢ feet : {dlowatis
* . 3 s
1,600 : 29,000 s 3,780 : 58,7C0
: ] H
hpm : 755@ s A,zho H 63.600
H H H




~0

Frevious exploration.-

The late Ira A. Williams, consuiting geclogist of Portland,
Cregon, explored and described the geology of Nossy Hock dam site in
considorable detail for the Eackus-Brooks Lumber Cazpany of Mnnsapolis,
Minnescta. His findings are cutlined in a series of three cozpresensive
repcrts, excellently 1llustrated with maps, cross secticns and photo-
grarhss The first compares two alternative dam sections in Ioungts

Williams, Ira A., frelirinary Presentation of the Camparative
Merits of Two Prospective Dam Sites in Young'!s Canyon, Cowlita River,
Washingten. Fartlard, “Yregone July, 1927. ZIExhibit "C", Vol. III of
Report on Preposed Hydro-Electric Develomment, Cowlitz River, Washingtom,
unpublished report by Ralph D. Thamas, Consulting Engineer to the Bacikus-
Brocks Canpany, Minnesapolis, Minnesota, Cecember, 19528.

Canyon, Cowlitz River, and the downstream or No. 2 site is indicatsd as

: the most feaaible. This is essentially ths site mapped Ly the Geological

Survey, except that the Survey mapping extends up ard downstream for

A )

43/ Plan and Frofile of the Cowlitaz River. Op. cit. Sheet 7.

about 200 feet from the limits of the No. 2 site as defined by Williams,
and is somewhat more extensive on the north or right bank. The center
of the No. 1 site is about 1,200 feet upstream {rom the center of the
No. 2 site. A fault along the left bank of the river was the chief

i
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reasen for its rejection. The secand report outlines geclogic factors

williams, Ira A., Report on Cealogic Conditions Beneath Junn
Flet, Young?s Canyon, Cowlitz Iiver, Yashington. FPortlamd, “regene
January, 1928, ZXZxhibit ™87, Vole. II of Report on Froposed Hydro=-
Zlectric Develorment, chhtz Rver, uasuingtcn unpublished repart
by Ralph De Thooas, uenmmgdngjmrtothsdackua-&-ookaw,
innaapa}is, Minpescta, December, 1928.

cerditioning percolation of reserveir water through the fill of the pre-
glacial gorge of Cowlitz diver that by-passes the jam site, and the
third report describes the gesology of the favored dam secticn at

1}

45/ wWilliams, Ira A., Report cn Ceologic Conditions at Dam Sits
Nos. 2, Younz?'s Canyon, Cowlitz River, Washington, Portland, Cregone
July, 1928, Exhlbit "D%, Vol. III of Report on Proposed Hydro-flectric
Develomment, Cowlitz River, Washington, unpublished report by Ralph De
Thomas, Consuliing Znginesr t9 the Baclus-Brocks Company, Minneapolis,
Hinnescta, ecember, 1923,

greater lengthe All of these rsports havs been studied in detail, and
sane of the factual data, such ds logs of bors holes, have been used
to supplement and interprst cbservations made in course of the present
investigation. |
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Catchment basin

The drainage basin of Cowlitz River above Hossy Rock dam site
has an arsa of about 1,170 square miles. Inasmch as Nossy Rock dam
site is only 11. =miles above Fayfield dam site, their catchment basins
are practically identical, the chief difference being the exclu;im of
the Tilton River basin from the drainage tributary to Mossy Rock dam
aite. Indeed, the diffsrence in area between the two can be accounted
for largely by the extent of the Tilton River basin. Sincs ctaerwise
they coincide, reference 1s zade to the catchment basin of Mayfield -
dan aite (p. 77 ). |

Stream gradient

L

Cowlitz Aiver is ungraded in the vicinity of Xossy Rock dam

alte from the mouth of Tilien River, mile 57.5, to Sulphur Creek,

mils 66. Over this distance of B.5 miles, the total fall is about
121 feet, making the average gn\sdient a little mors than 18 fast per
mile. However, the gra.d.iaxt through IOE" Canyon or Xossy Rock
Canyon 1s only about 3.5 feet per mile.

48/ Flan and Frofile of Cowlitz River. Gpe cite Shest 8.
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Valley profile

.

Cowllin REivar valler at Hossy Rock dem sita is not the origine

/ﬂ rd /—’ 7
14 !
.

Cunduviend valley of thg stromme  Ihe rolaticnship of tha activa,

conad gorges of e river to its preglecicl valley ia shown in
Tlmwe 2 oard Digpare 10, J=dte Only tho present-dxy toposprephy ls

oy et Y g, ) S | o % wigs] K 1Y -~ ”r. . SN "y ey
consldersi in the deseription that followse The ancicut ternsorophy

Laz repted thay deals with the zoslogy ol the ressrvoir crea.

Crovoesecticn Jed¥, {igure 10, 12 typlcal, ami shous the river

secwrying a sharp, narred dlob in ths bettom of a U~shapsd valley that

4

his ween supsrinmossd upsn A thick succsssion of massive flows of

Lo lavs that make a brond, nm'th-tre_niin;;z spar iato tie valley
i the preoglacial Cowlitze Supsrisposition must have taken place late
in ¥leictocene tims, probably during the Vachon (Viscwnsia) slacial
wooch, upcn 3 broad agoradotional shicet of outwash thut campletely X h
sulnerged the lowsr olovations of the olier lendscape. Tae width of
" thds suricce in the nsizhborhooi of lesgy Hock is ebout & milec, and
Tt presont aliituwie is arcund 700 to 750 feets OSlopos to ths regicnol

auweld lovel begin at tiacse slevations and rise to 1,503 feet on the south



The general form oi‘ ﬁ’ae valley, figurs li, J-J?, ard the presence
in the walls of well-ccrmpactsd masses of till is indisputabls evidence
that alpine glacisrs played a part in its develomrent. Eei‘a‘ra rejuve=
nation and the initiation of camyup-cutting this va‘..lay-was about éCO*
feet across fram rim to rim ard at least 200 fset deep. The cld bottam
now stands at altitudes of 435 to 450 feet, and its gradiend to ths
corresparding featwe at Mayfieald dam site, downvalley 8 milss, i3
about, 10 feet per mile. -

Gowlitz River is atillbbuailﬂantmching 1tself into the floor of
113 late or postzlacial vallay ard has now cubt a gorgs about 95 feet
deeap. Iemnants of the old bottoms remain on tie left bank as rock-cut
benches at altitude LBS » axxi on both banis at altituds 450. Fourdation,
or charnel bettom, is at altitude 330. The total reliaf.of the vallay
© ig thus about 370 feet. 'Within the gorge, owing to the dapth of the
water, the hQeight of thae walls usually appears to bs about 60 faete.
‘;’idth at the lower terracs level is also about 60 feet, and at mean watar
lovel it 1s scmetimes as parrow as LO feet. In such places width of
chamel ard depth of water are essentially equal. Usually, though, the
walls drop vertically from the terrace levels,‘ma}d.ng an almost perfect
bex c:ﬁvcn. Tis length through the massive rock spur into the. preglacie.l
vallay of the Cowlitz is sbout 6,500 foet, but the length of the danm sita,
i‘igure 11, is only about 900 feet. Even thousgh thé precipitous inner
m.llsuare nearly sheer, tasy ars by no means smootlh plane suriaces.



Diffarential erosion has taken place aleng Jjoints; shear zecnss or

small faults on which thers has been movement with resultant shattaring

and weskening of the rocks, and hard, thick resistant dikes. These
featurss yleld sharp, narrow V-shaped re-entrants, ths crush zones
make coves, and the dikes stand out in relief buttressing the walls.

Apparent possibls height of dam

The cantrolling altitude for a dam at this site is 700 feet, the
approximats level of the outwash plain. iligher altitudes are out of
question because of the length of sccticn involved, if for ro cther

reasone A dam to altitude 700 would stand 370 faet above fénndatic’n.

Hmver, eccnonical sections with bedrock in both abutments do not
occur above altitule 620. A dam to this level would rise 290 foet

 above fourdation, and length of crest would be about 600 feet. It

td.nbonotedthatmhtnzwtmiaabmnéofeetlmr-@hantm
considered in the Corps of Zngineers report. Raising ths crest line
to higher altit.ud'es depends upch the daﬁ:th of cover over ths upper B
part of the right abutment. This problem will be considersd wder
the next topic. "

150
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Character and dspth of valley fill

The valley fi1l at }Losqyaockdansiumbe clagsifiad as
glacial deposits, talus, arxd alluviwm. '

The alluviua is all active ard sucmerged in the gorge. Host of
the material is complately unconseclidatad sand and gravel, with
occasional largs bouldsrs. Transpert is vigoarous, and probanly only
the larger boulders are to be regarded as relatively staticnary. -

- These daposits ars »olly swrficial and of negligihla volume.
Thickness is highly variabls, dapending upen the stage of the river.
During low water when tha current is at a minimm, accumulations zay
amownt to 10 or 15 fset, but when the river is in flood the channel
bottom is rrobably swept bare axcept for the rolling load.

Talus is also surficial, and not espscially active. The larger

- pleces consist of angular Joint blocks, and the spaces between them

“are occupled by sard and gravsl from the disimbegrating till and out-
wash higher up the alope. A'lhickneu of ths talus seldom approaches
50 feet, and the averags 1s pr;bab:!: 20 or 25 faet. ‘

Glacial deposits exposed in the dam site area belong to the
Younger drift, They consist of £ill overlain by outwash that mantles
the valley plain. ZIZIxposures of well-—compacted till stard in low |
banks on the south (lert) wall of the valley, just below the rim,
in the wvicinity of Sta. 1 (altituds 725). Cobbles ard pebblss of
izneous rocks are abundant in a matrix of gray-ouff silty clay, making
a typical boulder clay. The thicimess of the deposii ia not xnewn, but
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1tmum,mwmydmnozmmmrm. Resting
upon 1t are bedis of btrown, bowidery locam, containing laysrs of line~ .
cemented graveli, that extend up to the top of the benche. These materials
are of cutwash origin. The formation was penetrated and carefully logged
in Test Pit No. 2 on the right bank, from which the following record
was takens

‘ Section of Outwash Gravel in Test Pit Nos 2

Surface elsvation 722.0

Descripticn Thicipess (Feet)
Scdl - 10
Gravel, fine 13
Bouldars and gravel : 7'y ,
Boulder ard gravel, camented : ik
Gravel and clay, cemented 8
Gravel and sand, hard 9
Gravel, camented, hard -3
Gravel and clay, soft 3
M.blm,n&dy 9

75

mwmwnw«m.mmmmmmu
ctptrt.icnhrecucmifthoﬂwumntndmiatobohishetm ‘
altituie 630, for this would require a lang cut-off wall through the
outwash. Permeability tests by Willims on the "cement gravels® show
that the coefficiant of permeability, X, varies from 6 x 135 to 38 x 1076
foet. per second, and that the cosffisient for the formation as a wials
18 about 22 < 1070 fest per second.
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Country rock

Bedrock at Mossy Rock dam site consists of about 300 fset
of basic andesite lava flows and flow-agzlomerats that are cut
by thin dikss of andesite and basali. The extrusive rocks ars
assizned tentatively to the Xeechelus anﬁsaite series (?) of
the Miccene, but thair stratigrachic position within the series
" is wnknown. The lavas at the dam site striks almost dus west
and nave a mocderata socuth dip. Consequently, the youngé.st rocks
are exposed at the top of the left wall of the canyocne. ;
Keechalus andesita seri=a (2). - Throughout the exposed

section the formation exhibits great similarity, and it is-
. difficul: to separats ths flows on the basis of
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lithology, as can be done at Mayfield ard Cowlits Falls. thers flow
contacts can be recognized they cannot be traced for any considerable
distance because of the 'emtic distribution of cover. Again, same
ofwwcmnmmcmiumcm@emdnofﬂw-
agglamerate and fore-set sheets of lava, so that the inmtsrnal st.nxctm
is very confusing. Hence, although h.au contacts are indicated tenta-

tively cn the cm:—mﬁm J=Jt, ﬁgure 131, no a;htanpz was pade to map

individual flows or beds in the field.

The andesites vary in color fram dark-gray to black, and when fresh
their surfaces glisten with minute crystals of plagioclase. Vesicular
lava is of ccomon 6ccurrsm. in their upper Ms, and whers the f.ép can
be identifled it 1s often sccriacecus and shaly. Evidently sufficient
tims elapsed between the major units for the accumlatich of thin layers
of scil or ashy clays, axd when these beds were over-riiden by ancther

lava sheet the thermal mstamorphism baked them into brick-like material

varying in color frem pink to dull red. These contact zones vary in

* thickness from a few inches toR or 3 feet.' Althougn fairly well E

indurated, they are much softer than the enclosing lavas, ard are
usually etched out by weathering and ercsicn to depths equalling their

thicimness..
Cellular rock at the top of the major extrusive units often carries

abundant arygdules of quarts and calcits. Fresh material is bluish-gray,
but where weathered the color is plnkish-gray to dull red. The facies
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called flow-agglcmerate arpears to be in much greater quantity than the
normal andesitic lava. This may be because of its greater ability to
stand forth in massive axposures, dus to widsr separation of jJointse.

Ths dikes are similar petrologically to the lavaa, although mors closely
related to basalt. Jame of tham ars very fresh, and they may be a gocd
deal younger than tha flows they cut.

The lowest flow is massive and of ccmposite character. Bore hola
data suggesta that 1ts tstal thickness is about 210 feet, Haturally,
this makes an excellant foundation for a dam. The top crops cut on the
rignt bank at about altitude 455, and is marked by a layer of vesicular
lava about 10 feet thick that 7zields mmcrcma sesps of water. In the
vicinity of B.H. ABI; Just below ths top of the flow, thers is a sheet
of hard, dense lava about 20 fest thick that 1s the freshest flow rock in
the dam site, and typical of all the andesitas. Across the river, at
Bede 427, there are two 5-foot sheets of similar lava separated by 10
feet of flow=agglicmerate, The lateral extent of these flows is about
200 feet, and probably represents the width of an individual lobe or
tongue of lava. Viewed in cross-section in the wall of the gorge the
"bedding® is wavy and undulating. Cne hundred feet downstream from -
B.M. 427 the upper sheet lenses out, '

In hand specimen the typical andesite from B.M. 431 is a dark gray,
massive rock, breaking with a rouzh sub-qonchoidai fracture, Texturs is
porchyritic, and is developed by countless s:na.ll needles of plagiocclass
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feldspar with an occasional larger ta.bula.r grain, whosa cleavage faces
glisten and relieve the dull luster of the groundmass, This portion of
the rock is aphanitic, and aside from the phencorysts, is broken only by
occas}ml blebs, 3 to 5 m.n. long, of a dark-green mineral that may be
aygdalaidal. )

Under low power microscopic examination the rock is definitely
perphyritic. Fhenccrysts maks about 75 percent of the rock, and consist
chiefly of clear grains of labradorite (60 percent) with average length '
of 0,9 mm., and an occasional grain 2.0 zm. long. The cther phenocrysts
are predominantly ssrpentine (antigorits) psewdcmorthorous aftsr pyroxene, |
with occasional unaltered or partially altered grains of p:’roxene‘ (aﬁgit‘e).
The groundmass is a much finer grained, granular, intergrowth of plagio-

clase and pyroxene, averaging about 0.03 Em., With scxe bpaqua iren axides

" and cther accesscry xinsrala, The only secondary alteraticn produet
"boticed was amygdaloidal chlorits filling an cccasional small cavity.
- OCn the whole this rock is as strong and fresh as its 'appura.nco indicates.

The rock here called flowegglomerste is exposed typically in the
cams lower flow in the vicinity of B.X. 450. In hand specimen the
weathered surface is brown, mottled by dark gray and dull green spiotches
where arygialoidal minerals have broken out., Freshly broken sﬁrtaces are
a lighter grayish~brown, and close inspection reveals a porphyritic tex-
ture, with dull chalky phenocrysts of plagzioclase. The groundmass is
aprhanitic, and embads numercus shct~like blebs of a brownish substance
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with & sub-resinous luster. Jesicular structurs is well dovaloped,

uiﬁx most of the cavities cccupiad by greenish and brownish amygdaloddal '
ninsralse

, Yicroscoplic examinaticn snows tnat fundamentally it is much the

same 23 the compact adesita fram BJlle 431, but it is mderatoly altered
and contains a good dsal of clear, fresa, light-brown volcanic glasa in
ths form of rounded and irregular masses, with thin, W, conecting
veinists. Ths rock is, therofore, intermediats in character betwsen a
vitrecus tuff and a normal andesitic lava, and evidently reprssents a
more axplosive phase of volcanic activity than that resulting in_t}:e
ccmpact nen-glassy andsaite. fQuite posaibly zlassy pyroclastic mt’erial
settled upon an activae lava sireeam and was admixed. The fiald term flow
agzlarerate recognizes this, but is not cazplately dem'j:ptivo in a petro=
grapanic sense, and i} seems best to name the rock an andesite-vitrophyre-
agglcmerate.

Glass is estimated ronghly to make 15 to 20 percent of thes rocke
When in rounded or oval form tha blebs seldam excesd 3.0 me. in length,
and have ‘siurpl;r defined outlines. Fargsr, imgular masses, up to..

8.0 mm. in length have transitional boundaries, and pass insensibly into
the groundmass, but angular {ragrents of scmwe of the larger, {irst-
geheration plagicclase phenct:rys;a, vhich are zoned, are eunoeddad along
the margins. This type of glass body usually exhibits aphyophyses or

is connected with anctiier mass by thin vesinlets. This i3 considered as
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further evidencs of pechanical mixing., wWith the exceptian of minor
stains of red iron aclde, none of the alteration products cbserved are
the result of weathering. Amang the changes noted are the replacement
of jlagioclase by epldcte, saricits and chlorits, raxens by serpentins,
ard glass by serpentins. None of these changes weaken the strength of
the rock so much as does the rresencs of the glass. In =small bodiss this
material camtributes a certain softness to the rock, and its tendency to .
absorb watsr sccentustes this condition, and is probably responsible for
the soft, weathered appearance of scme of the exposures. Vesicular
structurs furthers the weathering process, and such of this rock is now
stained by hematite to pinicish-gray or dull red. Hevertheless, wiers
fresh the andssite-vitropyre-sgglaerate or flow-agglamersts has smple
strength to support a dam.

Overlying the thick, composits lower flow is a thin shest of veaicu~
lar and agglomerstic or tuffacecus lava that probably doss not exceed
35 feet in thickness. mminmumtobelimthatthisbeddmm
inthic}maoatoarmmdnllholeza.uﬂitmlmaoutccupletely
wvithin the left bank. See figure 11, J-JT. ' ’

" The remaining, or upper part, of the right tank conaists of a
canposite lava mass much like that in the gorge, ard a flow contact high
mt;belartbankwgommt its total thickness may be about 120 feet.
A specimen of basic andesite porphyry from B, 548 is from the lower
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part of tais unit. The rock 1s mediwm brown in color and diffars froa
the Black acieaite at Bue 431 in that the ratio of phemccrysts (20 ver-
cent) to groundmass (S0 percent) is appracizately reversed.

Cn tae left bank still higher flows crop out in tha floar of Toung's
Creek up to altitude 720, and show the same camposits charactar of cver-
lapping and interfingsring loves of aniesite and axdesite-~vitrcpnyre= -
agzlcnerats, with ths latter rredominant.

Intrusive rockss - Five dikes cut ths lava flows in the dam site
area,&ziasmoflaorlzcmpoubinmg;rgebetwthaam
rargin of the dam sits map and the hsad of Young's Camyone Striks varies
frem de 359 to 65° We, and width from 5 to 25 feet. o

Thoe largest and thickest dike in the iam sile area, known locally as
tae MBlg Jilis,” crope out on the bench on thas left bark about 100 faet

" northwest of Buie 437. Strike is about N. 50° W., and dip i3 vertical.

@awm:mmmisabmzofen,mammngm
revealad greater thicknesses, and across tne river dm it is wider
ard more prominent. Freshly broken surfaces of the rock ars almost jet
black in color, with a glistcﬂ.ng subvitreous lustar; weathersd surfaces
areolive 4rap and very thin, 'metm\hrsisvurydm_, but is raliaved
by a sprincling of small grains of platy plagioclase whose cloavage faces
mirror tha lizht. Tmrd the margina the. rock is even more dense and
glaasy, an: i3 so thoroughly welded to the walls that the boundaries are
3ifficult t3 locats. The pest criteria are its darker colar, [iner grain,

ard superi:cr hardness that sometimes causes it to stand cub in reliafl.
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Mnother characteristic of the rock is its thorough joimting, closaly
spaced, and normal to the walls, aotbatitbruksiﬁtomallcmm:
a few inches squars. Cross fracture normal to thess joints is sube
concheddal.

¥icroscopic examination shows the rock to have porphyritde ‘tctm‘,
but the larger phencerysts (0.4 to l.4 mm.) are camparative few in muber
and only make about 5 percent of the rock. Plagioclase (labradarits)
is the predaminant mineral, and there are & few widely scattersd grains
of pyroxerce The groundrass conaists of smaller crystals (0.05 mm.),
with fluxion structure or parallel arrangement, and minute needles of
plagioclase in a mesastasis of lizht-brown basic glass (ixﬁexofr;ﬁu-
tico about 1.555) The parallel fractures memticned revicusly have been
_ healed by £11lings of clearer glass. This dike rock is a basic andesite
vitropiyre, closely related to basalt.
+ A five-foot dike crops out across the river, 15 feet west of B.. 450
Strike is N. 35° W.; dipisabaﬁ&?%’.,bﬁthmiamvari&timin
these data due to irregularity of the walls. ‘ma rock is a dense, dark-
&y vesicular basalt, with irregular vesicles parallaling the walls,
Cooling has developed calirmar structure parpsuiicular to the ualls.
One of the featurss of this dike is a median jcoint. Cn the laff bapk of
the river its southeast extension cuts the wall of the gorge about 300
feet downstream frca Dui. 427. This apparent deviaticn in strike results
from xall offsets on Jjoints trending northeaste
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The other dikes were not axamined in details Cre poorly axposed,
axcept in test pits crops out high on the laft abutment north of test
plt 13 and 19, It appears to be about 10 feet thick. Two other small
dikes are poorly exposed northaast of Be 431, but may be seen to better
advantage in the walls of the gorge 300 and 450 feet, respectively, upstrsam.

Structural features

Biﬁcfbeda. - (n account of the thiciness and nassive character

" of the lava beds, observations cn their attitude are difficult to securse
A further ccoplication 1s the canposits character of the flows, fqr dips
upmindividmllobeaortmgmofhvamyembodvmalmtofths
gradiant of the flowe Dips upcon these coamponents may be as-dsceptive as

 dips upen false-bedding in & Sedimentary rock. ' |
The most relisble dip in the dam site area is 19°, S. 12° W., amd

-

was taken upon a rather extensive surface of azglarerats at 3.4, 427.

The attitude of a tain (5-foot) sheet of andesits within the agzlcmerate
at the same locality 4is 25°, 3.°25° W., and the flow also carries closely-
spaced Mbedding® joints of identical attitwls. "Bedding® joints with
similar spacing and attitude wers also observed in stratigraphically
higher flows at 3ta. 2 on the left banks JSeveral cther dips were cbserved
in Young's Camyon outside of the dam sitas area, as follcws: right bank

at foot of caryon, 129, S. 20° W.; left bank at head of canyom, 15° S.;
ad right bank, 1,000 foet upstream froam head of caryen, 15°, S. 20° 4,
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Sxcluding the steep dip on the ardesite sueet at Bddie 427, and ths

‘attitudes infarred frm "bedding® joints, the aritimetical average of

the surface cbservations of dip is 15%, S. 13° W. _

Determination of dip from the bore holes is also troublescme becsuse

of the difficulty of recognizing and correlating flow contacts in the

‘ cores o logs, ard bocu\xso an insufficient number of holes penetrate

the sams horiscn. wWhat data there ars, however, sugsest a dip component

of 8° south.

Joirts, - Joints in the lava flows at Mossy Rock dan site may be
classified a8 cooling Jodnts and tectonis Jjointse The cooling joints may
further be separated into "bedding” joints and coluxmar Jointing perpen~
dicular to the walls of the dikes. The "bedding" joints are confined to
ths thin, hard, btritile anissite sheets, ard do not seemtc affect the
¢ thicker, massive layers of flow agglamerate. Haxagonal, or colurmar
jointing has not been recognized in the lava sheets. Since the rocks in
mwm&motcmmubmnﬁmatthemuu,cm
Joints, slthough ususlly closely spaced, are not liksly to be persistent
or to contribute to the permeability of the small rock umits in which they
occur, "

The tesctonic joints at Mossy dock dam sits are conspicuous because of
their topograthic effect. 7Two sets of coamplementary master joints are
easily recognizabls because of their strong development and persistence.
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They are noticeabls chiaily i= Cz-aserate faciss of the lava,
and of course ars also rrasens . .. ~or—al andesitic faciss, but are

scmewhat obscured by their clsser :muciaz In the harder and mars brittls
rock. . Cns set trends norihwesi and variss in striks fram He 35° to 62° We,
and is easily identiflied because of itz control over the di;ract:}:m of.

dike intrusicn. Xost of these joints iip rortheast at angles of 75° to
80°, and are spaced anywhere irom 20 tc 30 fzet apart in the softer, mors
alastic flow agzlamerate. (ccasicnally when dips are as low as 45° to 565,
the fractures are lasss well develorad. Thare 1s also a variant high angls
dip to the southwest in some members of tais sed, and the dip of aame of
the dikes that ara under joint control 1s vertical, Vardatiom in s]tmgth
and spacing 1s illustratad by a stronz shear zone strildng H. 62° W.,
through BaMe 437. At the BuM. 1% ccnaizta of but one fracture that appears

. to be dying out to the southeas:i, tub on the right bank it consists of a

series of fractures spaced about 2 f22% azart over a width of 30 faet.
Scane of thess foatures ars expressed toresraphically by small re-entrants
or chimneys in the canymn walle™ |
To the southeast joints of this zarticular group emter the basalt
diks that crops out just south of 2.4. 437, and then parallsl the north
wall a few fzet within the marzin as 3 3ingls fracture along which there
is evidence of movement. A median joint also cuts the thin <dike across
the river. This is evidencs of tie renswal of the stress that developed
tae northwest set of master joints, and susgests that the complamentary
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Joints trending northeast make a cognate system with‘taayomam' frace
tuwres of the nortowest set.

The master joints trending northeast strike Ne 45° to 55° B., and
dip 75° 5%., or may be vertical. Opscing varies from 5 to 25 feet.
Differential movement has taken place along scme of them, and e::odcn
alcng the crush zones has sxphasized their topographic expressicn. This
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is shown in excellent detall at the east end of the dam site map between

B. 427 and BJfe 431. Another mecber of this set is inferred to strike
through the soil-filled ravins separsating the two mdvo‘ exposures of
bedrcck Just south of drill hole 2-4, and it ia also. thought to be
responsible for the offset in strike of the two dilkes in the bot.m;o:'
the gorge, especially the narrow cne trending southeast from BoMe 450.

 Another important element of this set is the Young's Creek fault at the

west end of the dam mita area (see Faults),

'+ In sumary, the hard, brittle, andesitic facies of the lavas are -

usually so jointed that they form blocks that will probably average in
the neighborhood of 1 foot by 2-feet by 2 feet. Cn the other hand, the
softer but mare massive flow-agglamerats facies 1s cut into blocks that
probably are not less than 6 feet on an edge.
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Faultse - 4 Jow faults are present at liossy docx dam gite, bu‘;‘their'
displacements aire small, and would te very difficult to detect in ths

'thi@kmad.velavaﬂcwifitmnctfarthaotf;etoraaoccasiml

thin btasalt dike or flow contact. Iost of them occur along tha lines of
the master Jolnts and are evidently related to the same stross.

‘The fault within ths Bigz Dike was stuiied in conaiderabls daw.l by
Williams who found conflicting evidence of the direction of movenent.

w Op. cite Jw. 1328. pe Lbe

Sazme- mvaﬁma show diagcnal striae dippng 45°, M. 53° ¥%., and other
strias dipping 75°t?80°8. 53° B, The movement appears to have been
largely vertical, with a downthrow of about 25 foet on the north aidse.
The magnituds of thls displacement has been estirmtad frcem the apparent

" offset of tha top of ths basal lava flow. Within the dile tha walls
.ofthofractmmcnlyafrwtimofmimhvapnrt,mdmuparaad

by a thin fil= of gouge clay, and crusts and veinlsts of aaeandary
minerals ars also occazicnally present. .

The Big Dike, and presumably the set of nortiwest fractures to the
north of 1%, 1s itsel? offset by another fault striling N. 55° E., in the
vicinity of Sta. 3 on ths laft tank about 150 feet west ‘of' Ba¥e 4376
Thia feature is known as the Young?!s Craek fault, as it cuts the left
wall af the caryen at the mouth of Young'!s Creek. Dip is vertical or
sbout 85° W, On the rigzht bank the fault zone is about & foot wids, and



at Stae. 3 thars appaars to be a ™orse” about 10 feet wides The east
wall, or foot-wall, is smocth and persistent with well-daveloped
slickensides. Couge clay and breccia rests upan this wall and shows
considerable evidence of weathering and ferruginous stain dus to the
novemdnt of water through the fault zone. Cffset, as measured by the
 displacement of the Big Dike, is atout LO fast, and the character of ths
dislocation suggests that the relative movemsnt of the east side was to
Beference has been made to differential Dovement an the fractures
trending northeast between BuM. 431 and B.Me 427, Zlght or ten of these
features occur witain s horisontal distanca of about 100 feete Uaua:uy
they ars dmlomd 1:1 mirs with rathar wall-dafimd walls that are
separated by zcnes ‘of crushed rock. Their width varies from 2 to 14
, Teet, arxi the braccla sometimes contains blocks 3 feet lcnginamatrii

16¢€

of soft clay. The sasy arcsion of this material is responsible for their

topg raphic expression as alternate re-entrants or coves and wain
butiresses. Despite this ev:i.dcnca of ccnsiderable strain, the diaplaco-
mntala:gthmfmctnrudoeam appear to have besn great, aniin

prcbablyoftheorderatthatmthe!m'acmrmm Cnthobuis‘

of strike thess fractures may be clasasifisi with that fault, but it
should be noted that they dip in opoosite directions. -
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Indian Creek fault. This fault,does not crop out within the dam
site area, bub is axposad along the left bank of tha river in the
vicinity of the mouth of Indian Creek, 200 fest N., and 800 feet We, of
| 8. cor. ssc. 8. (See figure 2.) For 600 fest downstream from Indian
" Creek it is largely in.the river, althcugh close to the left bank,
controlling the course of tha caryon, and it enters the lef? bank in
a snarp re-entrant about 600 feet upstream fram Buie 427. In genaral,
the strike along this portion is sbout S. 52° W., and this trend carries
1t 300 to 1200 feet south of the left abutment of the dam sitss Harizamtal
offast detarmined by the shift of dikss, is 70 to €0 feet, and the rslative
rovement of the southeast block was toward the normn,mm;m |

“

@/ Cpe Cit., July, 1927. ~hctograph IC 58-63’ axplanatione

noted that the dowmthrowm side of the fault- was on the southeast with a
dip slip of about 50 feet. However, elsewhere in his report (chotograph
IC 30) he states tizt the fault surface 4ips northwest toward the river
139 o0 5% from upright,” that is 85° to 87° fram the horizontal. Toder
these conditions, il the southeast block moved dovm dip relatively, t!un
it is a reverse fault. The width of the fault zcne varies frem 5 to 8
feet, and the slickensided walls are separated by a hreccia of andesits
blocks in a matrixz of blue and yellowlsh clay. Most of the fragzents
nave been softened by weathering. Considerations of attitude indicate
that this fault is alao relatad to ths northeast-trending set of zaster

joints.
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Although in a éeologic sense these faults are not old, being
probably late Miocens or post-Miocmne in age, thers is no evidence of
movement during Recent geclogic time, or even since the latsst epoch of
uplifs and rejuvenation. If such moverents had taken place ono‘waﬂd
expect to [ind same evidences in the ungraded character of the siream,
for the throw of the northeast-trending faults is sufficient to produce
a waterfall where they cross the river. fHsnce, in evaluating ths prcba- ’
bilitias of future activity along these faults it seems sze to conclude
that the antecedsnt conditions that culminated in their movement no longer
exist, and that they are inactive. Howsver, immmnity from future move-
ment cannct be guaranteed foran:;rrault. _ - ‘

Crouni-water corditions

| Surface iniicat.ions of gromd water are negligible, acd ars confined

;.o t-fw small seeps and springs that for the most part are seasonal.
Probably most of the fluid movememt is rivervard along the shallow centact
between the overburden and the bedrock surfsces o |

| There 1s cne series of springs that may be of more camplex crigin.
Mm seeps of water cccur alcng tae rigi‘xt bank. at the top of the
rock bench in the vicinity of B.M. 431, and are thought to mark either
the pervious horizon ai the top of the luwer major {low unii or the thin

gone of vesicular eni azglomeratic lavas irmediately above it, In a
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preceding paragraph it was shown that the average dip of the flows is
15%, S. 13° W, 1f tais dip is projat;ted northward frem the spring zmme -
ituinbefmxﬁtocmtnmghtheaomﬁmkofthgwaiwlava
ridge that separatss the preglacial ard postglacial vallays of Cowdits
?.ivar: and emerge upca ths bevellad top under a fairly heavy cover of
outwash gravele. (3Jee J=v?, figuwre 1l.) ﬁemtridgetcphuaali@t
incliration toward taa souti, ani water percalating throuzn tas gravels
zay entar the permsabla zone, whare its progress to ihe open vallay will
be accelsrated by reason of the staepersradiem;. This hydraulic system
is admitta&.ly conjectural, but it is well within the rsalm of possibility
because each separsta physical element can be shown to exist. Ever nore
significant 18 the faci that i% is a reversible systam. Ilernce if water
ever raised over the seeprs to altitwuds 640 or hizher, springs zay appear
urder the capping of ocutwasnh gravoi. The consequences of this svent are
ccnsidered briefly in the descrirticn of the rizht abutment in ths dise
cussicn of the Dam Sectiom. Fortunstely, the situation lends itself to
renedial measures, {or the outerop of the permabloameprobailycmbe
gmztadbrblmketéa for such a distancs upstresm fram the prospective
dam axls as to prevent entrance of water té it. 4.
Tears ago a sulpmar smwing was reportad on the left bank of the
river about 1,070 feet west and 620 feet north of the acutheast corner
of secticn 8, The water flowed from an open Joint, near a basalt diks,
at a rate of about 10 gallens per minute. This lccality is about 1,400
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feet upstreem fram the jrospective dam axie, and is believed to
represent a deep, non-rsversibis system, and therefors of no potential
Jangsr.

A .. Permeabllity = ' o

The consideraticns of permeability cutlined hers concern bedrock
only. Possibilities of percolatiom through glacial deposits are
censidered wnder the heading of Laakage fram the reservcir. 7The mily
features of tho-lsva that have ary capacity to tranamit water ares
(1) contacts bctmen the major extrusive wnits, (2) zones of cellular
lava just balat such cantacts, (3) Joints, ard (4) dikes. )

Owdng to the thicimess afthemjarmmsivalanmita flmr‘
ccntacts showing weathering, ercsion, or thermal mt.amrmiaa of
‘acoumlsted scil are few, but they are permesble. The probabilities are
that there are only 2 or 3 such contacts in the right bank, and 3 or 4
in the left bank. However, they are amenable to grouting, as are the
celinlar gsones that usually underlie t.a;n. o

Scme percolation may also occur along the Ms; As explained in
the descripticn of thess features, they are spaced fairly closely in the
andesitic facies of the lava, but these masses m usually thin, of
small volume and mors or less enclosed in the andesite-vitrophyre-
agglomerate, Jaints in this facies ars usually wilsly spaced. Mary,
especially these trending northeast, have been sealed by the development
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of gouge clay, bub others, such as the Ioung's Creek faulit give eviderce
of fluid movament. Ths thirner cracks zay be self-sealibg to scme axtent
due to the tandency of the zlass to swell upon contact with moistues,
flence, although certain parts of each composile flow ars pernsabls, ths
units as a whole are rslatively impervious. Indeed, insofar as percola-
tion tharough jointa ia concerned, the ccefficiant of permeadility is so
low that it is difficult to Mmh. In oy opimion, based upon cocopariscn
with lavas for whish coefficisnts havs teen given, X is probably of the
arder of}xla‘s i‘eétpersoccad. |
Aside from the major {low contacts, the most psrmeabla features of
ths bedrock are the dikes, especially the larger, wiisr ocnes. Althcugh
few in mumcer at the dam aits, they ars controlled by ths northwest set
of master joints, and thus, stricing nmore or less normal to the axls of

_the prospective dam, lead dirsctly from the reservoir Into the cpen valley

downstrsam. Thair permeability appsars to be largely a function of their

Jointing, which is columnar (squars or rectangular), amd cl:ael}/spacad.
‘ A

Csually cno lateral or medial jeodnt i3 also present., Willlams ncted

_I*E/ Cpe cite Ju}y, 1923,

sone water vhen drilling the Big Dike., Ths walls of the dikss, however,
ars tight and fused into their wall rocke All of them can be rerdersd
impearvicus by simple pressure grouting.
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In sumary: the main body of bedrock is very impervicus to
seepage. Its permeabls features, the major contacts, sanes of
nsictdu;lan;aaddika~mfswinmnbornaiunbtmoimﬂi-
ouby;rmuroarouing Smnthm@xhdrockmﬂerorm;
mum.aneamldb-otmalisiblemmmmmgmu
contraol.

The most econcmical section at Xossy Rock dam site i.z illustratad
by cross-section J-J?, figure 1ll. Conditicns are essentlally similar
for 100 feet downsiream and 200 feet upstrsam. Topogsraphy aprears ’ta
permit a dam to be raised to altituls 700, and a structurs to this
elovation was considersd in Williams' reports to Re D. Thomas for the
Backus-Brooks Company. The highest structure contemplated in ths Corps-
of Engineers report is to 480 feet. Such a dam would stand 350 faet
above fowndation. These considerations have been dmlopad frm the
hedght ani strength of the left abutment. However, investigsticn of
the right abutment favers limiting the height of pool level to altittﬁa
620 feet. A dam to this elevation would m@tmmrwm.
Width of open valley is near 590 feet, ami length of crest for a full
gravity section would be about 610 feet. This additicnal distance is
largely t.hmxgh a thin, slumped auparﬁciai cover of cutwash gravel.
Cross-secticn of the open valley below altituds 620 is about 72,800 square
feet, and the total cross-eecticnal area of ths valley is about 77,600
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squars fset. The difference of 4,500 squars feet nay be clasaified
aaB,ZCanuarsfmofmxedanﬂa.rdtam,l,zooaquaet‘of
watsr, and about 400 aquare foet of active alluvium. The vallay at
thls secticn is therefare remarkably frse fram fill.
inacfarasswfmgeologicobmﬁm axtend, the foundation
or gorge secticn appears to be cut entirsly in tae lower camposits
flow unit, and approxizataly 100 fest of rock of the same [low underiles
the bottcm of the river bed, - There is thus good cantimulty of structare
through the tmxﬁ&im,anﬁeaﬁiﬁmmmmyﬁmph. The
hmhmAmlammeamnmﬁwmﬂm,anﬁthdr
homogeneity argues for small possibility of downstream ercsicn, sliding
cr other foundaticn éefect.s.
Actually, the cnly gsologically weak elament in the site i the
" thin,pawhlaysrwnaicﬂa;sndagglwaﬁchmtmmm
the basal unit. This bed appears to thin rapldly southward, and it may
wedgs out completely in the left abutment., Littls or nothing is added
to the strength of the fourdation by ths basali dikes, but so tightly »
_are they fused into the wall rock that they do not detract frem it either.
They are harder and more brittls than the enclosing rock, and more closely |
Jointed. iHence they ars permsabls eieaents, but thelr small size makes
this easily remediable by srouting. Two small faulis are spaced about
equally from the river on sither bank, Dips are nsarly vertical, offsets
are scmall, and ths displacement does not materially alter the lithalogy
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of the foundations The Young's Creek fault 1s permeabls and will requirs

~ grouting. Emmmummummaigmhm-

ward into the laft abutment, the small diks also moves soutinmrd toward
the channel, andtbo!amg"a&nkfmltmmrtinudupm,right
abutment. The Indian Creek fault is about 1,300 feet south in the leit
abutnent. As explained previously, the antecwient conditicns for these
fmumlmedn,mummwumummm
present 1ines, the block bstween them would be tilted alightly to the scuthe
The bearing power of the abutments is appraxizately equal, bt the
left is considared to be samewhat sironger than the right because of the
inward dip of the beds, the grester number of thick, massive flowx;:i‘.;s,
uﬂtbowob&blolmdngo&ofthothinmofpemblcmmia‘

» 80 conspicucus in the right abutment. This unit separates two massive

elsments, and all dip into the valley. As explained in the diascussion
on ground water, if water is impounded in the valley by a dam, it will
bocmutmtadtopoolmal,muuwuuiadtoalﬁtméw.
springs might erupt under the ocutwash gravels and cause slides into the
valley and possibly cato the dam. The laft abutment is also higher, its
sumit standing approximstely at altituds 700, whereas rock in the right
abutment probably does not stand much higher than altitude 640, '

In order to utilize the full elevation of the left abutment, it
wuldbeneccauryt.om}macuhoffwall.solcngand;andeep,anixdth-'
out anchorage in the poorly consolidated outwash gravels, that it would
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constitute a separate prroject in itsels, and its foasibility merita very
sericus consideraticne Cbvicualy such a fsaturs would develop very
unequal bearing power btetween the upper parts of the two abutzents.
m-mmmawa«mwmm.mw
tion might also be memaced by the possibility of reversal of flow through
ths permeable lava bed, 23 cutlined above.

Anctaer group of conditicns to be weighed before considering such an
Mi&@m?&fmwm&mt@dmﬁm |
abutzent, Just northwest of the 67C0-foct knob in the N4 carmer of the
SZ} 92k see. 8, explorsticn nas revealsd a saddls with bedrock at altitude
600 fsat or loss in the lava ridge sepsrating the active river gorge Iram
the fillad preglacial vallay. Bmmcwﬁnmotse?mthmghthis

 gap 19 academic for water heading .against the fill of the preglacial vallsy

in ths albow in the N3 carmer of the MWk SZE sec. 8, would have an equal .
or betier opportuniiy to by-pass the narth extremity of any feasible cut~
off wall over the top of the Tignt abuiment. |
Fort.haureasma,thoﬂtitndacfpocllenlmammdadinthis
roport is 420 feet. Eﬁwacwrmnmmrmlmgmthcwpof
the right abutment it could go to altiiuds 640, az a zaxizum. Construction
to higher elavations faces the contingencles emmerated in the preceding

raragraphs.
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At altituds 700 thes surface of the Mossy Rock reservoir will cover
8,650 acres, or about 13.5 square milss, and the capacity will be about
976,000 acre-feet; but at the 620-foot pool level thus far favored in
mmmmnmwus.m»us,wme.laq&mm,
and the capacity to 416,000 acre-fest. The differsuce in capacity

50/ Johnsan, Arthur. Ope ¢ite pe 10.

between the 620 and 700-foot levels is thus about 134 percent of the

volums below 620. This is a seriocus reduction, and an important reascn
for striving to develop a pool lsvel as high as possibls above altitude
620. Backwater from a dam to the 620 level would extend upvallsy for

< 1543 miles or to mile 78.7 con the river in the KE} sec. 6, T. 11 N.,

Re 5 B., and that at the 700-foot level would continue on for 5.25 miles
to mile 83.95 in the southwest corner of sec. 34, T 12 Ney Re 5 Bs

This locality is near the villags of Xcamos, andmlyabon&.sxzuog
downvalley fran Cowlits Falls dam site. o

Geclogy. -~ Comparatively little 1s known about the geclogy of this

basin, but mmiu&m along the river up to the Riffe bridge near
mile 69, sec. 13, T. 12 N., Re 3 2., indicates that to this point condi-
ummmmemuunmmsam-mma.r Bedrockcmaiata
of the same thick series of basic andesitic lavas that have been referred
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provisicnally to the lower part of the Keechelus seriss, and ihese flows
are cut by thin dikss of baaic andssite and basalt. Ths famations dip
tomsmmsmazmmwu,wm-mmm
patitern probably prevails over xmosd of the area. It i3 intaresting to
nms,'hm,twmmlmpnotwwwmm
controllad by the northwest-trending set of nmastsr jodaoba, but that
toward the sast end of the basin, as at Cowlitsz Falls, they are contralled
by the nortiasast set.

These formations ars overlain uneonformably by Mam deapoaits

censisting of till or bouldsr-clay, glacio-lacustrins silt and cutwash

gravels, that may be of considerable thiciness, ard by the active alluvium
in ths river bed.

Leakazs frcm the reservolir, - The chiaf g=dlogic f2ature of this

. Teservoir 13 the preglacial valley of Cowlita River, figures 2, 10, 11,

axd 13, Inasmuch as it by-rasses Dumm Carnyon ard Mossy 2ock dam site to
the north, thsproblanazd.singfmthisrslatim&ip'ismethucrmt
it will provide an cuitlst for water from the reserveoir. Irxieed,\mil
asamscmbcgimmturimlaakngafrmthemamﬁn,ﬁnt e
cceur, tae gorge in Dumn Canyn cannot rightfully bs considersd ss &\,
dam site. ' | \
A scoewhat generalizad cross—section of the buried valley is shown k
/

on figurs 10, I-I's The width at altitude 550, the top of the buried /

ridge maling the lest bark, is about 24,500 fset, axd the derth frem this

-
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level to bedrock is about 475 feet. The maximm depth of rill, as
rcveahdhvdﬁllhalel?,ﬂgm'em;w and figure 12, is 557 feet,
mnm-mwmmummm@mnmmam
cmmmdntmw.mrmmmwmm-
level does not enter into this discussione Crm-ucﬁimal'u'unt
the valley below altitwde 650, and therefars of the fill, amounts to
about 8,250,000 squars feet, and this may be broken down roughly into
3,125,000 square feet of 3ilt, with average swmmit level at 475 feet,
and 5,125,000 square fest of wndiffersntiated cutwash.
ml@dmmummm<m,m',fmm
the following measurements have been taken: it river level, 4,950 feet;
st altitwds 475, mu-ago for the top of the silt, 4,550 fest; at the
620 pocl level, 3,500 feet; and at the top of the 111, altitude 700,
3,300 foot. S
_ Its genaral characisr is representad typically by the accampanying
driller's log of drill hole 17: |
Log of Drill Hole Fo. 17

Iocation: 2,330 feet west and 1,200 feet south of Nd core
sec. 8. Te 12 ”:, Re 3 '.‘i., W.Ho, Lewis Countye.

Surface elevatian: 737 Gperator:s A, and M. Coe
Authority: N, C. Jannsen Collector: W. Warren
Datest 7-1-27
From ] Dhiciqress
Description £t. In. IYe In. . ite Ine
Soil, boulders and gravel 0 12 12
Gravel ard boulders mixsd with clay 12 37 25 '
Boulders 37 39 6 2 2
2

Hard psn 39 6 W2
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M. sand and bb\\l:lm,
locss, takes all water
Boulders, loces :
Sard, gravel and bouldors,
loose; takes water awvay
Boulders and sand, loocse

" Sand, csmented
Boulders, and sand, loose

?
Sand, blus, mixed with clay
Sard, and clay
Sand, gravel and boulders
Sand, black, running
Sand, andi gravel, blue, locse
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v
- From To . Ihiciness
Descriztion FLe In. Ft. In. fto In.
Bouldm and graval, lccse L 424 3
Sind axd gravel 42, 425 1l
Boulders 425 44 2
Sard axd clay v W27 - 453 26
Clay, blus, scme "shale" (si1t?) 453 459 16
Sand, loose 469 471 2
Gravel, ccarse v S a7 6 3 6
and sand 47, 6 40 5 é
Clay ard sard 480 488 6
Gravel 486 439 3
Clay, and loose "shale® (silt) 489 450 1
Sand, and quicksand 450 502 6 12 é
Gravel, and sand, loocse 5R 6 506 6 4
Sard, locse 506 6 513 6 6
Cravel 513 SU, 6 1 6
Sand, loose 51h 6 532 17 6
Boulders , 532 535 -3
Sand, black, loose 535 539 [
Boulders, locse 539 T840 1
Sand, black and gravel, fine 540 545 é ,
Sard, loose . 546 549 3
Saxxl and scme clay 549 . 554 5
Sard axdi boulders, locse, of
"Eccene® basic flcws 554 557 . 3
_ Roclk, black 557 566 9
' Rock, black and gray 566 582 15
Rock, black, gray ard brown. 5682 585 3
Water want down 75 feet from
. the top; you can hear the
water ruming, Can't keep
- water in well,

Total depth ~ 585

Exarination of this log reveals three formations: glacial cutwash;
glacic-lacustrine silt, and andesites of the Keechelus forzation as bedrock,
in crder as drilled. Bedrock was topped at a depth of 557 feet, and was
penstrated for 31 fest to the total dopth of the hols at 585 fset. It has
boen. described in comnecticn with the dam site, ardi further reference to



its lithology is unnecsssary here. That it was fourd to ba dry is
significant svidsnce of the effectivemess of the silt aa an impermeails
blankst, Ths highly permeabls zons drilled fram 582 to 585 fzet, whers
75 feet of head of drilling water was lost and could not be regained,
is provably a scordacecus flow comtact. . .
Hlue-gray silt assigned to the Shut-In daposits of the (lder drift
s drillsd from 294 to 532 fast, or for 238 feet, ard the interbedded
boulders and gravels, sspecially the pebbls clays, are rrobably of
glacial or fluvieglacial orizin. Ths 25 fset of boulders and sand,
from 532 to 557 fest, may also be of glacial origzin. Tae top of the
8ilt has been logged at a depth of 200 faed, btut interprstation of.
regsistivity dspth curves indicates homogenecus material of low resis-
tivity, the charactaristics of the silt, only btelow the dapth of 294
. feste 3Zoth resistiviiy ard lithology have been used in picking this
point.
‘ Besidas being encountersd in this borehole, the silt formation
erops out canspicucusly along tfm river banks (see figs. 2 ard 10)
where the strsam has removed its overburden. Resemblance to the
Faber silt cn the Skagit River in northwestern Washingten is very

A 51/ :
striking and both formations wers evidently accumulated in a similar

51/ Prelirminary report on the gsology of miscellanecus dam sites
ocn the 3kagit iver nsar Rockpert, the Sauk River below ths mouth of
the Suiattle, and ths Sauk-Stillazuamish divide near Darrington, Skaglit,
and Snonemian Cownties, dashington. Report in preparation.

181
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enviramente This is interpreted as a ponded river basin intc which nelt
vater fram abrading Cascade glaciers carried their rock flour. Bedding is
mainly horizontal, and cansists of laminas and layers up to 2 inches thick
colu‘:mdiamtm, Clay or fine ailt, cammonly dark dus to
retained modsture, at the base of & layer grades upward into sandy silt -
and sand at the top. 4 mechanical analysis of a representative specirzen
mmwz.%mmmm;mmmmm;mom-
xm,mw.%mmmmzmmkﬁm. The particles are
freash, m.mgmmma of Tertiary and Quaternary volcanic rocks.
Although sufficiently firm and ccmpact to stand in nearly vertical .walls
shen beilng ercded ;-a;;adly. and to develcp sharp, persistent joints and
anall faults when stressed, dry lumps of &llt slough rapidly in water.
Flasticity 18 low, and the total clay content is cbvicusly lows Scme

lxyers of fine silt carry calcarsous concretions of varying shapes and

hupan.llaltothebedd‘.ng. The largsst observed wers of circular cross-
mtim,Zimhesmmalnmzfmlm;_c&wrsmﬂat.m
oval. | | |

In scme places the bedding of the silt shows evidence of disturbance,
and lecal dipe vary from 5 to 15 degrees. meeecctriitibnswhave
resulted from several causes: initial dip an the walls of the buried
valley, subaqucausalﬁn;d.ng, or possibly to secmdary causes such as -
slunping dus to wdercutiing by the river or to entrairment of material
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A\ Ve

or piping by srournd-wataer movement. . Cne localliy where thelast-mtimﬁ
causa nay havs operated is the creeik vallay in the IIZ cormer of sec. 7,
arsd the NW corrner of sec. 8. Thae gradlent 13 much steeper on the ailb
t."aancn.tha overlying ocutwash, and the oeds dip 5t010degrws’dmatram.
¥pr, Warren thought this dsformation suggested that a strong {low of grounde
water might Lave been ercding aili {om the base of the formation, and that
emﬂmtnwutiw,mheadcfmmwwmmmmw
reactivate the flow. |

52/
Wlliems made several porosity and permsapility tests upon this ailt.

5_2/ Ope cite Jam:&ry, 19%. Tabla 7.

Sample J wa3 taksn from the mouth of Dum Creek in the W cormer of sece 7

*“at altitude 320. The natural pm';:aity was fourd to be 43.3 percent, and
‘the same raterial in a permesmeter gave a value of 49.4 percant. K, the

ccefficient of permeabiliiy, was 13 x :LC)'6

Kvalmforallofthaailtis\gimasleo'l’fmparsecend. Because

foet per secord. The sverags

of ita {ins grain, ard retemtion of nolature the aprarert resistivity
values of»the sil? are low, ths ordinary range bdng frem 7,000 to l‘i,GCO
chms/en®. Sanstimes even lower valuss occure This is also the apmroximate
range of the resistivity of ths andssits bedrock, and the similarity is
strengthened because of the igneous derivation of the silt. Recause of
this lack of contrast in resistivily tetween the two formations, they are
very difficult to separats, end thick badies of silt produce a screeming

" @ffect that makes it virtually iopoasibls to recognize the bedrock,
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Fluvicglacial cutwash of the Yourger drift is a widely prevalent
surface formaticn in the dam site a.ret and on Dunn Flat, u.i'mu it
zakes the bulk of the f£ill of the buried valley. Thickness changss
rapidly frou place to flace, and the 294 fest penstrated by drill
hole 17 i3 the greatest recorded thus far. Campositicn and thickness 4
af the individual wnits is likewise highly variable. Sheets of sand,
gravel, or bouldsrs are interlaced with beds of till and thin layers
of lacustrine clay and silt. It 1is doubtful if more than a few of
then are persistent for any great distance, dus to ths cut-and-{ill
action atitending their depcsition. Sorting within the beds is
generally poor. Much of the material is river ar terrace gravel re-
warksd by glacial ice. The larger cobbles ardd psbbles are stream-
worn with shapes varying from rounded to subrounded. ¥ost of them
have been derived from Tertiary and Quaternary igneous rocks. Very

' 1ittle coarse, angular material is present, and what there is probably

refresents rewcrked talus. Pumics and tuffacecus material frem the
Flelstocens valcanoes makes a good deal of the matrix, and locally -
there may be thin beds of volcanic ash. Color of the finer naterdal
is usually brownigh-buff. |

Williams investigated and logzged the ocutwash formaticn with con=

53/ Op. cit. Jamary, 1928.

sidsrable detail in his study of the MGeologic Conditions Beneath Dumn
Flat,” and the seriocus student of Hossy Rock dam sits should review tas
data he presents with cars. Numercus tests were made on ths porosity and
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permeability of the different faciss of the fill. Valuss of the co-

efficient of permeability, X, for the cutwash wers fournd to vary frem

-4

3x 10.“ feet per second to 6 x 10 feet per seccnd., The posaibility

ofpemolatimalmgthsuﬂlsortheb\:ﬁ.dnhay a3 wsil as' along
the contact bstwean the outwash and the silt wers also considersd.
After sumiing up all of the factors, he cancludess

"Judicious application of the results of the percolatiaon
tests to ths two formations (outwash and silt) that will be
exposed to prospective heads of watsr by storage against the
upstream side of this fill indicates a possible total loss by
seopage bensath Dunn Flat of a little over 9 acre~feet per year
under a flow-line elevation of 4685 feet. Under a flow-line
height of 650, the loss figures samewhat short of 7 acre-feet’

per Yyear," _
In cc:npu'iam"with the loss frcm tas reservoir by evaperation this

amount of seepage is negligible, and insofar as it represents pez-colatim

through the £i11, it is probably correct. In Erdmannts opinion, however,
it is only the smaller element of the toul posaible _leakage.

The greater slemsnt consists of direct leakage along the contact
between the outwash and the eili, § O Q, figure 10, 5-1'. This boundary
1s an erosicoal unconformity with considerable local relief and irregular-
ity; ard it is the only continucus fsature throuéh the f£i11, Springs and
seeps ars of ccomon ucMo along it wherever it is exposed in the
river valley., Usually they are small and seascnal, for their water supply
is dependent on meteoric water fram the overlying ocutwash. Nevertheless,
they demonstrate effectively the permeability of this zene. The westerly
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s3rings now functioning along the contacte Hence, .0 P will be de=-
flacted to H 0 Qe Since § Q is cssentially an opren conduit, the resistance
to f3ow at 0 1s but litile more than at Q, ard as the line of saturatim
shifts down as it passes from a 12sa permeabls to a more Dermeabls medim,
the net result wll be for ¢ to move toward U, as at C', thus steepening
the gradisnt within the fill to H C'. Parcalation through the segment
of outwash ¥ ¥ C' will thersfors be accelerated. This ia the portiom of
ths soepage whose evaluation was attempted by Willlams, and it 1s coviocus .
that it 13 an addition to that flowing directly along the comtact fram
N to Qe Conditicns along this conduit are difficult to svalusts, but it
can probably be treated a3 a harizental crack. It also appears that the
contact H O' is analogous to a graded filtar in an earta dam, for its
effact 13 to keep the line of saturation deeper within the 7111, thus
increasing its staoility. -

Now, all of this is very diazrammatic axd hypothetical, and is
intended for illustrative purposes only, but it suggests that the mroblem
ol leakage from the prospective Hossy dock reservolr may be more invalved

~ and more sericus than was imagined haretofore. IEngineers will want to

review the entirs problem thoroughly in the lizht of reviszed geologic
oxinicn as to the charactsr of the cantact between ths cutwash ard the
silt, arxd recent advances in soil mechanics amd thaery of 3scepage phencrena.
Sufficient information is probably available now to make a rmodel of the
buried valley beneath Dunm Flat and, treating the f111 as a natural esarth
dan, its percalation roblems should be investizated by the methed of
electrical analogy.
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Fortunately, the necessary measures to reduce the probability of
scepags throush the {111 are nct difficunlt although they may be expsnaive
because of the size of the area to be treated. Eriefly, the east face
of‘t‘hafﬂlahouldbotmuthwghiz,mﬁ:aumtmefan
earth’dam, The upstresm face of the fill in the N&} sec. 8 should be
cut down until a stable slops is developed, and the contact betwesn the
cutwash and the silt exposed. 7his surface must then be blanketed wdth -
such a thicimess of clay or asilt that seepage will be prevented effec-
tively. Ihabhnkdaﬁmmfmdthodopwthmberlp-‘
rappsd with blocks of andesite to haold the fill in place, and to prevent
wave ercelon, A short cutoff through the north side of ths f1ll to the
old valley wall will reducs considerably the area to be excavatad,

mamnrnnduredmpam@mmwmagmmrwm

, up to altitude 640, the maximm height of bedrock in the right abutment.
Por dams of greater height, the bearing power of the upper right abutment

1s weak and wnbalanced, Such a strusture would requirs a long, deep cut~
off wall ver the right abutment, blanketing the entirs upstrsem face of
the £111, and such cther additicnal safsty measures that the project would
probahly be econcmically unfeasible. Same of thess considersticns have
been referred to in ths description of tae dam site under the headings of '
Grmmmtar and Dam sectione
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Sumary and conclusions

Provided effactive measures be -taken to revent seepage through
the burisd mreglacial vallay of Cowlitz River north of the right abut-
rant,, Mosay Rock dam eite is feasibls for a mescnry dam with pool level
atalgituicém. .

The problam of leakage from Hoesy fock reservair is probanly oore
soricus ard mors involved than haretofors imagined, and i2 saoculd be
MMW&W%&MWW”%W
effectimaftb&psm&blacmmimmanddlt
£411ing the buried valley as a condult for leakage. Remedial measures
to mevent this seepages ahould coansist of treating the cast facs of: the
fﬂlasthm@itméatheupstmrmormemdm.

A masary dam in the gorge sectiam will stard about 250 feet above
fouwxation, and have a crest length of about 610 feet. Starsge capacity
at this elavaticn will te about 415,400 acre-foet. Further exploration
of the right abutzent may imilcate the feasibility of a poal level at
altitude 540, and this appsars to be the maxizim posaible faor the site.
Storage at this level amounts to 531,000 acre-feet, or about half of the
potantial capasity of the reservoir site. '
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SHUT-IN DA SITE

Location
The propesed site is in Shut-In Caryon on the Cowlits Hiver
at zile 65.5, neasured from the mouth. The special dam site map

A ]

_ Flan and profile of Cowlita River, miles 42 to mils 97,
Cispus River to mile 32, and Tilton River to mile 19, Washingtonm,
sheet 7, dam sites.

covers an area of aboul 271.5 acres in the Sz sec. 9, and the

SHASWE sece 10, Te 12 He, e 3 Ee, Wals, Lewia County, Hashington,
and 18 cn a scale of 1:4,800 (1 inch equala 400 feet), with 10-foot
cantour intervals on land and l-foot contowr intervals on the riv?r
surface. This mﬁ was used as a tass for the accmg geologic
map, figure 13, but for the sake of clarity, cnly the 50-foot contours
are shown. The map was exterxied along its southern border to include

‘parts of the h‘“& sec, 15 ard the E'E‘.l, 8eCe 16’ Te 12 :’0, Re 3 E', Hellay

in which are located drill holes, resistivity lines, and seiamic

~

determinations,

Accessibility 7
The left or south abutment is about l.35 miles north and alizhtly
east of the village of Ajlune. From a8 polnt on State Highway No. 5
about 0.2 miles east of AJlune, cne can drive nortiward O.,7 nmiles
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over a gravelsd roed to within 0.85 milas of ths dam sita. The
easisst approach to ths right or north abutmsnt is cver a logging
rcad that extends from its junciion with State Highmay ¥o. 5L (Riffa
to Horton) for about 3 miles dommsiream to the general vicinity of
the dam ﬁta. Personnel can cross the Coxlitz River nsar the da=m
sita on a cable car ccnstructed by the Light Divisica of the City ef
Tacoms Department of fublic Utilitiss. | o

" state Higlmay No. 5 extends through the reservoir area. From
Piffa to Yeaika, 6.15 ziles upstreas, tha road liss oa the south side
of the rivar, and above Jesika on the north side. The river can be

crossed 0.8 miles morth of 3iffa on idghmay Ho. 5L and at Hesila.

Purpose of project
sater power devslopment and storage for flood control are the
frimary pu:;poaes for a dam st thias ‘sita. Crizinally, ir. Arthaor
Johnson, hydranlic enginser, U. S. Geological Survey, selectsed

Shut-In 3its as an alternate for Hdossyrock site, when'de.tailad field

work revealad certain defects in it.

#ater available for this site is the saze as for iossyroek site,

ghich i3 only two miles dowmstiream. Mo tributaries of any size Jjoin

the river in tnls stretchn,

18
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_Fleld work
 ¥r. C. E. :rdnm, reglonal geologist of the U. S. Ceologieal

Survey, accompanied by Yr. Arthur Johnson, made a geologic reconnais- .

sance of the site ipril 11, 12, and 13, 1942.

Epdzamn, C. E., Eeport on geologic reconnaissance of Shut-In

dam site, Cowlitz River, Lais County, idashington, U. S. Geologic:l

. 'Sm"rcy, unpublished report, Hay 19A2.

Geophyd.eal investigations were carried on during August 19543,

under the supervision of ir. B. 5. Jones, | Chief, Aater and Power

Branch, U. S. Geological Survey, at the dam site and on either atut~ -

ment whers the -xistmcc of older buried stresm chaxmcls was suse
peqt-d. aleetrical resistivity dspth determinetions wers udc by
kr. Jonss and Mr, H. C. Spleer. Refraction seismograch deurmjm-
tions were made by dr. 3. R. Shepard of the Bureau of Public Roads.

Jores, B. . ,.., Report on ge=ophysical msasurements, Cowlitz
River;, iashington, U. J. Geolog*.cal Jurvey, unpublished report, 4
August 1943. ‘

Purther zeologic field work was done by ¥rJ F. 4. icillin.

Detailed geologic mapping of the dam site was done by A.-F. Datemn,

Jre, Soptember 2 to Cctober 11, 1346, and eptember 19 to Cctober 2,
1947.  “xaminstion of samples from drill holes was made by Sateman,
April 19 to 23, 1948 and iugust 3 and 4, 1948.
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Catchzent arsa
Since no tribuiary streams discharze an appma flow into
the Cowlits River between Shut-In and Hossyrock dam sites, ths drain-
age basin 1: the sana for each. It has an area of about 1,170 square
milea,

daxinmum reported discharges&/at Earmony Bridge, one mile north

53/ Johmson, Arthur, Cp. cit., Cctober 1540.

of Xossyrock village, was 81,000 second-fset, December 22, 1933.
Average dischargs over a fourteen year period is 5,142 second-feet.
» Stream gradients
Average gradient of the Cowliiz River tirocugh the stretch shom
on the special daa site map, figure 13, is 21.5 feet per mile. Tre
1,000 f2et izmediately upstream Irom thae proposed dam axis has a

\ gradient of 27.2 fesct per mile. The gradient of the Cowlitz River

through Shut-In Canyon is higher than through any other streich
between Cowlitz Falls, mile 88:7, and the lo-er lizmit of the river-
suery, adle 42.5, approximately 10.7 milss downstreaa from ayfield.’
In the reservoir area, the stream gradiemt ia 14.7 feat per mile to

a point 18.2 miles aboye the proposed daa axis at which the water

surfzce in the river is at an altitude of 700 fset, and 15.0 feet



per miles 2o a point 20.5 milss above the cropoasd dam’axls zhare the
watar surface ia at an altitude of 7L0 Iset.

Valley profils
N .
Shut~In Canyor is a narrow, v-shaped trough about 1) miles long
that lies within tie aain Cowlita valley. (3ae plate II.) Five cross

"~ profiles of this inner trough are snown on figure li. As tan be seea

from tham, the Cowlitz Siver f{lows on glacial debris about 200 feet
above the rocx floor of a buried gorze mhcse cross section is composite

 in charactar. A detailsd profils as outlined oy drill holes, fizure 15,

shows that this gorge consistis of a U-shaped vallay aboul 300 feet wlde
with its floor at an altiltude of 355 feet, into which i3 cut a saaller
U-shaped valley about 175 feet wide with rocik bottom at an altitude-

" of 220 feet. Ramains of the floor of ihs larger valley foram a distinct

mck bench on the rizht »3ll of the smallar one (see figure 15).

’Ihe salls of the trough extend upward f{roa river leval at stocb
angles, especially on the leit bank at the lmad of tha canyon whers
there are several vertical rocik cliffs. Hock also crops cut onm the-
right bank in the upper part of the canyon, but through the downstream
‘:;no-t.hird: of the canyvon roci exposures are few, and the walls are
largely urnderlain by £111 naterials. The steep sloves of the walls
are interrupted by several benches cut into the glacial deposits.
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The lowest of thess, ‘designated as So. 8 on page 36, 1s purtiwlnrly
well developed on the left bank opposite the mouth of Corn Creek at
altitudes varying from 510 fest next to the river to 550 feet on its
inner margin. This 1s 100 to 140 feet above the river. Ozlx the right
bank, this bench is present in the vicinity of the line between Qecﬁona
9 and 10 at altitudes froa 475 to 520 feet. Farther domnstream, slope-
wash and alluvial cones heve built the surface to altitudes of from
50 to 550 feet. This bench is cut into outm grav_als of the Young;r
drift except for a smll area on the right bank at the head of thc
canyon whare it has bevelled bedrock. A narrow bench, No. 5 page 36,
varying in altitude from 750 feet on its river side to 800 feet o:?%.ta

valley sids, is cut into glacial sediments asbout 20 feet below the £i11

surface on the right bank throughout most of the length of the dam site.

At its upper end in 572 sec. 10, this bench bevels a smll area of
bedrock. On the left bank of the river, bench Fo. 5 covers most of the
SEf see. 9 where Vit. is cut into outwash sravels of the Younger drift.

The right bank continues to rise at a steep angls. it an alt;tuda '
of 1,180 feet near the line between sections 9 and 10, a small rock~cut

bench remant, Fo. 2 page 34, is indented. A high bench, No. 1 page
32, covers large areas in the scuthern parts of sections 3 and 4, the
extreme northeast corner of section 9, and the northern half of section
10, at altitudes ranging from 1,390 to 1,410 feet. Behind this broed

13



bench the vallay wall rises to the top of an elongats.ridze at an
altitude of about 2,3C0O feet that separates the Cowlitz and Tilton
drainsge systexs.

South of the river, Sench lo. 5 merges gradually with the broad
rollinz £111 surface (see page X) which covers most of the dam site
area behind the right atutment aﬁ altitudes ranging from 760 to 800
feet. At the upstream edgs of the dam siis ares, an slongated, southe
ward-trending, morainal ridge projects above ita surface to an alti-
tude of 880 feet. dJust doanstream from the dam site is another siailar
and parallel morainal ridge. |

The fill surface extends southward beyond the dam site area to'
the left margin of tbﬁ vallay wall. A steep slope separates it from
several szall bemnch remnanta at an altitude of approximately 1,000 R

- feet in S3S3 sec. 21, T. 12 ¥., Be 3 Zey Uolls Steep 3lopes rise from

these benches to the summit of a ridze approxizately 1,400 to 1,500

Teet 1n haight that separates the Cowlitz valley from Ydnston Creek

Behind the laft abubmsent of Lhe dsa site, a burisd chammel = .
extends through secticns 15 and 15 on a nartiwest trending course,
and enters thbe preglecial valley in 5% section 9. The course of this
chamnel is sketched on figure 2, and its relationship to Shut=In -
Canyon is shown on cross section P-?l‘, fizurs 14. An enlargsd cross

" section as ocutlined by drill holes, figurs 15, shows a bread, rather

18
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shallow vallay approximataly 1,700 feet wide at an altitude of 700
foet and about 235 feet deep. Altitude of the bedrock floor in the

despest part is 538 feet,

Apperent posaible height of dam o

The mxdmua haizht of dam in Shut-In Canyon is controlled topo~
graphically by the altitude of the divide in ShSW see. 15, T. 12 n'.,'
R. 3.E., WU This divide separstes the reservoir ares from a broad,
shallow topographic deprossion that is the surface expression of the
buried channel extending northwestward through sections 15 and 16.
It is drained by a small creek that enters the Cowlits River in the
5% of section 9 about i..soo fect domstreaaz froa t.h; mouth of Corn
Creek. Altitude of ihs divide is approximtely 775 fest.. A dam in - -

‘ShuteIn Canyon wdth crest at this altitude would stand apwoximately

355 feet above streaz bed.

-

Character and depth of valley £111

Unconsolidsted. glacial and postglacial deposits cover most of the

dam site ares. Their classification and areal distribution are shown
o:i figure 13, and their t.hickneaaeg and relationships to bedrock and

to ths present valley are shomn on the croas secticns of fizure 1.

197
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Clder drift. ~ Shut-In glacial deposiis £ill the. preglacial
gorge in the botica of chut~In Canyon. They also crop cul. in the stream. ‘
bed, along both banks, and along the walls of the imer trough to alti-
tudes as high as 625 fest. From examiration of churn. drill samples, it :
1s belleved that thess deposits alio fi11 the buried chacmel behind the
left abutment. |

Character of ths Shut-In depoaits. varios eomidaubly At
 tha head of Stut-In Canyon approximately 1,600 tse;z of tills mzem
with poorly stratified layers of pebble clays and sand clays, mnn '
laminated silts, and occasionel beds of cleen sand are expossd. The |
211t beds show mch intraformetional crumpling sad fanlting. (See gh.

V11, I, and XI.) The antire series dips castl_ard:at high angles, ex~ \\
copt in places where it s overturned slightly to the west. Bottomof
i~th;sm§s,ia' cut off by a small fault that can be semn on the right
bank about. 5 feet upstreas from cross seetion P-P¥. A dstailsd de-
scription of these beds is given in the measured aee&im,ﬂ‘pngo %s. | |
Only the lower 7.0 foet, of beds crop out within the daa site ares.
Fron ths fanlt dmmwmm bank for xﬁsunaot@ a
2,000 feet, Shut-In deposits are axposzed in a narrow, discontimucus ° )
band extending 15 to 20 feet above stresa lsvel. In this stretch they
consist of a thick gravel bed at thowp\mu-h;!.nintﬁznbya ttﬁnly
stratified bed of sandy silt at lesst 10 feet thick, a bed of coarse |
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gravel, a bed of coarse sand, and'ﬁmlhbvabodetqomegranl. '
Slo stratigraphic section could be measured, pinco au:poaﬁru are limited
in siz¢ and the beds are folded into a complicated au-ha of anticlines
and synclines. At the downstrean end of this exposed bend, till avere
lies thé gravels and sands. Froa this pointtothomthotC&nM,
axposures on toth banks ars =mall and scattered, mtchcmist;ftill.
Downstresa from the daa sits ares, Shut-In deposits can be traced om both
banks for about 3,000 fest. For this eatire distance, they consist of
horisontal to gantly dipping beds of sand with thin interbedded, often
cruxpled, silts, The sands vary froa clean to siliy, are thinly stnti-
fied and sometimes cross-bedded. In texture they vary troaeéarao to
fine, wat individual lazinae tend to be even-grained. (See pl. IX.)
Shut-In sedisents filling the buried channel behind the legt

\meiatpﬂmrﬂyofmd&dmﬂartothomapouddongm '

river downstream from Cora Creek. Cravels, pcbblo-cuya, silly clays,
;hd probably till, are interbedded with the sand. These deposits are
shomonthcealargedmsasecﬁonotthoebamd,ﬁéunlb. | »
Joungor drift. - Glacial deposits of t.ho Vounger drift over-_
e Shut-In deposits and bedrock unconformably. 'I'bsy are exposed over
large areas of the dam site, end includs several typsc of dcpoaits.
Light grayish-buff, compact, -mssive till occurs as layers
and small masscs interbedded mith ocutwash, Eehind the left bank on the
£i11 surfacs, both upsireaa and downstream margins of the dax sits arss



/994 PLATE XTIT

UNCONSOLIDATED FLUVIO-GLACIAL OGTWASH OF THE YOUNGER DRIFT,
IEFT BANK OF COWLITZ RIVER OPPOSITE MOUTH OF CORN CHEEK,
CENTER SEC. 9, Tel2 Ne, Re3 E.

Compact, horizontally stratified, poorly graded gravels and
coarse sands with boulders up to 12 inches in diameter.
Matrix sand is pumiceous. Contact with silts and pebble-
clays of the Shut-In Glacial Deposits is visible in middle
view at Mr,., Johnson'!s waistline, Photograpi by C.E.

Erdnann,
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are bounded by mminﬁ ridges composed largely of till (see fig. 13).
| By far the greatest pa\rt'of the Younzer drift is ocutwash
consist.& of compact, horizontally stratiﬁ‘ad, cross-bedded, poocrly
graded gravels and coarse sands, containing boulders up to 12 inches
1n dfaneter and occasional lenses of till. (See pl. IIIT.) Along the
right bank, the cutsash 1s exposed in a narrow band underlying bemeh
o. 8 at altitudes ranging from 430 to 500 feet. Thicknsss of this
deposit i3 estimeted to vary froa 20 to 4O feet. Patches of the cute
wash t00 amall to show an the geologic mnp vencer the left bank up-
strean {rom cross section 0=0!', Betwuen cross sections O0=0! and H—il‘
thelaftunotthaimctmughabonbodmckianadaupenumly
of ocutwash that ranges in altitude from 450 to 750 feet. OCreatest total

‘thicikneas at any poin’c is probably in the neighborhood of 100 feet.

Domnstrean from cross section i=i', the outwash underiies the left wmall
of the inner trouzh st altitndes from 430 to 500 feet, bench ¥o. 8,
bench Ho. 5, and the stesp slops separating the two benches. Haxizum
thickness of outwash probably apiwoaches 250 fest under bench Ho. 5o
Continuing scuthward, tbe shect of outmash covers the entire danm site
area between the corainal ridges and contimies to the main valley wall.
However, the gravels are considersbly thinner, varying from 15 to 45
fect in the drill holes penctrating zmetorials filling the buried
channel.
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VIEW UPSTREAM INTO SHUT-IN CANYON FRCM A POINT ON RIGHT
BANK 100 FEET UPSTREAM FROM CROS3 SECTICN M-M!,
FIGURE 13, NW#, SE+ SEC. 9, T.12 N., R.3 B.

Note large boulders along both banks. These boulders
were derived from a small landslide on the right
canyon wall. FPhotograph by A.F. Bateman, Jr.




~®

hrm on o o

Behind the left vallay wall much of the ground surface is
underlain by a zassive, mmnimtad, light yellowish~-brown, lean,
silty clay, the Cinebar silt loom, described on page 66 . It covers

bench surfaces from Fo. 8 bench to the fill surface and overlies the )

out=ash gravels of ths Younger drift. .
The walls of Shut-In Canyon ere largely covered by talus _‘

and slope wash, Jownslope from rock cutcrops are slightly active

sccumilations of talus estimsted to be from 5 to 25 feet thick. Over

zost of the area, howsver, the ground surface is covered with vegeta- |

tion, accumilated evergreen needles, and sodl that masks the under-
1ying deposits consisting of small joint blocks of rock mixed with

ground moraine. )
A small landslide at lemst 400 feet high, about 300 feet

2

xids and probably not more than 75 feet thick, hes moved down the

right bank of Shut-In Canyon pear crose section F=N'. (See fig. 13.)
The slids consists of an unsorted, heterogensous mass of glacial

B a2l
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deposits, slopewash, ari angular-blocks of roek varying in size from -
a few inches to zore than 15 feet. From the toe of the alide, down~

strean for a distance of about 1,400 feet, both banks of the river |
are covered with large, angular to slishtly rounded, boulders, scme
of s ich are as much as 4 to 5 cubic yards in volume. (See pl. XIV.)
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About 1,200 feet downstream Irem the slide alcng the east sidas of a
amall creek is a slumped block of glacial materials about 100 feet
leng and probably 20 to 30 faet thick. o

Inactive alluvium includes ssveral types of deposits::
{a) Unconsclidated zravels and sands very similar to active alluvium
except for its positicn; {b) Lcose, wnconsclidated, horizentally
stratified, fine sand that covers all tyves of deposits cther than
astive alluvium .aa & thin veneer up to an alt.iiudc of about 430
feet. This w:d has been derived from ths Shut-In glacial depoaits
of ths Qlder drift. Aftsr scme rewcriing, it has been redeposited
ty the Cowlitz River; (¢) An alluvial cone 13 built cn the lowest
terrace of the right banik just downstream frem cross secticn M3t
(see fig. 13), where a small stream debauches frem a course cut

into ths steep vallsy wall onto ths bench surface. Anctaer cone

is built at the mouth of Corn Creek. Deposits maldng up the ccnea-
conaist of boulders, ccbblas, arnd coarse, clean, poorly gradsd, _
highly permeabls gravels interbeddsd with coarse, clean sands.
Active alluvium conaiasts of unconsclidated sard and
gravel with ccecasicnal boulders. In the canyon, deposi;ca ars small,
ard are confined to the bottam and banks of the stream channel. Thickness



varies with the stage of the siresm. During low watar when the curreat
Ahali&t,bodsmbomﬁzupt.oﬁdcmumcfmtoﬁfaet,mt
Mingnzhnmdxmtbcmummn,&mmwv
mswpbwwnpletaly M.theheadofthamamifarth&ny-
m-mmmmam,wuvcumummmﬁdawot:ho |
flood plain and is no doubt somswhat thicker, ‘ ’

Country rock

Bedrock at Sbnt-in dam site ccnsists of a series of basic lave
mnandt]magglomramcutbythmbasaltdiba. Thaserieeia
aore than 1,000 feet thick. Tentatively, these rocks are assignad ta .
the Zeechalus Andosite Series, but their stratigraphic FGSition uithin‘ i
_the series is unqomm. It is baliendthatthcwmucmapm
to those exposed st ossyroc dam site in Dumn canyon. L

©  Thick forest and heavy cover of surficisl deposits meles it m;- )
possidble to trace individual flows for more than a fow lmndrsd teet.
Since the flows are very massive and quite si:d.lar inappomcttm!mgh-
out thick portions of the stratizraphlc section, it is difficult to -
distinguish between them on ths baals of ]itholoé. |

Sjnccthebednmdip_;dng upstrsem, the youngest rocis crop ocut
at tl» head o? ihute~In canyon. Proceeding mw, older flows are



exposed succesaively along the river banks to a poimt &bout 400 feet
below cross section 3-d', firurelld. Turther dowmsireanm, somewhat |
younger rocks are brought dowm to river level by folding and are ex=

.posed on both sides of the river at the mouth of Corm Creek. Partial

secticn of the Xeschelns Andesite Series{?) at Stut-In dam aita is as

follows: _ .
Unit Lisholosy - Approximate thicimess in fest
E Andezite wf
o . Andesite and basalts | 0 =20 o
¢ Basalt s- &
8 Agglawerats and basalts 15 - 150 r
A Basait - Bt
Total 1085 - 1158

Cnit 4. = All rocks strstizraphically beneath the flow

azglomerates of Unit 3 are lumped totether into Unit A. Pro‘eahlym |

than 435 foet of baselt flows are involved. These rocks are exposu!
dotgthnrivsrminthcﬁcinitjofcrosa scct.iona:ﬁ-ﬁ'andﬁ-ﬁ'
ﬁmen,toamximalﬁtuaooféwfm. ‘fppoft.hisserieaia

represented by the bottom 4 feet in drill hole No. L-2 (hole 16 degreu |

ﬁ'oa verticsl). In these holes it is a dark gray, very ﬁnc-grained,
glassy basalt with small white feldspar phenocrysts, rourded masses of
what appear to be zreen glass, and small apheroidai. azysdulos fiidedof
with a black, zressy, clay-like meterial, probebly chlorophasite. In

—_— . cm——— - - e e T .- P o e O e i T S
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both drill holes, there seems to be a gradual change to the overlying
agzlamerates rather than a sharp comtact. Thoss rocks exvosed along
thébankanttharim-mudunpotanmmcfwdwlannm
of rather similar appearance with incomspicucus flow contacts. ‘here .
flow contacts could be distinguished, the flcws wers f‘rcn 12 to 20 faet
thick, Rocks making up the flows are dark gray to dark greenish-gray,

20

fine-grained basalts with amall light-colored phenocrysts of plagicclase

feldspar (labradorite), and a few scattered, darik-colored phenccrysts
of ferrcmagnesian minerals (augite (7) and nliyine). Many irregularly
shaped vesicles are present, especially in the zones irmediatsly

' | bensath flcw cMs. These vesicles vary in size fram a fraction

of an inch to a maximm of about two inches. Many are filled itk
silica, but sare are filled with a soft, greasy, dark green to black,
sncrphous, clay-like naterial that xay be chlorophaeite, and a few
are f£illed with zealite (stilbits). Often a cryst.al.maku up the

.center of the filling ard is surrounded by the black, greasy material.

Contacts between flows, observed only in a few places, showed little
or no altsration ard were marked only by concentraticns of vesicles.
at the top of the lowsr flow. In soaze instances, the flow contact

was marked by an almost continuous layer of silica from cne-half to

three-fourths inch thici. |

The thick massive character of the flows, with their tight,
unaltered contacts, mcderate jointing, and their ccomposition of hard,
fine-grained basalts, indicate a streng rock that would be satisfactory
for & dam foundaticn or abutnment.
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(hols inclined 15 degrees froa vertical) mbere Unmit B axtends from
a depth of 133.7 fact to 234 fest. The following log was mde from

& fleld axamination of the cores wdth the aid of a hand lens.

S -

n Deserintion of rock

Flow agszlomarnts, coarse fragments up to
& inches, 3Soth frazzents and matrix
altersd to bright red.-

Flow agglomerats, coarse dark greenlish-cray,
with a few red fragoments. 3ilica Filded
asyzdules in both fragments and matrix,
¥oderately jointed. Jointas tilled with
calcite.

Sasalt, dark gray, ﬁne—srainad. mmssive.

Flow agzlomerate, coarss, angular {ragneats
up to 3 inches; both fragmeats ami
mirix red; aany small, rounded, calcite-
£433ed amygdules in the frazments, incln-
slons of basalt up to 12 inches in size;
Joint.ing very inconspicucus. -

Flow szzlomerate, coarse, dull reddish-gray,
many small calcite—filled amypdules,
basalt inclusions near top, much jointed,
calecite filling Joints.

Basalt, dark gray, fine-grained, dense,
glassy. Inclules some agzlozeratic
saterial. loderately jointed. Calcite
£ills Joints.

Flox agzlomerate, coarse; toth Irszments
and metrix bright red- zany fracnents
partly mslted; a2any small caleite-filied
amyzdaless two sets of joinks; cne filled
with ecxleite, secord with quartz.

-

rlow ag=lcmarate, fine, dark bluish to
greerdsh-yray, wih red fragments in
the top 6 inches; inconspicuous jointing;
small silica~fili-ol amypdnles in botion
18 inpchas.

Depth in feet
Yroa Io
133.7 138.0
138.0 6.5
8.5 9.0
149.0 150.0
165.0 173.8
173.8 1£5.8
185.8 130.0

- 20



Flaw azslomerate (?), traasition zone in wxich
acove Ilow agglcwerats changes to basalt.
<edivagray wita zottlings of dull red.

Zany small faidspar phanocrysts. 190.0
fasalt, madi:m-way 3 dense.

Altarsntodvd.lmd 33208.81:0211
eeh: and contlins mgsses of burned
_zattarial baetweens 215 and 220 feet.
Containg suell, rounded mass of greem
glass; Jolata abt & to 12 inch mts:-rah,

vizhb, caleibe=filled. 200

Flow awgicmerate, coarse, ofth fragzerd s and
walril brigiht red, large agymdalos it
of.i caladiz, wd small ones Stk #ofn
viack, groasy, clay-ilie calarial, 220.0

TAoW SZaicoerpihe (27, Jingessained, daviepuy,

conbaing saall asses ol glaas and a

T aall, ailizd—Skelee-aoygiules. 223.0

: 2ty Zipo=grained, darkesTays
convains :suny I:dlissr phanoervsits,

3l maaasas of :mterial altarsd o rod

color. Conibains Emypoulss vitiwd of.:

sofl, groasy, Trween, clay-lite mmterdizl

and 2 fow —deted~-0f calcite. Iaclusxions

cf a darxegray, Iine-srained basalt in

votllona 5 [eei. 230.0

' Flow agslcmerate, {ing, wita wuulsr {ragmasts

rom alcrcscoric nize to one=fomth inch.

i faw of Lraguents burned Diizht red, tut

<08t of roek is derx-sray. ustrix is very
firs, contains small zasees of amygdaloddal
silica and caleits. ndeorate jJjoimting.

Contaet #ith underlying roek xszxicg. 2:0.0

Mlew ayziozurata, coarse {ragmenis in a2 ground-

a838 =ade uUp wostly of zlass that i3 zreen

Sroa 245.3 te ’55 {eet, darkegray froa

255 to 258 feat, snd reddisiegray Srom

258 to 275. & .gew large calcite=sésZed
azyzdnles zre oresent. Thers ars three

sets of twderately devwloped joints,

many of which are slickonaided, 25543

208

2C0.0

2200

223.0

230.0

2.5.3
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Flow agglomsrata, fins fragments in a dark

romisherray sround contaiming =il

mases of orownishe-gTay 10 greenishe

gray glass and many s=all phenocryats

of plagiocliase. 2750 - 294.0

- Ths seqencs of ﬂmvaggloumtabunmdmdaltafedbygm,
unaltered flow agglomerata, and basald is repeatsd tires tines from )
denth 133.7 to 200 faet. “ach seguence mhamramm:nindiﬂdml
flow. rhaaggmmmzmmmzmwmmushm
mcre Ilows. mmlmnmmm-agghmh;owaltisw
so gradmal that it is often diffienls to differentiats betwesn ths two.

The relative amounts of fiow agglomerats to besali appears to vary

grmlymaamlocﬂitytaammcuiasm“ﬁmtls,wih- .

ceneral character of the series remains sssentially the same throughout
_the dem sits ares. m-mumlun-zmaz-z,zmﬁam&m
betaeen the burned and altered flow agzlomerate ab the top of Umit B to
the basalt of Uals C. Ca the ground surface relationsiip between the |
tso is pot so0 clsar. IaCmﬁkanllsy,agg]mnﬁnappm'm_
the lowest bed of Uit C, cither as a result of intarbedding or repebi=
tion by faulting. Zxoosures are not good enough to dstermins shich is
the explanation. ) . o
In genersl, the Zlows aaicing up Unib B are thick and mssive.
Agglomeraten rmics up zors than 50 percent by volume of the seriss.
smctbamnmmmwnhawmmw
pore pervicus than the basalts, Unit B as a whole is lzss desirabls than
those mede up antirely of basalts or andesites, but is nrobably adequate

t0 serve as the fcundation or abutzents of a dam.
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sbove tha base of the wnit in &rfll hole L-2 (15 dagrees from vertical)
is a t.hinm of fragrents about cne inch thick. The overlying matarial
is cull and lustarless for 10 to 12 inches, and for tiree feet unierlying
the fragsents thare &re meny szall sphercidal azygdulss Mcf |
soft, black, zreasy, clay-like mterial and a few larger, silica~fiiied
axygdnles, A1l of the aaygdulca are arranged in rude bands mugh]:
peralleling the contact. In hole L-2 (20 degrees. froa verticel) a 008
mde wp of flow agzlomerate enclosing sxmll blocks of the bamlt extands
from 30 to 37 feet above the base of the unit. In drill hole B-2,
about 7 fest sbove the base, 1s 9 inches of bright red, fragacatal flow

. This is a strong rock only moderately jointed, that should -
be sufficiently strong for a dnaf\c\md'atiealcrahmma“ Rapm
' ability should be comparatively low. ' |
. m.~am“orb£sanammpmenaowmo:
the Cowlits Efver in the vicinity of cross section P=P¥. These flows |
were penstrated by drill holss L2 and R2-3. Total mummcm&-
mnrthcunitisap;roﬁmta’q'zx) feet, This sories isndaupof '
not leas than five individual flcws, all verymincpm;
Rociks composing the flows are mard, tough, fine-grained basalts that
ars neddun-to dark-gray to bx_'om\ish-gray in colcr, specklsd with smmll
wiits feldapar phenocrysts. They weather tc an olive-gray. Small
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rounded zasses of bdlack zlasa are present. Ax.vg&ilsa are not wm
c:m;apt. in scones beneath [low contacts.’ Small amygdules £illed-—with ef
black, greasy, clay-like material (chlorcphuaeite) urs common in thess
mﬂu; larger ones filled «io6h silica are more scatlersd; and la.rgc ’
enlt:‘.te-f-&ké a~ypdules are found occazionally,

’ A

Inﬂﬁnmtimtbahsaltsmmadofmn,mttcd,

‘trick-shaped phenocrysts of labradorite and srall ydloﬁab-grm yheno-

crysts, probably olivine, in a ground composed of nicz-olitu of labra~
dorite, sm.l.l unidentifiables grains of farromsgnesian zdnmh, and
mich darkecolared glass.

Cn the ground anrfaco contacts betm t.he flows are immb

splcuous and rether difficult to distinguiss, but ia drill hole L-2

thqmmhedhyﬁmltoBtmotredm,mgwuzalnmq

Joints are only zmoderately developed, usually in tiree nt.a,
dt.!ngh in one locality columner jointing was cbaerved. Joird'. smdng

!uiestroaéinchest.o3fo¢b. On the aurtwcamycfthejomm )

cpmtoabnutone—sithhimh,mtint‘mdﬁuholutmwto
be ticht. Hsny of them are filled with 3ilica and a fow with calcite.

This wnit would be involved in the lower part of eech abtutament

and in the foundation of a dam at cross section P—P". However, decause
of the thick sassive character of the flows, thin contact zones, and
tough, hard rock, this is 2 strong unit adequale to sarve as the founda~
tion or abuiment {or any type of danm,
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Unit E. - This unit, consisting of a series of undifferentiated
flows of andesitic lava, crops out on both banks of the river upstreaa

'MMM»O—O' figure 13. Ixposed rocks have @ stratigraphic
thicikness of aboud 200 fest, wtsmuthctogo.fthisuni.tismed,

the total thiciwess is unknoan. The unit is no doubt made up of, seversl
flows, but the number is unknown aince no exposed coatacts were found.

In color, the weathered surface ol the lawa 1s browmish-gray,
often with a slightly greenish or olive tone. On & fresh surface, the
rock is ‘fine-grained, hard, Lough, mediuegrey o browsish-gray in color,
d.!‘.hlﬂll, scattered white plagiocisse feldsper phemecxysts, smmll grains
ofhdntita,mdn.lphmaysuo{p;m. mwmdmm
groundmess. is am,,ito be crystalline. Feldspar dmntumupsq to.
90 percemt of the ground with minor amounls of pyroxene and megnetite.

¢ The faldspar microlitss exhildt a slizht tendency towerd parallsl
' orientation. |

A Y

. Saall axygdulss. £idled—wiih o so(t, greasy, grecaiah-hw
aineral, probably chlempbadto, and larger lese wmsmmﬁnd _
azmyedules are found scattiered througm the lava, ut are core mm
in certain zones, prcbably underlying nn-eom'.acta Insmlorumc
sones. feldsper phemcrymm umusually puasarous and tend to be arrangzed
in perallel 2lignzent. ‘

Since jointing is modersts and ths rocks tough, hard, and
relativaly i=mpermeable excest along Jjoiats, this unit sk::uld be well
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CCHPOSITE DIKE CUTTING COUNTRY ROCK, LEFT BANK COWLITZ
RIVER, SHUT-IN DAY SITE AT CROSS SECTION N-N', FIGURE 13
SE%, SEt SEC. 9, T.12 N., R.3 B, -

The composite dike consists of two parallel dikes about
6 feet wide separated by approximately 10 feet of country
rock, Photograph by A.F. Bateman, Jr.




suited for a dam fowndation ar abutments. At.szm-znsita,itwul&
bsirmlvsdinthaupparmrchthoabmtsfwadmazcmaa-
sactim?-?"

Intrusive rocks. - Four dikss cutting the lava flowa wers chserved
in Shut-In canyone These dlikes are exposed near the centar of the dam
sitaammthelaﬁbankotthorimatcmu—eocﬁmﬂ-w,fimn.

‘The most ccunspicucus dike is ap;:mzimclypnranaltathi npig
Dike? at Mosamy Rock dam site, (see ;11. 7). Strike determinations
it variad from Ne 47° We to He 50° H., and dipe frem 70° northoward to
varticai. Mthmghita;pearstoboasinglalar@dikaitactnﬂly
censists of two diies, each approximately S feet wide segarated by 6 to
10 feet of country rocke. Ingmaral,thetwpartamwallal,b{xt
lccally the dip of cne may vary as much as 15 degrses {rom that of ths
cther. The rcck is a hard, fine-grained, fresen-appearing vasalt., Caler
varies frem dark-gray with a subvitrecus luster on a {resh surface to a
lizhter arxd duller gray or olive-gray cn a weathered surface, Microe
scopic examination shows the rock to censist of a demse mat of plagioe
clase feldspar microlites with swall irregular masses of glass enclcsing
-emall, ec&totedphgiocmc;hmocstbs occuimlmllpym
@enoc:vst.s, andafav szall, sllica~fizawed amygdules. Closely spaced
cocling Joints perpendicular to the wall of the dike break tis rock
irto small colums a few inches cn a side. Fracturess are subconchaidal.

N
p—a
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In the vicinity of cross section N-N', this dike can ts traced
on the ground for about 400 feet. A small exposure of similar dike
material about 1,000 feet upstream near B.H. 576 is interpretsd as
being part of the same diks. Abcut 2,000 feet downstrean similar
material veneers the water-side of a rock exposure on the norti.bank
near the mouth of Corn Creekks The diks probably once occupied the gap
betweens this exposure and a rock ialand in the center of the atrean,
since the width and aligmment of the gap agrees with the wiith and
striks of the dike. The nearly horizontal and well-developed colizmar
Jointing of the dike rock would permit much more rapid removal by stream
corrasion than weuld the enclosing country rocke ", |

A two-foot dike of similar material is exposed about 50 feet north
of the composite dike on cross section N-iN'. Strike of this dike is

¢ Ne 38° W., ard dip 1a vertical except for a small fold. About 10 feet
farther north is a cne-foot dike of similar material that strikes
W, 50° W., and whose dip is vertical.

A fourth dike .approad.mta];y two feet wide cuts the first three }
dikes diagonally. Its strike is S. 58% W., and its attitude is about
vertical. The rock ia a dense, fine-grained basalt, olive-gray in color
on a fresh surface and deep olive ts brownish-gray on a weathered surface.-' :
Under the petrographic microscope the ground appears as a mat of axtremly
fine plagioclase microlites with scattered, very small crystals of
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pyroxene, and 30ma brown glass filling fine cracks. A fow scattarsd
needle~shaped plagicclase phenocrysts are embedded in the grannd.
Jointing is not as well-developed as in the cther aike-. A median
Joint i3 »resent throughout its cosarved length. For a snoert distance’
this joint ia mm&&cn;mmwuhm-{;mh

inch thicik.

PN

The contacts betwean all of the dikes and the country rock ars
so tisht that it 13 oftem difficult to pick the exact boundary between
them. ‘
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Structaral festures

Qggofbeda.-ﬁttimdecrtns h'nis difnmztcdehm
becguss of the thick, zagsive character of the flows, thas suhrity '

_m:w.umnmmupmvmmm,moma

%

forest cover, acd the mcity and small size of roek cutcrops. Sueh
Mtimotdipamm.ucmlcibcobw;rcmﬁn

figure 13. ' '
" The regicual dip at Lessyrock das site, spmtu,o.'zmu
west of he downstream edge of the Shut-In dam site area is 15°,
Se 12° M., and near Ajlune in SEINEL sec. 21, 2. 12 K., K. ...,nbent
0.6 milas scuth of the dam sita area, is 219, S, 3% 7. Cn the right
benk of Corn Cresi in the nortiest corner of the dam aite area, thé’
l‘io:n dip scre noarly mestward with determinations as fclhtaz__léé,

-

Se sz‘w.; 20°, S. 38° 7.3 mdav", Se 60° 7. Throughout'the remsinder

ofthsdnaitommnmsupmm AL the upper end of Corm .
Creek, the dip is 9°, . 50° B., and slizhtly lower 1s 27°, . ;f x.
Upstreaa from Corn Creek, on both banks of the river, the ncud:p'

‘eastward ab wngles ranging from-19° to 35° with- strikes vorying from .

© e

¥. 37° E. to E. 40P %. Cne exception is discussed in the paragraphon

folds. | _ L
Folds. = /n anticlinal axls striking and plunging apprcﬁ.;ata]y

3. 8° 2. croases the Cowlitz Valley near the ‘cest: «ize of the map area

(sse Tizurs 13). This fold is exposed in the valley of Carn Creek about

650 feet from its mouth at altitudes of from 530 te 570 f2et. It brings

21
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LOCAL FLEXURE IN LAVA FT_.g, IEFT BANK OF COWLITZ RIVER,
SHUT-IN DAM SITE AT -CROSS SECTICN N-N!, FIGURE 13.
SE%, SE: SEC. 9, T.12 N., R.3 E.

View is upstream with lMr. Johnson for scale., Flows in
upstream flank dip approximately eastward at an angle
of 27°. Photograph by C.E. Erdmann.
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canparatively permesble volcanic agglamerstes to a maximum aliltuds of
675 feet. Alcng the river bottcm and’ on the left bank of the Cowlits
the antdalins is sniirsly covorsd &y glacial depesits erd allvwlim,

Twenty-five huxired fest upstreanm {ram the mouth of Corn Creek an
m@'fmmwmmuamm
8 cliff along the left bank of the Cowdits River that projects about
wrm;bonthomtarmmu Beds in the upstream flank dip east-
ward st an angle of 27°. The west flank is poorly exposed and no satis-
factory determinations of dip and strike were obtained, but the beds
appear about horizoental. This fold is believed to be a minar flexare

() oo the flank of the Corn Creek anticline. (See pl. XVI.)

( : Faylts. - No faults of any size were cbserved, In Corn Creek
| Valley at an altitude of 640 feet, a slickensided surface dips 85°,
« 8¢ 57° Wo Both walls are camposed of lavas of Unit C, but the south-
west gide appears downthrown about 6 inches.

Jeigtg. - Becauss of their effect on strength and permeability,
joints are cne of the most important mechanical features of the lava
flows. _Cmaoqtmtly,;mthar;hm@muimofjcinungﬁth;
dan site arca wes rade. Seventy-nine determinations of joint directicns
and dip were made at 30 localities on tho grourd surface, Observaticns
wers also made on Joints in diamond drill cores, especially those taken
from drill holes L-2, R2-1, and R2-2. From 2 to 4 sets were chserved
. at each locality, but more than 4 sets are present. In general, there

(
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ars two types: (1) Joiuts related to cooling sirssses in tha rock
whcse directions and Jipy vary miil tho swike aad dip of the lava
Tlows; and (2) tucse rulated to Lactonic stress ibose direstions and
dip appeer to be larely indspendant of the attliiude of the. beds.

Iz the fi8ld Jolats of the t3o types cacnob ordinarily be distinguiahed
Irox one another ca tha tasis of Sheir physical characier excapt in the
case of clomrly dslfined “heddiag* joints aad hexagonal cooling joixtse

"Sedding® joists ware obsarved throughout the daa site arsa in all
c? the rock nrita amd In the drill holes, f:‘tz'ﬁ-‘no!thmjoizhmé

faces wers essextially serallsl ts bhe sirike of the bedding at the

particalar locality. Ziga vary froa the dip of ibs beds bty not =ors
than 10 to 15 Zegrscs. 3Spacing varies cogsidarably, mot only froam éns
urit to another bub cvea silhin the sczo wmit. In the azglomsrate buds

of Uzt B, spacisg is Sroam 1 foob to 2 or 3 f3eb. In the lavas, spacing

tends to be less, <¢3peclally naar flox coztacts whers it zay be only an
inch or two., Cn tha ground swrface, Lhcse joints are sither. tight or
clss open only a small fractlon of an inch, In the drill holss, they
are tight and ocessiorally hesled with eltber calcite or siliea. -
Two con,jugata sats of Jaints striks roughly parallal to the strike
of the bedding, but dip at angles that are '.xsz:a:.u.ayr about 45 degress freca |
the {low surfaces, althsuzsh in some cczses this angle 13 nanrer 90 dezrses
than 45 degress. Thess jeints wears observed in Unita 4, C, D, and E,

tixrcughout the dza site except for the righ}s almtzent upstrean from the



sectlion line. Cn ex::cud mek snrfacu, these Join.a are open trca
a sxall fraction of an inch to about one~fourth inch. Spacing ranges
from cne to four foot. In the drill holes these jointe are tight.
dany are ﬁJ.lcd with calcite and a fow with ailica. .

Two ssts of mastar Joints occur in the Cowlitz Valley, ons a‘nt.
striking Fi=GE and the other set iiF-5Sd. Joints of both sets ars
vertical or nearly z. These two suts control the winor topographis
features found throughout this part of the Comlits Valley. in_tn. .
" daa site ares, the N.i-3E set 1s zare noticesbls becauss severzl are
occupled by dikes. 3ince these two sute of joints appear ':obom_r_o '
or less independent of the attitude of the flows and of the individual
rock units, they probably have resulted from tectonie stress. 'Joizx;.s
belonging to the Mi-SZ set were observed throughout the dam site. |
'\_smiunngnfm_asz. 15° ¥, to ¥. 50° %., and rgpanry}ream" 3
o 62° 5%., altacugh most are vertical or nearly so. Spacing is rather

s varying from 1 to 6 feet. Somgdntsmopeaumchuutm'u-' |
fourths inch on the surface, but ars probably fairly t;ight. at depth.
Joints belmging to the NE~37 ast were also obscrved throughout. th'
dam site. Strikes of these joints vary from N. &0° ¥, to ¥. %0° E. .
Dips are eithar vertical or at high angles to tha northwest or som‘.h—‘
east. Invervals be;.acm dies very from 1 to 4 feet, Host joints are
opan froa a fraction of an inch to one-fourth inch on the surface.

In adiition, there were 7 joint determinations observed that, ca
the besis of their direction and dip, did not appear to belong o any

of ihe atove sst3 ror Lo form anciher ast.



Cround watar conditions |

Surface indisations of ground waber in ShuteIa Canyca eamist/{
of small springs and seeps fad bwiprecipiutinn in the form of rain
and encw. iovement o water 1s down ths vallsy xalls toward the river.
Attha‘ti:ﬁddahamtimmammugmmwntheo‘f
Septenber and October, no individual seep had a flow as great as ons
cubdc foot par second. Flow mas fyom the folloxding types of water—
bearing siructures: ‘ L

1., Contact between Dedrock and overburden.. ?hc largest .
sesps observed were of this type. Cn the right bank they occur at the
tcporamckmmpsonthmtofa.ﬂ.,503,3%&&1’.0901’3:9:3{@1}!1’
um:rlﬁngthaﬂlmialmjmtdomtwmmsanﬁmm;,
and ab the‘top of several rock cliffa in Zorn Crsax Valley. Ontbe
leit bank these springs ars nuscrous, especially st t.hot;portharoek
outerops extending from a point about 300 fest upatresm froa 3.l 437
to a point about 600 feet downstream. |

2. Comtact betwsen the Clder drift and Tounger drift. Flow
iaenmp'mmmmorwecmcdrﬁtmw;&'
lowar=est & to 12 inches of gmalsmdsandsm}d:g.up t."xo‘fcnng,u.',,
drift, from which the Zines have been washed. Seepa of thls type are
smaﬂbutmalougthomtkslmgthofthc@htbankin.m-h
Canyou wherever Clder drifl is sxposed. They ars from a fow feet to
25 feet above the stream surface. On the rizht bank, seeps of this

type are very smmll, few, and scattered.
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3. Joints and flow contaqts in badreek‘ 3eeps of this
type cccur at many localities jrithin the dam site area, but quantity
of fbwiaanrmdym;l. They are located near the tops of rock
outcrops whers surface water coving down the vallsy uall along f.hn
. bedroek surface hes an opportunity to eater the joints. A )
ke Peraable Layers in the Clier drift. In the elongated
exposure of Glder drift extending upstreas along the right bank of the
river from B.i. 452, water issue from gravels and sands along the tops
of tin layers of glacial silts. Total quantity of flow is amm. ‘
Mnmlwammafmmtrumadﬁnbhs-g
obtained water from cutwmsh gravels of the Younger drift at depths ;t
"18 and 2k feet. Thhnmiammz}pmmmwsbﬁsg
. the Iounger drift. ' T ‘
5o data is 87&113!:10 with respect to hydraulic conditions fcund
i the drill holes. | |



Permeability

Pmumwmmm@mmmumamm
m:awmuummmaeimwm;ahAo of the
rock or along opemings provided by flow contacts, joints, faults, or
dikas: | »

Both field examinaticn and microscopls stuly indicats that the |
porosity of the basalt and andesits lavas o the varicus units is low.
ﬂmcatheummathmmymﬂ.m,mdpamlaim '

throughthairf..br‘cmuldbenegligibh. dcmer thafloww“‘

thatmupmntam;OpommtbyvalmofUnitamumhm
per=sable and would permit appreciablas percolation tarcugh the fabrie
of the rock. Fortunately, in the vicinity of the proposed axis, PL-P2,
the flow agglamerates lle heneath the relatively inmpervicus beds of-
Units C and Do In ths preglacial charmel the overlying teds have been
rm,bmmoagglmat«mcanrdbyglaciudapodzaofm
(lder drift that have rather low permeability. '
mstightaniralativeqmltaraiflcwcmts t:mu&mc
weuld no doubt have lowmubiliq. The flow centacts in Unit B,
however, consist of zones of coarse, bmm,fmmulw '
several feet in thickness ard highly permeable. Those in Tnit D are
ai=ijar but thinrer. o flow contacta were seen la Unit 3. In the
vicinity of the proposed axis, Pi-P%, the Flows dip upstream at an angle
of 29 degrees, an atiijunde that limits consideradly the eflsctiveness of
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the flow contacts as percolation chamneis.

Saze percolation channels may occur along Joints. They texd to
be rather closely spaced in the lavas, but are more widely spaced in
the agglcmerates. In surface exposures, Joints gape opentm 1/32 to
}M:M%uwmwmnccmamﬁm'mor
else open cnly s very small fracticn of an inch. Mary were £illed with
either silica or calcite. It is cancluded that percolation along joint
surfaces would be snalle

Consideration of seepage along faults can be eliminsted since ncne
were found in the vicinity of the proposed axise. T

Dikes in the Shul~In area strike about normal to the proposed axia
and lead directly from the reservair to the open valley downstream. The
merocksmtmihwamutocmmmrock, 8o flow alcng the contact
surfaces would be mimme. Chief danger of lsakage is through toe well-
_developed ard closely spaced coluzmar Joirtings
' In ewwary, it is concluded that the main body of bedrock is
relatively impermesbls, Permeabls members are buried beneath more im-
 permeable wiits. Seepags. through parmeable features such as flow contacts,
Joints, and dikes will occur, dut can be controlled by groutinge i
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Jam section

.The moat eccnomical section in Shut-In Canyon for & high dam’
is i1lustrated by cross section P—P“, figure 1. 'ropogiaphy aould
permit a dam to be raised to altitude 750 feet and possibly a few
feet higher, but other considerations limit the maxizum height to
abouk 740 feet., A dam to this altitude would stand 324 feet above
stream bed and 516 fect adove the bedrock floor of the vallay. it

this height the width of open valley is about.1,2,0 feet. Conditions.

are about the same 200 feet upstream. Cownstreaa tls valley flares
slightly, but conditions do not change a great deal for slightly -,

more than 400 feet to cross section C-0!', Murther downstream tetzeen

cross sections C=0!' and :=iy', the section is only slizhtly less
favorable from the standpoint of torosraphy, but geologic conditicns
in the abutzents maks thia portion ‘of tee canyon much less favorables
i‘or a danm.
Abutments

The term atutments includes the valley walls above river surface.
Ge loczic conditions in the ahutaments of Shut-In Canyon are not uniform
throughout its length, so for this discussion the canyon will be

divided into three parta:

~

25
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Usper end. - ror about 1,500 feet at.f the upper end of ths
canyoni, abutment coridiﬁona ars comparatively unifom;.. This
includes ths area upstream [from crosa section O~0', figure 13.
Exposed rock eomist.s of t;hick,, msaive lava flows of the AKeochelha
andesits scrioa (?)e (See figs. 13 ard 14.) Units D and % make up
tbeaMforthemstparb, but UnitCia e:&posaialongtm
left bank of the river at the lower end. Bearing capacity of these
rocks is belleved sufficient for any type of dam, The flows dip
Wat angles varying froa 19 to 29 degrees uit.h.a. coponent,
dlp of sbout 5% degrees into the right abutment and sbout 12 dagreea
into the left atutment., fHence, ths two abutments are about equal in
strength. Bedrock is at or near the ground surface on thc‘ right ab;at-
ment from an altitude of about 480 feet to well over 800 foet, and

-

on the left abutment from river level to the top of an outcrop of

i Unit E that because of the atiitude of the beds rises from about

altitude 450 feet at the east edge of the dam site arse to a maximm
of 760 feet about 300 feet downstream from section P-P¥, i/hat cover
is present consists of talus, alope wash, and glacial drift that '

~ probedly never exceeds 15 to 20 fevt in thickness.

Froa river lavel to 420 feet on the xighf. abutnent, the
5round surface is underlain by outmesh am'ls and Zravels of the
Younger drift except for a narrow band of pebble=-clays, sand clays,
fine sandy gravels, sands, and silts of the Clder drift exposed im-a
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aapvew-band along the river bank. Relationship of these daposits
and their approximate thicimesses ars‘sbo-n on the enlarged cross
section P2-93, figure 15. '

. bove exposed rock, the left aiutaent i3 blanketed by
heavy forest cover, soil, and slope =ash, underlain by deposits of
the Iounger drift. Below altitude 810 fset these deposiis appear t.n
be mostly cutaash gravels, and at this altitude a compsct $1ll
associated nwith an elonzated moraimal ridge axtending southwestward
from the rim of toe canyon. Confizuration of the bedrock surface
beneath these deposits is unminown through a distance of zore than
1,000rutbotmthohighcstmqkontmpamthom'mnmnw
bedroek in drill hola 5«7 at an altitude of 710 feet.

Center. - For a distance of about 1,300 fset batween cross sec-

" tions C-0' and Hei', oo bedrock is exposed on the rizht atutment

except for & small outcrop near the lower end. Cover is rather f.hici, :
as is shown by sections N-H!, Ueil?, fizure U, and consists of scil,
slope wash, landslide deoris, talus, and glacial deposits. Cn the
left bank, Units A, B, and C m‘muwmnmupeo ahﬁ-
mm altitude of 600 feet. Above that level, everything is covered by
outwash gravels of the Younger drifl. |

Inv}ar and. - “roa cross section =it to I.e-L'Aat the oouth of Com
Creak, the downstream end of ths map area, is a distance of about

1,500 feet. 3edrock is exposed on the rizht vank just downstream (rom
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gection =i’ in a clifl cxtending froa river level to an aliiiade
Z 450 fest, whore il disappears umier an alluvial cone tmil‘:.zzp‘sy
a small trimtary strean. Intbavalley of thin siream above the .
2lluvial cone, rock is again exposed at aliitudes from 626 to 664
foet. “Undifferentisted glacial drift covers Lhe remindar of the
right abutaent except in the vallay of Corn Creek whers rocks of
Units 2 and C are axposed from river level to 433 feet and from L8O
fost to more than 500 fset. Cn the left bank, rock sxgosed in the
Msnﬁmmmammmlmsmhafw#umm.
.feet,rha‘it disappears under zlacial derosits.. ?opcfthiaea-.
posurs i3 at 620 feet. 'ﬁareminduroftbslanamtaenthnnder:-
lain by outmash sravels of the Youngar drift, except for small exe
posuruofﬁlﬁadrﬁtalm:g ths riveyrt's edze. o |

Foundation

_meedmtoljfutintnicknuaataxiypointin”!mt-mm

The allnvium is umierlain by ait.hu' ba&vckorsedimntacfth’&;dﬂ'
drify, that fill tha preglacial chaamel. The course of tais chamal is
outlined by ¢rill holes st ssction P~2%, and for 1,100 feet downstream.
Zoyond thalt point, it3 positiocn must be Inferred from surface outcx-ops.
it ?-P", the chamel diresctly wxieriies the present streanm bed, ut

Active alluvium in the streem bed iy thin and probedbly coss not

22,



-~ @

N
N

downstream from this line, it swings to the north and underlies the
right bank for a distance of at lwast 2,000 feet. In the vicinity of
cross section H~X', thers are two posaible foutcas (1) The channel
may coincide wlth tis present course of the stresa; or (2) The chammel
may sw;.ngaid-to the right. If the chammael follows the irst course,
it zust pags tetween rock cutcrops on either sids of the 'rivcr only
200. f=et apart. Cutcrops of Older drift were not found along the rim
in this atretch. If the channel follows the second course, thers iz

a space of about 300 feet tirouzh which it may x;uaa. Jewnstreem froa
thi; airetch the éhanne; sﬁ.z#s laft under the bemch oprosite the mouth

A}

of Corn Creek.
An enlarged profile of the channel at cross section p-Ph is shown

on cross section P2-P3, figure 15. The charmel floor liss 203 feet

" below stream lovel at an altitude of 22, feet. For 800 foet downstream

from this point the flocor rises gradually to a rock divide at altitude

of 250 feet, and then drops to 2,0 feet, 1,100 feet downstream from

section P-P%, Presumably, it costimuss to drop throughout.ths rest of

Shut-In canyon. ' e |
Sedimemts £1lling the chamnel, as disclosed by drill holes C-2,

R-2, R2-1, consist of pebble-clays, sand clays, fine sands, and silts

of the Older drift. These sedizents are very compact and dense, and

should have ample strength to support a flexible dam of sarth embanie

ment, Permeability is no doubt comparatively low. Farther downstream
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wswmm,mmmnmmwggmtm
mfmntchlnconhinlouormnnpbaumdmgrmla
and sandse Eqmurf, even these deposits appear to have low permeability. -
In the upper and of Sbut-In canyoa, the preglacial chamnel is cut |
into the massive basalt flows of Unit C, and the flow agglomerates and
basalts of Unit B. Farther downstreasm, basalts of Unit 4 and possibly
Tocks underlying this unit that have not been obsarved either on the
ground surface ar in drill holes are involved. Thess recks all ha'n '
azmple stremgtn to sipport a dam. Souo:taoaggmm;mm‘
at flow eontacts, ars uther.pmhh.

Choice of ssction

T
-

Since a dam in Smut-In esayon ®ould be used for flood control and
power developasai, it is desirable to obtain m:dmstem:. Pram
W_km-lom of abutaent condiﬁ.ou limits the location of a site fore
kigh dam to thet portion of the canyon upstresa from croes secticn 0-0f,
figure 13, Downstress: from this. liail, bedrock is exposed in the left
Monly to altitudes of slightly more than 600 feet and prohubiy
doss not extend much higher in the divide bctwm Shut=In cam'cn and
the glacial <iversion channel. (See fiz. 13, and cross sections s—a'
and ¥-N', fig. l4.) 0rill holes or Lest pits are needed to establish
the altitude and configuraticn of the bsdrock surface behind the left
abutaent in this arca. The overlying ocutwash gravels appear to be too
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permeable to serve as part of the abutzent for an earthw=-f41l dam,

although they probably have sufficliasnt strengilh for the jche. |

Upstresn from soction G=0!, a wuuumwmmw

A aeciionl’-?‘{‘. This choice is scoawomammwbysnml
conditionss o o

1. Zedrock 1s mear tis surface over most of the right abube
m=nt, ub in the left abutaemt, top of exposed bedrock descends from
approximataly 750 faet nesar section 0-0' to 450 feet at the upper end
of the dam a:l?.o area. Toporraphy sugsests that i'ock probably does int
extend much hizher unier its cover of glaciel depoaits. Hence, tbs
farther downatresa the locaticn of the dam axis within iiis atrd-ck of :
the carnyon, the higher bedrock will oxtend in the laft amtamt

2. 4s has previcusly besn stated, it i3 possdbla that bedroek -

" doea not reach much above altitudes of 0 to 650 feet in the Llaft abute

z}ent mtreaa:m gection O=0', If ihls conditicn actually exista,
the left abutaent is a narrow rocik ridge, only about 1,000 feet tidek
at an altitude of 650 feet. To maks the patha of percolaticn Zor Teser=-
voir waters seeping t.hreugh the abut:um'. as long a3 possible, tho da
a:d.s should be moved upstream as far as other conditions permdt,

3. The flow contact zormas a2nd agzlcmerate beda of Urit B
tend to be permeabls, liencs, it would be desirabla to keep them covered
by the mors impervious 'aetis o{ nits C end ) znd the glacial derosits

of the Clder drift, This can be acco:zplishai by keeping the dam axis



23 far vpstream as possible. {(5ee section Wty fige 1.)

Helght and length of posaible dam

#idtr of vallay for various hoights of dam at secticn prlt are’

a3 followa: v
Altitude of | Height above | Helght above . | .
crest stresa bad rock foundstion | Length
L fest foot foot foet
Mo 328 516 1,210
70 3 506 L5
725 309 501 1,190
™ 304 496 1m0
710 29, 456 1,130
700 28 476 1,100




23%_ PLATS XVII

LOOKING UP COWLITZ FROM NCRTH BANK OF RIVER ABOVE UPFER
END SHUT-IN DAY SITE, NWi, SE# SEC. 10, T.12 N., R.3 E.
APPROXTMATE ALTITUDE 1000 FEET

View shows lower end of reservoir area from river mile 66
to mile 68, Figure 2.. A portion of the £ill terrace
can be seen in the right middle ground, and Swofford
Valley in the center middle ground, The long ridge
against the skyline is Green Mountain, and the cone-
shaped peak is Winters Mountain, Photograph by A.F,
Bateman, Jr. ‘
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Reservolir area

Shut~In ressrvoir area lies in a ﬂathd,. stesp-walled
valley, from half a mile to one mils wide (see pls. I and XVII).
Starage capacity, area, and length of reservoir for various pocl
levels are as follows: ‘

L8 § L 8 ¢ H
: Poal level : Langth : Area : Storage capacity :
s - H - H - H - H
3 : t H : H
s Jeet s miles s acres : acre-feet, :
3 . 3 3 K 3
s - ThO s 20.8 : 9,790 : 1,277,000 :
s H 3 H .
: 730 H 0.2 H 9,430 $ 1,180,800 :
3 H : : - 3
3 70 3 1%9.7 : 9,080 : 1,008,300 s
: 3 : : :
: 710 : 18.8 : 8,720 : 999,300 3
H H I ] H
s 700 3 18., : 8,300 : 614,200 :
3 $ 3 3 :

3

Reservoir waters would imundate the village of Riffe, with'a popula»
tion of 175 people (1940 census), and two or three dozen small farms
that cover most of the bottam land. lerchantable timber has beea re-
moved for the most part, but brush and second growth that is too small
to be of eccnomic value cover several aqﬁare miles. No minerals of

econamic value are imown within the reservoir area,

23:



Approximately 13 milas of S*.:ate lighway No. 5 that extends |
lonzitudinally through the reservoir aroe vd_.t& ons bridge acroas the
Cowlitz River would be flooded. The southernaost l.5 xilss of State
Aighway Noe. 51, between xrion and Eiffe, tozether with one bridge
across’ the Cowlits River, would also be flooded.

Gaolory, ~ Geologic conditions in the reservoir ares are imom

A

cnl;inawgmlw. Bzdezrmmiamﬁsmimm
highway and the river. BSedrock consists of basis lava flows similar
to those at the dam site cut by occasionel dikes, lmﬁdatm
tions of dip and strike were very 4ifffculs to obtain because of the
small sig.a’ofmnreandm;u mmassive characteyr of the Dows, mpl is
to tis scutheast ard scuthwest at anglas varyine mazoto'm dma. V
Detmtiomobtaimdinthareemoirmfoerﬂa‘ime&a@‘

- a.wathndaasitamsiwmaa.‘gmz.

Throvghout thu reservoir area, the mreglacial d'amal of the

Cowlits River li=s wiihin the wide flai-bottomed nnq oW, occnpd.cd
by the straan. SM: of the Clder drift, axposed at various 19@.11—
tiss along the banks of the river, probably f111 the charnal. These
depoaits are overlain by Yomnger drift and alluvium. | '

Leaiaxe from the rasservoir, - Chief danger 6! lealkags n'ca th:
reservolr, octher than at the daa site, 13 through sediments filling the
glacial diversion channel that bhy-passes Shut-In canyon to the aocuth.



The approximate course of this channel ia ahowmn. on figure 2, and its
relatiocnship to the dam site iz shown on ¢ross section P-P", figurs 1.
Shape and size of ths charnel and the character of ths f1l1l as determined

-

23!

by aix drill koles is shown on the goneralized cross mtioa, faure 16.
. ‘ . = R -
Aprroxiasts dimensions of the chaanel are &s follomss .

Naximua depth

Altitude - | width to bedroek area
foot foot Teot sq. fest
70 1,520 202 188,800
70 1,825 182 222,100 ©
0 1,790 152 259,000 *

-'&dvo' uaapluorthoﬁnvmtakeaazﬁ.ﬂtcotinwnla ?ron .

X

the waAminaticn of these snpln ani the driller's logs, a sample los
was repered for each hole. However, many samples showed cvidencc of

washing, so that the origiml coaf.ent of fines in t.hesc samples is

problematical. The filluf.zriaicappsu-cdto h.nrysmusrintho‘
various holes,,aadthn ﬁllouixg eoudeuadlogofdrinbolo Ko. 8-3
is sudbmitted as typicsl zince it penetrated the maxixzm depth of fill,

233 feat.
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1oz of Ixrill Hols No. 3=3

curface elsvations 771.5.
A1l :asurecenta m.in Toat.

Jeseripbion
C..a;, lizht ﬁllodsm, silt.y,
sandy, tough, plaatic, wth
occasional pebbles

Gravel and sand, with a samall amount

of clayey sili matrix and
oceasicnal boulders, light
bromiah-gray Csbbless hard
and sowxi.

Gramlanimd,clam,miﬁn—
stained peboles. Cobbles and
pebblea bard and sound.

Sand, light rownishecray, osdium=to
fine-grained, sith poorly zraded
silt matrix having a trace of
plasticity. ‘A faw interbeddad
laywrs of coarse 3and and fine
gravel.

Sand, light bromnish-to bluish-gray,
medium and fine, wiih secattered
pebblss to one=sighth inch, and
much slightly plastic siity satrix,

Sand, as froa 102.5 to 127.5, except
with barely encugh matrix to £i11
void spaces belwsen graina,

Sand, coarse and xedium, cleen.

Sand, fine, sven-grained, xith a fow
grains of coarse sand. A trace
of silt matrix.

Sand, seae es fram 137.5 to 142.5,
except thet it has zuch a2ilt
matrix, -

.

47.5

.5

127.5

132.5
1375

152.5

475

52.5

102.5

127.5

132.5

137.5

2.5

152.5

Thicness

335

5.0

2.0

250

5.0

e

5.0

2.0

23
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Sand, medinm and fine, poorly gradod,'
" scattared pasbbles, trace of,
silt mtrix.

Sand, medium and fine, poorly graded,
¢lean.

Sand, fine, cyen-grained, 'silt.y.

Sand;udim and fine, poorly graded,
trace of silt aatrix,

ﬁm, fine, even-grained, silty.

Sand, bluish-grsy, fine, n-n-zrdn-d,
vy =y,

Sand, light bromish-gray, aedium and

fine, poorly greded, silty.

Sand, dark gray, fino; even-grained,
trace of silt

. Seand and fine zravel, light btrommish-

ey, ailly mtrix,

Bualt, dn'k gray, fine-grained,
-uhite labradorits
and sany amll
irr-gahrlw shaped azyzdiles
fi1led with bdlack, greasy,
glay=-1ike sal cria.l. Ho
phenocrysta in botton 2.0 fest.

Total depth

162.5

367%5
1715

182.5
192.5

A2.5

47.5

2.5

227.5.

233.0

157.5

177.5
182.5

192.5
22.5

27.5

222.5

2440
4.0

5.0

5.0

9.0

20.0

549

5.0

5.0

55

10.0

23



The Lizht yolloxish-tvowmn sandy silty clay thab zakss up
the top L fset in crill hole Ho. S-3.1s Cinsbar silt loem. This
mterial foras & blanist over the channel varying from 8 to 18 fest
in thiciness. 5o fisld permeability tests bave been mads on ths
channed {411, but from the character of this clay 1% is estimated that

umamzaup-mmzyinmmozma'7m3nr6m.,.

per secend.

mzmmpnm-muuqmsqmunm.nw
gravels interdedded with clsan grsvels and coarss sands, interpreted
a3 cutwash gravels of tae Younger drift. Thisioess of tiwse materisls
mm;maﬁrmmmmms-zws-zumm
drill hole 5-8. Crsanawumlmormamnl:bcMnta!“
level are uthtdatoﬂy%,@mfmm&,msmtm,
_respectively, for pocl levels of 740 and 720 feet. *lmeneurshclw~
ool level 7CO fest. Thaabedzmlmumiacm,a&‘__
permhﬂ.ty variss with each bed, Fowever, the coeflicisat of perme-
amnmmrnmmnmmmumm h.:m:m
the 1ixits of 300 to 3T072 feet par secomd.

The next 120 feet in drill hols fie. 5-313“119028!&._

Some are medium-to fine-grained, pocrly zraded, and silty, and cthers
are fins, even=srained, and silty. Small amcunts of coarse clsan sanis,

™o

o
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clcen gravels, and Zins sandy gravel uith a little silty clay matrix
ars Interbedded with the fine ssnds. Mhrmtmmmtomd
in the other drill holes. Drillers' logs give the :!.mpressiamt&at
these msterials are very compact and hard. In fact, some fine sands
as "ceanent gravel." As can be seen, these materials largely £111 the
charmel, and saxs up 88, 98, and 100 per ceat of the cross sectiomal
areaofthcehmalfcr‘umirntchnhoi?lﬂ,m,mm
fast, resp ya...iva..y. AVeTage pa*mm.hty cosfficiantk of thzse hcds
uamm.tmamo‘?tozno'f‘tmmm N
If these sstimtes of the parmeability eocfﬁcicuts ot
t.hg variov;s mater-ials are of Lhe correct order, seepuxe thmugh the
charnel shonld be negligible. Iowever, before a dam is constructed,

‘extensive fleld perncability ‘.‘.:zt.a\ahonld be mde on the various fi11

mterials,
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Sumery and Conclusions

Geologic conditions in Shut-In canycn are probably suitable for
a daa in the vicinity of cross section P—Ph, figure 13, Wt fwrther
investigations are mecessary befors the type and height of daa is
gzta-uinod. Rock 1s present in the right abutzmt to over 800 feet
altitude, and in the left abutuent to about 700 foet altitude. The
preglacisl ‘channel of the Corlits River 1s cat into rock foundstion
&t the dan site to 3 maximm dopth of 192 feet. Ii 1s filled with
sediments of the Older drift, having high bearing capacity and
cozparatively low peraeability. Lesiage froa ths resarvoir aight
take place Uunraugh glacial sedimnts £illing & diversion channel
aearly 2,000 feet wide and 233 fest deep that Ly-passes Shut-In
eanyon behind the left abutment of the dam site. Botto= of this
channel 18 at 538 feel. .

4 dan t.o tor of rock in the left abutaent at altitude 700 feet
would stand 284 feet above atreaa bed and 476 feet above rock founda-
tion. It would be 1,100 fest long and would provide 914,200 acre-feet
of storeage. lowaver, for regulation of stresa flow for power purposes,
more storage is desirable. A dam with pool level at 740 feet altitude
might be feasible. Such a dam would stand 32 feet above streaz bed
and 516 feet sbove rock foundation. It would be about 1,240 fest long
and would store 1,277,000 acre-foet of water., Fowsver, before a high
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- dam, even to altituds 700 feet, is ecnaidered, additional information

should be obtained by drilling and other mesns into regard to:

1. Conditions in ami behind the left ebutaunt sbove
altitade 700 feet, extending from the cangyon wall u. fer back as drill
ole $-7, and froa several hndred feet upstrean from cross section
P-P“ to at least as far downstream as cross section 0~0'.

2, Pernesbility of the glacisl sediments £11lins the glacial
&versin shamnel.
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COWLITZ FALLS DA: SITL
12 K 1
(Figures 17 and 18)
Location

This prospective dam site is locatel at mile 8€.7 on Cowlitz
River, just south of the center of sec. 6, T. 11 K., R. 6 E.,
Willametts Meridian, Lewis County, Washingtcri. The specisal dar site

59/ Plan and profile of the Cowlitz River., OUp. cit, Sheets 1
and 7.

survey 13 on a scale of 1:2,400 (1 inch equals 200 fest), with 5-foct
oontours on land, and covers an area of about 1l acres. This map was
used as 2 base for the accampanying geologic map, figure 17, but fcr
the sake of clarity only ths 25-foot contowrs are shown. The site
takes its name from Cowlits Falls, a two-step waterfall with a total
drop of about 15 feet over a distance of about 1,000 feet,

Accessibility

Although Cowlits Falls 43 off from the beaten path, the river below
the falls i3 a well-inown fishing place, ani two good woodland trails
suitable for sutcamobile travel lsad t¢ it on the north bank. One runs
southeast from the village of Kosmos, on State Highway No. 5, to Cispus,



and 8 dranch twms south A mile south of Cispus and terminates on the
right bank at Kelly's bridge. Ancther runs scuthwest fram Ranile,
also on State Highway No. 5, to Cispus, ani thencs to ths bridge by
the route Just mentioned. Kelly's bridge is a foot-bridge sultable
for saddle horses and pack animals, and it crosses the river at the
mouth of Tummter Creek, about half 2 mile west of the dam site.
Foot or horse trails extend fram either eni of the bridge to the falls.
Nearest accamodations are at Randle about 11 miles northeast, but
more camfortabls lodgings are to be found at xonm,‘ubomthe sane
distance northwest. |

Catchment basin

Codits Falls occur about 1.2 miles below the mouth of Cispus

4

River. 7The drainage basin of the Cowlitz above the Cispus occupies adout

594 square miles and that of the Cispus about 438 square miles. These
areas total 1,032 square miles, and pot much more than 1 square mile is
drained by the trunk Cowlits between the dam site and the mouth of the
Ciepus, making the total area of the catohment besin about 1,033 equare
miles, Details of the topography, jrecipitation, forest ocover and
cultunotthmbtiliuhdmhnpono previously eited.
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Purpose of project

£/
In their report on Cowlits River the Corpe of Engineers make

£0/ Op. cite ppe 24, 31, 32.

brief reference to Couwlits Falls {n the following words:

"7 A low dam in this section fs foasible and is in-
eorporated in the power sonsiderations below in this report as
8 diveraion dax. No starage of oconsequence would be developed.®

"33, A dan 4O foet in height above bed rock would raise
the water level to elevation 800 andi back the water to the mouth
of Cispus River. It is not oonsidered desirable to reise the water
level above that elevation because of the effect on flood heights
through Big Bottom. 8Storage capacity &t site 12 RX 1 would be
small, but would provide sufficient pordage for efficient operation
of & power plant. Development would include diversion at elevation
800, with a 4-trile canduit to & point in section 33, township 12
north, renge 5 east, Willamette meridian, at elsvation 680, The
available head for power would be 120 feet."

"l3L. Estimates on the water available for site 12 NK 1 are:

.‘%'
3
¥
:
;

Drainage area, 1,032 eq. miles

oo

Run-off, average reate
Run-off, average anmual

F{ 3
Ratursl flow, 90 per csnt ef 3
the time 1,400 sec.=fte 1t 121 SOC.~fLs
Natural flow, 50 per cent of s
the time 3 3,480 sac.~fte 3 337 soc.~ft.
i

]
6.870 00C~fte 3 4eT2 BOC.~fLe
3.&.@ acre-

| £/ Annual refers to the run-off eeasan Oct. 1 to Sept. 30.
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35, Regulation of the flow at the site ocould be
soctplished with storege descridved above, as fallows:

_ Acro-feet

storage
Site 12 XK 4 35,000
8ite 12 XX 6 50,000
8ite 12 XX 7 75,000
Site 12 XX 8 90,000

8ite 12 XX 9

Total: 665,000

®Such storage could produce flows shown under repgulated
flow in the table below. With an operating head of 120 feet in
site 12 KX 1 power could be developed as follows:

s With natural flow s With resulated flow

t Second=ftes Kilowatts:Secand-fte: Kilowvatts
H 1 i
] g H
3 3
g 3
$ t

1,600 1 10,100
3,480 3 25,000
|

90 per cent of the time
50 por cent of the time

Streax gradient
Colits River i3 ungraded at the falls dus to the plunge of the strean
over seversl resistant layers of rock. Balow the falls for about half a
xilo the gradient is about 10 feet per mils. The falls ocansist of two steps
totalling 15 feet over & distance of about 0.20 mile, or about 75 feet per

mile., Upstrsam the gradient aversges 26 feet peor amdle for 2.3 miles to
mile 91, where it flattens t0 3 feet per mils for § miles. infortunately,

L

62/ Plan and Profile of Colits River. Op. oit. Shset 9.

due to wmfavorable topograrhic emﬂitim,mntuootghis stretch can
be wtilised in the reservolr of Conlits Falls dan site.

\



Vallay profile

" As &t 8o many other localities downstreanm, Cowlits River valley
at Cowlits Falls dan site prodably does not ooccupy its original
consequent valley. Consideration of the regional topography indicates

63/ Nount 8t. Helens Quadrangle, U, S. Geclogical Survey.

that it is superimposed upon a low, narrow, mrtb-pz‘ojactiﬁg spur of
Tunwater Mountain that teruinatss in a high, isolated hill occupying
most of the north half of sec. 6, To 11 N., R. 6 E. This section has
8 length of about half a mile, and & profils along the spur &t altitude
1,000 shows a shallow U-shaped valley about 1,400 feet wide and 250
foet desp, with & very narrow, shallow, ungraded gorge now being cut
in the bottame The old, buried valley lies about a mile rorth.
Cispus River probadly originally jJoined the ancient Cowlitz near the
present confluence of the two streams. Downstream fram this locality
the original trunk valley of the Cowlits extended westward fram the
senter of sec. 31, T. 12 K., R. 6 B,, along the south boundary of
the township to the 3w} sec. 34, where the active strean re-enters
its ancient valley. |

24
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Apparent possible height of dam

The omntrolling altitude for any dam at Cowlits Falls is 900
feet, and occours in & topographic saddle about a mile north of ths
dax site in SW{ sec. 51, T. 12 N., R, 6 E. If a dan were to be built
upt.othil‘altuudc 1ts height for the middle section C-D, figure 1,
would be about 150 fest above foundation. Nowever, econstruction to
this altitude {s impracticable for the phiysical reason that oonsider-
able seepage would probably take place through the ridge malkding the
saddle, for its thickness at this elevation is anly about 1,000 feet;
and for the econceic and social reasons that it is inadvisable to flood
extensively the broad flat at the junction of Cowlits and Cispus Rivers
that {s knowm locally as "The Big Bottom."™ These objections are re-
duced oonsiderably by contexplating ocnstruction to altitude 850,
probably the maximum allowable for this side. A dam to this altitude
would stand about 100 feet above foundatiom.

Conatderstions of soonamy of height of dam faver & section at the
w«wunm.mmn.u.mmm.mmucms-
seotional area indicates a section downstrean vhere the valley is
narrower, 4B or C-D. $ince the total differencs in elevation cn the
river swface for a daa above or below the falls is only about 13 feet,
mmdtbodmmmmuwmmrorthdrm&hu
appracimately half that of E-F atthe head of the falls,
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Character and depth of valley f£il11

Active alluvium in the strean bed through the dac site {s
thin and superficial, 4&nd consists of sand and gravels in transit.

Inactive alluvium oonsists of very coarse boulders in a mstrix
of coargse sand and gravel, and upstream fram the dan site caps the
bench above the river in beds up to 20 feet thick. Locally these
beda rest uypon unsorted silt, sand, and gravel, with only an
occasional boulder, that appear to be reworked depoeits of glacial
outwashe.

For the most part, however, the glacial outwash, consisting
chiefly of gravels, occuples the higher M1mu of the dax site.
A good deal of puriceous material is mixed with the drift, and
imparts & lightness to the soil that is probably responsible for
its reather permesble character.



Country rock

Bedrock at Cowlits Falls consists of lava flows and tuff
thought to be assignable to the Keechelus andesite series of
¥iocens age. Only about 200-300 feet of beds are representei,
and their stratigraphic position within the Xeechalus eeries ie
not known. Owing to the direction of dip, the oldest rocks orop
out at the west end of the dam site and one goes upward stratigraphi-.
cally, or into younger rocks, as ane moves upstrean., With few ex-
ceptions, all of the bedis are cut by a series of andesite dikes.
The lithology of the various layers is surmsrized in the following
partial section, and more camplete deacriptiéna of each unit are
then given with refersnce to their effect on the locality as a dac
site. The alphabetical designation of the units has only local
significance, and does not indicate any correlation or relationship
with beds similarly lettered at cther dam sites on Condits River.

Partial section of the Keechelus andesite
scries at Cowlits Falls dam site

Thickness
Init Lithology
Top not seen

4 Andesite, drab gray 10-15¢
Andesite porphyry, gray-green 40-150¢
D Andesite, drab green ’ 35-70
c Andaesite, blulsh-gray b8
B Tuff and agglamerate, bentonitic,

gray-green to buff 20
A . Andesite, gray &f

Total 172-317

C
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Tnit A. - The lowest member of the Keochelus series to crop
out st Cowlits Falls dan site is a thick, massive flow of dense, gray
andesite. In many respeots it is much like Unit D, but grayer. Exposures
cocur at the west eni of the dan sits, just beyond the boundsary of the map,
and for this resson the rock will not be described in detall, The partial
thicknsss given in the camposite section is only 20 feet, but the total
thickness of the flow may be two or three times as great.

Dnit B, - Immediately east of Unit A, Cowlitz River is crossed
by a comparetively thin, nonresistant layer that is expressed topograpni-
cally bty shallow re-entrants in the low but steep barks of the river.
Exposures ars incomplete, the moet extensive being on the right bank
uwxder & rubble of large, angular talus blecks that have descended fram
the enclosing slopes of hard lavas that flank the trough. South, an the
left bank, the demression i{s almost wholly covered with rounded stream
eobbles residual from the older, inactive alluvium. Search through the
debris an the north bank reveals soft, thinly-bedded, poorly consolidated
tuff and agglcmerate, with imem«uu resting eharply but conformably
wpon & local area of dip slope en the basal andesits. Colors vary frac
dright green, gray-groen to buff, with the scmber shades predcminant.
The agglomerstic facies 1s confined to the lower part of the wnit, and
ocnsists of subrounded oobbles of reddish andesits, 1 to 3 inches in
dlaneter, in & dull-green matrix of finer graine Thickness estimates
dmuwmmwormmwmtofﬁpwcaulwm
of about 20 feet.



Unit B must be regarded as a weak element, both from the
viewpoint of geclegy and canstruction enginsering. The crushing
"strength of the material 1s variable, being higher for the agglomerate
than for the tuff, and the latter, together with the bentanite, will
soften and disintegrate, or swell, when wet. Fortunately, it is nct
invalved in any prospective dam section, but it may affect same of the
appurtenant works if care is not exercisedto site them properly.

-Dnit C. = This unit consists of an andesite flow of sorewhat
variable canposition in that within its limits masses of soft rock
appear to be enclosed by harder facies, giving rise to an elliptical
structure that is sametimes developed upon a camparatively large scale.
The hard rock is illustrated typically bty a specimen taken fram near
the top of the flow at Sta. 1. At this place the rock is a very dense,
dark gray to bluish-gray lava that weathers dark limonitic brown.
Except for the thin (1/8 to 1/4 inch) orusts of weathered rock, all
of this faciee i{s hard and tough and apparently fresh, and breaks
with & hackly eonchoidal fracture. Close axsxination of freshly
broken surfaces shows only occasicnal cleavage faces of a dark mineral
that i3 probably feldspar. Swmme of the rock is cut ty very thin,
widely-spaced quarts veinlets, and cavity fillings of red iron axide
and & dull green minerel seem to be asscciated with these veinlets,
Snall blebs of blulsh-white chalcedary are alsc present,
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Under the microscopes this rock appears definitely porphyritic
in-taxture, and nowhere near 8o fresh or wnaltered as field study
indicates. Small phenoerysts of plagioclase, seldom exceeding 1.0 rme.
in length, and of intermediate oamposition, make 30-35 percent of the
rock. Most of thez are dusty with minute decamposition products,
probably minerals of the epidots group, and scxe have been replaced
partially bty calcites. No large pheanccrysts of ferramagnesiar minerals
ware cbserved, but pseudcmorphs of chlorite and calcite after pyroxenc
are wndoubtedly pressent. The grownxdrass consists of mmsrous but much .
msaller plagioclase needles, seldan excesding lengths of 0.5 ., that
are intergrown vith scaly agsregates of greenishi-yellow minerals that
probably include both epidote and serpentine. Same rude parallelisc
o aligment of the needles is discernible, but there is no well-
developed trachitic structure, &mall opaque grains of iron axide are
scattered heavily throughout the groundmass, and oontribute to the dark
ealar of the rock. |

The grounimass also eontains mmercus grains of secondary cal-
eite, some intergrown with chlorite and chalosdcny in cavities. Other
m,'mwmmxwmm. apparently have replaced same of the
ferromagnesian ainerals of the groundmass. Crude estimates by eye indi-
¢ ate that detween 5 umw of the rock may be calcite. After
obsarving calcite in thin section, tests on hand specimens with 10 per-
eent HCl yilelded vigorous efferveescence. Although a readlly solutle



aineral, very little or none of the calcite is so arrangsd as to
develop connected porosity or permeabllity, if 4t should happen to

de dissolved. Hence, the chief effect of the calcite is to contributs
an element of softness to the rock. Other than this, the hard andesite
bas no defects that make it unsuitable for inclusion in a dan site.

At the top of the flow this hard rock grades upward through
an irregular contact into a 6-foot layer of agglomerate whose top is
marked by the smooth plane of the base of Unit D. This agglamerate is
eofter than the enclosing lavas, and has a rough, hackly surface, dull
green in color where fresh and dull red where weathared, The matrix is
gamular but dense and embeds emall angular fragments of red-weathering
andesite, Chalcedony is present in sccessory awounts. In the left bank
of the river oprosite 3ta. 1 is a good exposure of an apparently similar
zass of agglomerate wholly enclosed by hard lava., This body has a length
of sbout 80 feet and & thickness of 20 foet, and the sheeting of the en-

~

olosing rock conforms to its boundaries. Such & feature oocupies approxi-

mately balf of the thickness of the wmit, whose thickness at 3ta. 1, in-
eluding the upper agglomerats, 1s about A8 foet.

it D. = Ths lower step of Coulits Falls is made by the middle
portion of an andesite flow that erceses the river nsar the center of the
dan site area, In the sequence of rock units studied at this locality
manwmtmmmmm. which makes it Unit D. This rock



is a fairly hard, tough, dark gray to bluish-or greenish-gray andesite,
with an earthy lusterless surface. This scober aspect $s relieved along
sce of the jJaints by thin bdands of bright red weathered rock, and through-
out the mass thers are nurercus bluish-white smygdslaidal blebs of finely
bandad chalcedony, white to noah;oolwod ocalcits, and close inspecticn
shows gray-green blebs of scme green mineral, protably chlarite. Evidently
the rock once possessed & eonsiderable degree of vesicularity, but most of
the cavities are nov occupied by exyzdaloidal minsrals.

Width of outerop and awount of dip indicates that Unit D has a
thickness of about 70 feot at the west end of the map arss, axd only
about 40 fest near its passage of the river near ths lower falls. The
base is well axposed at 5ta. 1, and the top portica is exposed equally
wall at Sta. 2, & short distance upstream. AL this place the upper
surface appsars to be rather uwniform or plans, dut occasionally it is
urdulatingz. Upcn it, ssparating it from the overlying flow, is a .
lenticular layer of agglomarats about &3 feet thick. Locally it is
absent, but whether this due to ercosion or to depositional Lrregularitiss
$s wnknown. The rock is soft and locally the bed above it may be under-
eut for 5 or 6 feet, Texture is fine-greined and bedding is thin and
laminated. The finer parts are tuffacecus, with only an occasional
angular block parallel to the bedding. Originally the occlor was grey
or gray-green, dut weatharing has produced ecme red colors In several
respocts the relations of this bed t0 Units D and E are similar to the
agglomerate at the top of Unit C, Contasts with the enclosing flows

mmo



Kicroscopic examination of specimens from the middle part
of Unit D shows & very fine-grained porpiiyritic rock with vesicular
structure that has undergone modsrats alteration. Fhencerysts of
plagioclse, rarely exceeding 1.0 mm. in length, make about 25-30 per-
cent of the masa. Most of the grains are of intermediate canposition -
andesins, labradorits - and are so thoroughly dusted with decaxposition
products that they are more easily visible in plain than polarised light.
The alteration products are éhiony saussurite and calcite. Phenocrysts
of fresh ferromagnesian minerals do not ocour, all of thez apparently
having been replécad. by serpentine. Groundmass material eonsists of a
closely felted mass of very small (0,10-0.15 mr.) needles of plagioclase
intergrown with scaly aggregates of yellowish-green %o green xinerals
that include epidote, ehlorite and possibly serpentine (antigorite),
and the whole {s heavily peppered with small opaque grains of iron
axides, Small grains of calcite are also present,

One of the most interesting features of the rock are the
vesicles and the amygdaloidal minerals that fil11 them. Roughly, the
cavities ococupy about 10 psrcent of the area of any surface, MNost of
thez are small; ncne cbserved axceedsd 1.5 by 4.0 mm., and they eccur
oiptutd.r 80 that connected parosity or permeadbility will not develop
1f their £11lings should be dissclved. In general, the sequence of the
£illing is: (1) a thin duter layer of calcite, Occasionally, however,
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caléito deposition ecantinued after the other minerals had been deposited
and flamboyant erystals burst through them toward ths center of the
veaicle, (2) a scmevhat wider band of brownish-green mineral with finely
banded botryoidal structures. These become smaller toward the bess of
uaexw.mnehdocmoxnuuo:wummmbm-mu
become isotropice Where interfersnce cclors can be sean, however, the
birefringence is of medium order. Exact identification of this mineral
has not been made, but it may be chlororhasite, a mecher of the chlarite
group that ¢occurs as cavity fillings in basic igneous rocks. In the
araller vesicles this mineral occupies the remaining volume of the
cavity, (3) quarts cccujdes the central part of the larger cavities,
and zmay be intergrown with calcite if the latter has broken through

the band of chlorcphaeite (7).

In sumsary, although samewhat softer than the enclosing flows
and containing possibly 5 to 10 percent of caleite, the rovk. of Unit D
is strong and tough and fully capeble af eupporting any structure that
may be bullt upon it at this site.

Unit E. - More than half of the area of the dam site, the
central and east end in particular, is ocoupied by a thick, massive
flow of gray-green andesits porphyry that makes the upper bdench of
Cowlite Falls, and is referred to as Unit E. The base is well expossd
at 8ta. 2, and oonaists of an agglamerate &4 or § feot thick. Its matrix
io a soft, dense, red-weathering material that embeds rounded boulders, .
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usually not exceeding 6 to 8 inches in dlameter, of & harder rock.

The aain body of the flow consists ef hard, hamogeneous porphyry that
yields unifarmly to river scour, and many potholes have been eut into
1t. Perhaps the most ecnspicuous feature of the rock is the numerous
large, gray, glasay phenccrysts of soned Miwhao. Sore of them are
Q.O-. long, and they may meke about 40 percent of the rock. Their
matrix is & denss aphanitic material, gray to gray-green in ecclor, with
a8 dull luster, and breaking with & rough fracture. It ias less resistant
to weathering than the phenocrysts, and the latter frequently stand in
relief on surfaces stained witﬁ hezatite.

Under the microscope the porphyritic eharacter of the rock is as
apparent as in hand specimen. Scme of the large phenocrysts have rounded
outlines due {0 resorbticn bty the mstrix, but oarrosion has not proceeded
far. In comparison with the underlying flows the plagioclase i3 remarkably
fresh, anly the outer margins showing desamposition into ealcite, sericite,
and 80 on. Xost of it appears to be labradorite. In great oonmtrast to
the phenocrysts is the plagioclse of the grounimass. Innumerable small
needles averaging about 0.15 mm. in lsngth are intergrown to make a
densely felted mass that is only relieved by the chlorite, sericite that
gives the rock its greenish calor, and minor amounts of calcite.
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On the left bank of the river, south of the upper falls and
extending southeast toward B.M. 807, Unit E appears to be overlain by
another flow of distinctly different character. If this be the top of
the flow, dip canponents projected east from B.M. 783 indicete a thick-
ness of only AO feet. However, if the dip at the upper falls 4s the
saze as in the middle of the map area, the higher flow, Unit ¥, should
go under the river; and, 4f it is less, Unit F should crop out on the
right bank. Bowever, it was not observed there. North of B.M. 785
Unit E appears to have a thickness of at least 150 feet, with the top
concealed by glacial ocutwash, These anomalous conditions may result
from a change in dip, original variations in thickness, variations in
thickness dus to ercosion, or t0 any cambination of these conditians.
The area axamined was too limited to determine the prevailing factor.

In spite of thess Lrregularities, Unit K will make a strong
firm foundation for & dan.

Doit Fe = & Sta. 4 and vicinity a finely gramular drab gray
mmumu.fumnmmummms-mmym
Unit E. The contact is exposed only over A length of about 10 fest,
et is very distinct because Unit B maintains its characteristic coarse
porphyritic texture wp to the boundary. There is no intervening bed of
agglomerste. However, the lower 3 feet of the overlying andesite is
btrocciated and fractured into a tightly bound mass of angular and sub-
angular blocks. Between 5ta. & and B, 807 the surface of this flow
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bas been sooured thoroughly by same highsr stage ef the river.
Rslief upon it amounts to 2 or 3 feet, u:dth'orockicnryrough,
Jagged and irregular dus to the emergence of many small elosely spaced
Joints. Bunercus amall closed depressions capable of holding water
are dry, suggesting high psrmeability through the fractures.

The base of this flow crops out at altitude 795 and the
highest altitude at which it was obsarved is 815, vdth the top not
visible. BSame of this apparent thickness may be due to dip, but it
48 at least 15 feot thick. Its anamalous relations with Unit B have
beer referred to under the description of that wnit. Appearances at
Sta. 4 suggeat that it 1is the highest stratigraphic wnit in the dan
site, but structural corditions indicate that smuch of Unit E in the
right bank occurs at higher altituies. Fortunately, Unit F i3 not
involved in the sections likely to be cansidered far a danm,

dntrusive rockse. - A series of dikes with a general north-
east treand out units C, D, and E, at Cowlits Falls. Six of them are
indicated with somswhat exaggerated wddth in figure 17, and more may
be present, far thay are difficult to see because of their lack of
color contrast with the rocks they out. Kost thicknesses are betwsen
2 and 3 fest. Attitude 4s vertical, and contacts are usually sharp
and tight.



The growp in the vicinity of B.X. 785 4s fairly typical.
In hand specimen the rock is gray to dull greenish-gray, weathering
brownish, with dull luster. Scme surfaces show a tendancy toward a
satiny finish dus to inmmserable small crystal faces too small to
fdentify. The texture is denss, but close inspecticn with a hani
lens shows numerous small stubby black grains, snd there are alsc a
few rounded amygdaloidal minerals.

Microscopic sxardnation shows a very fine-grained rock with

a pronounced trachitic structure and nurzercus vesicles whose longer
axss parallel the minersl grains. The bulk of the rock consists of
plagioclass needles seldoz exceeding 0.30 mm. long intergrown with

chlorite and secondary calcite. FPhenocrysts are few and oonsist of

plagioclase 2,50 mn. lang so thoroughly replaced by calcite, sericite,

and chlorite that they are difficult to distinguish wnder polarised
light. Fhenocrysts of ferramagnesian minerals were not observed,
but are probably represented by salcite pseudamorphs. Amygdaloidal
minsrals make gp sbout 10 percent of the rock and oonsist chiefly of
rediating and fibrous crusts of chlorite, with minor calcite and
quarts. Considering the rock as a whole, plagioclase makes about

. 50-55 percent, chlorits 30-35 percent, calcite 10 percent, accessory

minerals § percent.
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The dike through Sta. 1 strikes more to the east than
thoee upstream but is similar in attitude and thiciness. In hand
specimen the rock is a hard, dark gray sphanite that appears rather
fresh, ¥eathered swrfaces are thin and brown, while freshly broken
surfaces glisten with & few amall grystal faces. Mracturs is splintery
and subconchoidal. Under the microscope the porphyritic taxture is
conspicuous, with relatively large phenocrysts of fresh, clear plagio-
clase making about 25 percent of the rock, with a fow amall scattered
grains of pyraxens ard epidote. nzap-om:mu;aarelbedmsor
plagicclase and pyroxsne with few alteration products.

These dike rocks are as strong and fesh as the flows, and
do not detract fram their strength. (n the contrary, they add to it
by bindiing the layers of the flows into a single structural unit.

2t1
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Structural features

ip of beis. - A dip of about 20°, K. 45° E., was cbserved or.
Unit 4 on the right bank of the river. Mkepping on the top of Unit C
indicates & dip of 20° 28" ME, with a etrike of K. 72° 30" w. At 5ta. 2
& dip of about 35°, N. 45° E., was observed on top of the agglomerate
separating fiows D ani E, but is not regardel as reliable because of the
irregularity of the agglamerate. Dips could not te observed withir the
danm site area east of B.. 786. However, about 1,100 feet upstrear froc
Bek.. 786 exposures of andesite and agcloamersate have an apparently hori-
scntal attitude, and & short distance farther upstreax (southesst) the
dip is apparently 4° or 5° southeast, but this may be & component of the
northeast dip at the dar site.

Joints. - Genaral considerations of the joint problem in volcarnic
rocks at dan sites have been discussed in preceding sections of this
report (pp. 1197122), e procedure of describing joints bed by bed
was also applied at Cowlits Falls.

Unit C appears to be cut by at least five sets of joints. Cf these
the "bedding"” joints are the most praminent and result in & rude sheeting
spaced at intervals of about 6 feet, that parallels the top and base of
the flow, They are the only type of cooling Joint observedi. All of the
others are of tectonic origin. One well-developed set strikes K. 52° w.,
and dips 60° 84s These fractures are persistent and are usually spscel
at intervals of about 3 feet. Another set of sharp, clean persistent
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fractures strikes N. 26° E., and dips 65° Es. In the vicinity of Sta. 1
this set has been cut by the joints that control the line of dike
intrusior, N. 66° E., vertical. More infrequent than any of these are
clean, sharp nonpersistent jJoints striking K. 15° W., with & dip of

45° 2. ' '

Unit D 48 cut bLy three sets of jJoints. All of thes are tightly
closed, irregular ani nonpersistert. Locally individual surfaces are
axooth, but on the whole, they are rough ani hackly. The principel
set in this bed is vertical and strikes N. 52° E., paralleling the dikes.

 Spacing is about 2 feet. Their conjugate set, cutting the dikes, strikes

K. 65° « 70° w., and dips 85° Sw. Spacing is at intervals of about 6
feet. less well-developed, to the point of being indistinct, are a
poorly developed set striking K. 3° E., with dip to the west.

The relationships of joints to dikes are best displayed in Unit E,
4n the vicinity of B.M. 785. The dikes hers vary in strike from N. 55° -
65° E., to N. 35° B., and are vertical. (m same of the joints the strike
$s undulatory. Faralleling those striking more to the east are non~
persistent fractures spaced at intervals of 4 to 6 feet. All of thex
are tightly closed, and same have been ssaled with thin veinlets of
chalcedony. Camplementary with these is another strong, sharp, persis-
tent set striking M. 50° W. Dip varies from 85° Sw through vertical to
75° ME. Bpacing averages about 2 feet. Movements of small but variable
amounts have taken place along same of these joints, and are particularly
noticeable where the dikes have been offset. Usually the horisontal dis-
placement does not exceed 3 feet. A few dikes exhibit evidence of



tonsimalk stress along their strike boforc they were offset. A third
set of infrequent ocourrerce strikes N. 7.° W., dips €5° 5., ani cuts
the set that offsets the dikes.

Atsu.s,enth-hrtbanknmthoun;wxmortbenap,a
small vertical fault strikes N. 35° E. the maximm displacement
cbservabls 1s about 7 feet, with downthrow to the Me&sﬁ. This
fault does not appear to cross the river, and sincs on the basis of
strikke it seems to fall into the joint set conmtrolling the trend of
the dikes it is mentioned here rather than ssparately wrier the _
heading of Faults.

In sumary, the master joints at Cowlits Falls ars a conlugate
pair, one trending K. 35° - 65° E., and controlling the dike intrusions,
and the other striking N. 50° - 52° W., ani scmetimes offsetting the

dikes by & fow feet. These, in conjunction with the others, cut the

rocks into rhombdbohedral blocks of variable dimensions, but probably
averaging 3 or A feet o a side. .

Ground-water conditions

Surface indicatiaons of ground water were negligible at the tire
the dam site was visited, and were confined tc & few &call seeps frem
detrital materials where in contact with bedrock.



Permeability

¥Most of the flow contacts, vesicularity ani joints in the rocks
at Cowlits Falls dam site have had a previcus permeability, but are
now sealed tharoughly by chalocedony er other secondary or amypdaloidal
minerals. The only flow observed to have & high permeadbility is Unit 4,
which 1s not invclved in any dax section. Hence, under the conditions
of & low-head dam, permeability of bedrock will be a minor factor.
The coefficient of permeability (X) for the site as a whole will
Mums:m'emmxw'etm per second.

Dax sections

Thres cross-sectional profiles of Cowlits Palls dam site are
o on figure 18. Section A-B may be passed over becsuse of the
weak foundation condition resulting from the presence of agglomerate
bed B, and the unknown character of the section below Unit A, Section
E-I' may be condamad on geologic grounds because of the unsatisfactory
character of Unit A. Ry this process of elimination, section C-D
remains as the best secticn available at this site.



At altitude 800 the width of open valley an section C-D is about
265 feet, but the distance betwoen the bedrock walls, or the length of
orest of dam would be about 280 feet. The additional length is through
a thin mantle of glacial outwash on the left dank, NKaximum height of
daz above foundation to altitude 800 will be 55 or 60 fest. Cross-
mtimlwotmomvmqiammt.mmtm,mée
total erooa-;oocticnn.l area, incluiing the filled and submerged portions,
is about 6,400 square fest.

For a dax with crest at altitude 850 the width of open valley is
about 430 feet, and the distance between the rock walls about 475 feet.
This additional length is through glacial outwash on doth banks. Cross-
uctimlarso:theopennnvumn.mqmrm.mtm
total cross-sectional area about 24,200 square feets

 Poundation consists of the tough, partially altered andesite of

Unit D; and there is at least 80 feet of sound rock to the structurally
MW@I&M& Unit D, overlain by the thin agglomeratic
base of Unit B, makes the left sbutment; but all of ths right abutment &s
in the andesite parphyry of Unit E. Because of the thiciness and attitude
of this flow (or flows) the right sbutment is considered to have scmewhat
greater dearing power than the left abutment, which oconsists of thinner
beds and dips into the walley. Inmpvbtbmwthomlmﬁtoattha
base of Unit B will bave to be removed from the left abutment.

For a high dam, crest altitude 850, the most econczical spillway
soction will probably bs over the left abutment; but for a dam with crest
at altitude 800, the best spillway is probadly over the right abutment.

e " WEAT N EPTTIWLYD Shvtettracmaae o~ -



Geology of reservoir area

The reservoir of Cowlitg Falls dam site is eomparatively small,
and its eapacity is very limited. 3ince the dar is intended for
diversion rather than storage this lack {s not a aritical matter.

Nith pool level at altitude 8500 water will back wp only about 2,500
fest, or to mile 89.15. ﬁithig this mll area gealogic problems are
essentially the same as thoee within the dam site, and there is no
possidbility ef seepage frcm the reserveir. This condition prevails up
to about altitude 820, Nowever, with pocl level at altitude 850,
probably the maximm possible, water will back up Condits River for
about 4.4 miles or to mile 93.1, and wp Cispus River to mile 1l.2.

Camparatively little is inouwn about the geology of this besin.
Andesites of the Keachelus series make wp the bedrock, and they are
Mcwwnmmuku,utwmatmomnumother
localities domnstream. Heavy deposits of Pleistocens drift and out-
wash rest wnconformably upon the Tertiary lavas and imtrusives.

In the preceding section descriving Cowlits River valley at
Cowlits Falls (p. 246) the statement was made that the original trunk
valley of Cowlitz River extended westward fram the center of sec. 31,
T, 12 ¥, Re 6 E., and that this ancient valley, now buried, lies about
a nile north of Cowlits Falls dan sits. The upstream awmctension of this
old, deeply filled valley underlies the enlarged reservoir area of
Cowlits Falls dam site, and perhaps is its most eritical geclogic
feature.

D)
(B ]

).



o
LB
1Y)

Reference to.Sheet No. 3, Plar and Profile of the Cowlitz
River, suggests that there is 2 possibility for seeraze from the
reservoir through the permeable surficial fill ef the buried valley
unless there is scas impermeadble condition extending northward from
Hil1l 1502 to the south-projecting spur capped by & amall mound rising
Just above altitude 980. The argument for the existence of the buried
valley procluiu'thc cxiatenc; of a buried rock ridge urder the narrow,
flat-topped saddle a0 well defined by the opposed 900-foot contours.
Hence, if an impermsable barrier exists it must dbe of sedimentary
origin and related to the valley fill. Reservoir waters will have
access to the £ill materials as they will be raised approximately
15 fest higher than the present stream surface against the bluff
eut into glacial eediments that extends in a N-S direction through
the south half of section 3l.

If soopage can ocour bdeneath this saddle when water is raisel
against it to altitude 850, topographic and hydraulic eonditions
suggest that its outlet might be under the saddle in the ridge on the
right bank of the river near Wt cor. sec. 6, T. 11 N., R. § E. River
altitude Just south of this locality is about 767. Oround surface
in the saddls above the river stands slightly higher than altitude
880 feot. One seismic measurement was made in this area, Exact
location was 250 feet east and 2,100 feet south of the northwest
oorner of eection 6. From the results, ¥r. Shepard calculated that
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bedrock is 96 fest below the ground surface or about altitude 785
feot. Consequently, with pool level at 850 feet, the Nydraulic
gradient through the outwash deposits would be about 1 on 77.
Even though only 15 feet of water were raised against the f£ill,
sespage oould take place through a permeable £i1l1 on this gradient
for the path of percolatiom fs enly 5,000 feet in length.

| The remaining possidbility of lsekage is that percolation might
occur along the axia of the buried valley, the water re-emtering the
river scuewhers in the vicinity of the elbow in 3E: sesc. 34, T. 12 K.,
Re 5 B., where ths altitude of the river surface is 695, or near
mile 85, near the center of sec. 3, ¥. 11 N., R. 5 E., where the
altitude of the river surfacs is 715. In either cass, the length
of the path of percolation is about 17,000 feet, and the hydraulic
gradient to the locality first memtioned is about 1 on 110. Seepage
along this route, however, will probably be negligible.because the
width of the divide at pool level elevation of 850 feet is approxi-
aately 7,000 feet.
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Suxmary and Reccmmendations

-

Cowlitz Falls dam site is suitable in every way for a relatively
low diversion dam. Cholce of section i{s C-D, figure 17. Rock
foundation 1s at shallow depth. |

If the pool level is restricted to altitude 800 feet, all condi-
tions affecting comstruction are comparatively simple, and the problem
of leakage from the reservoir does not exist. B8uch a dam would stand
about 50 feet above rock foundation and would have a erest.lmgth_ of
about 290 feet.

If social and econamic conditions permit, the pool level might
be raissd to altitude 850 feet. The dam would stand 100 feet above
rock foundation and would have a crest length of about 475 feet.

Under these conditions there would undoubtedly be leakage from
the rourvodlr through alluviuwm and glacial deposits filling the pre-
glacial valley of Mta River., Hence, if the enlarged project is
ever seriously considered, sufficient data should be obtained to
estimate the gquantity of sespage loss and the seepage velocities
developed in the more permeable beds. This would involve exploraticn,
probably by drilling, of the saddle in section 31, T. 12 N., R. 6 E,,
to determine the depth to bedrock in the preglacial valley and the

character and arrangement of the fill materials. The saddle near the

Wi corner ef section 6, T. 11 N., R. 6 E., should also be drilled to
deternine the character and arrangement of the glacial depcsits over-
lying bedroeck.

21
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TILTCN DAM SITE

rgemmmmauumama-nnmmm'm
Tilton River, 2.0 miles above its mouth, in REISE) sec. 34 and
SELEWL s80e 35, To 13 Fep Ra 2 Euy 7aMay Lowis County, Tashington.
A portion of the river mp, which is cn a scale of 1:24,000 with

64/ Plan and profile of Cowlits River, mile 42 to mile 97,
Cispus fiver toad.lo}.z and Tilton River to =zils 19, “ashington,
Sheet 1.

a 0=foot contour interval, was anlargod toa sala of 1:12,000
(1 inch equals 1,000:«:) for use as a base for thomanpnst.xg

‘gwbgicmy,ﬁgmm. rcrttnaakootchrityonly]mtoot

eontours zre ahomi.
Accessidility
A gravelad road leaves tals lishmay Fo. 5 at Silver Creek, runs
mtnﬁalmgtmmbmkofmmntamyato Harmcny btridze

and thance soutimard to lossyrock where it rajoiéa State fichway Po. 5.}

Bear the leff abut=ent of a tridse over which this road crosses the .
Tilton River, is a logging road thit follows up the lsft bank of tbe
Tilton River for 1.17 miles and ends at the lower mrzin of the area
coverad by the ‘iam site mmp. The rirght abutaent of the dam sita can
be reached only on foot. It is a distance of about 13 miles from the
sraveled read te the proposed axis. {

21
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Purpose of project
TYater power dsvalopment is the priusry purrose f{or a dam at

this site. Zstimates of water availabls ares

Orainags area, 153 sq. zmie. Total for basin Per 3qe al.
Runoff, averags rata 732 second~fesi 435 aeccnd-Test
Runoff, average anmual ictal 566,300 acre=Iset

A high dan at tayfleld site would back mater over this site, thus
reducing the haad availablas for the production of power. If the pool
lavel in Iey?ield reservoir stood at an alititude of 400 feet, backe
watar over Tilten usits would have a depth of acrroxizataly 25 fest.
Flold work

Ae Fo Bgteman, Jr., made a geologic reconnalssance of the left
abutzent of this site on april 21, 1548. The rizht abutw&'.m not
visited, but was observed at ahqrt. range froa tbo’ opposites bank.
Rocit exposed in ths box canyon eculd not be examined becsuse of hig!s

watar.
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Drainage area of the Tilton River basin above this site is
aporoximately 158 sq. ni..; Averagze discharge at a. gaging station |
in SW}.sec. 26, T. 13 Me, Re 2 E., WM., about three-fourths of a
mile upstream from the dam site and about 1,000 feet downstream
from the mouth of Cinnabar Creek, for the ysars 1942 to 1946
inclusive 1s 782 second-feet. Laximum discharge of 9,350 sooond-
foet for this period was recorded on Tovember 23, 1942, and a
mini-um discharge of 66 second-feet on September 11, 12, 1944.

Fo tritutaries o‘t any size enter tha Tilton River bstween the
gazing staticn and the dam site.

'Strm gradient
- Average gradient of the river through the daa sits, as deter—
mined from sheet 1 of the river survey, is 1.5 feet per =ils.
In the reservolr, the stresm cradient la 54 foet par mile for
3.} alles to the point where stresn bed reaches an altitude of

550 fest.



Yallsy proills
The Tilton iver flows in a rarrow, vertical-walled box canyon

tzatl has been cut into the boitoa ct & glacisted valley that has a
typical rounded profils. A cross profile i3 shown on cross section

', figure 19. However, Lhe river map froam mhich the profile mas
made 1s on tco small a scals L0 saow clesrly the narrow, box~-liks
character of ths lmner forge. rom stream lavel, the roek nll:‘rist’
vertical 1y to narrow. bcachuonei.thor side at altitudes of 485 to 500.
feet (Zar.). From this lavel, the left mall riszes somewhat more gently
| to a flat bench about 1,000 feet wdide at an alfitude of 570 feet (Bar.).
Cn its inner margin, the bench is 580 feet (3ar.), fmwﬁch‘point the
valley sall rises steeply to the top of a small conical hill about 8CO
faet in altiluds. At the upstreaa margin of the bensh, rahtionahﬁ.;:a
betwesn bedrock outcrops and outxaah zravels of the Younger drirt :ug—
~ gest that a buried channel lies beneath the bench. Tiis chamal tns been
" sketched on cross section R-R', although drill bolas =ill be x_‘eqnirui
to prove iia presencs, to deturmine the altitude of its roc’& floor, and
to establish the character of the materials filling it. The right dank
alopes atesply from ;n.nai-ro- Bench at 500 fest to a broad bemch at
about 650 fest that covers several square milea betueen the Tilion River
and Y111 Creex. A buried channel, possibly the preglacial channe? -*
the Tilton River, nay lie behind this abutsent, Zetalled geologic
field work will be necessary to locato the course of this channel, if
it ia present, and drilling =11l no doubt be required to outline its
cross sectional form and determine the charscter of materials filling

ite



e

Apparent poaihh hedght of dam
Cn topographic ground, the maxi:um possible height of daa is_
lixited by the bench behind the loft abutment. Surfoce of this beach
on ita river side is at an altitude of 575 fnt., cr approxizately
20 fast abovc streas level,
.
Character and depth of wlley f11
AL th. dan sits, the Tilton River flows on bedrock. Active
llluvinn consisting of boulders, gravel, md sand is t‘d.n, and during -
periods of high nte;lpreublr:wptwmoptforthphrgc
boulders. Above bedroek, the ground surface of both abutaents is
underlain by outwesh gravels and sands of the Yowger drift. Composi-
tion and arrangesent of the materials f1lling the one or mors buried
gorges are uniwm.’ Howsver, the relationsiips of the various glacial

, depouits o the buried gorzes of the Cowlits River and the rumercus

oceurrences. of Shut-In glacial deposits throughout the Tilton River
valley, suggest that the gorges are at least in mrt filled with
Shut-In glacial deposits of the Older drift. Aibout 1,000 feet down-
strean from cross section R=R', fisure 19, these deposits are exposed
along both banks of the Tilton River, <cee—plvr—}. iere they coasist
chlefly of glacial clays and silts with interbedded sands and cccasione
al beds or aasses cf till.

275
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Conztr} rock.

Bedrock at Tilton daa site is thought to belong to the Xeechelus (?)
andesite series, but its stratigrarhic position within the Xeechelus
is unknown. About 190 feet of strata are exposed. Cince high water
prevm;od entrance into the cayon at river level, and tize was in-
sufficient and equipment inadequate to atiempt sceling the canyon
walls, rock in the box canyon was obsarved from the south rim only.
From thias vantegs point, it appsared to be zads npotannn‘urvo:
andsaite or basalt flows, Agzslomerate and tuf? beds were not seen,
but may be present. The flowa appeared tidck and msasive. In the
110 foot elirf arzme. the right wall of the box canyen, only two -,
flow contacts, nnarated by a massive flow sbout 25 feet thick, could

@

be asde out. Rock along these contacts was altered to a brizht red. ‘
VAt the rim of the canyon, a hard, massive, dark grsenish-gray andesite |
is exposed. In general, the rocks appear sufficiently hard and firm '
and the flows sufficlently thick and cessive to furnish adequste
| foundstion and abutzents for a dm. |

Structursl features

ggogb .-Co...pon«rtdlponthcna'eontamexpoaadin'
the box eanyon is 4%, s. 75° ¥. To obtain a trme dip, entrance
must be msde into the canyon.

~
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Cround water conditions

Surface indications of ground mater are confined-to small seeps
at the contact bataeen bedrock and the overlying glacial deposits of
the Tounger drift. lovessat of water is toward the river.

- ' .
Permsability

For ‘all practical purposes, bedrock is impermeable to secpaze

‘m.apt. along flow contacts, through vesicular zones in the lava, and

along joints. A dotalled exmmination of the rock exposed in both
atutzeats wuld be necessary in arder to mie an estimte of the

quantity of seepaze through these festures. Although the flow eon-. g

tacts vere not exanined at cloas range, one could see that a zone

from cne to two feit thick at the top of the underlying flow had

°

been baked, oxidized and altered. In color, these zones are bright
Ted to reddish-gray. Thqlm protadly rather permeable. Cn ex~
posed rock surfaces, joints are spaced at intervals varying froma
few inches to several feet. Host‘ot them ars tight, but aon? are

open froam 1/32 to 1/16 inches. At a short dcpbhbcloiﬁmaurfm"_

the Joint openinss are xrobably leas, and seepnge is prodably rather

‘amall. The permwatdlity of all of these features could bs greatly

reduced by pressurs grouting.

27
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Dam section

aatailadtopcgraphyofth-daaaiumianadadtosal&h

the zost econcmical dam section. iowever, from inspection in ibhe

fiald, it appesrs that a choice of section i3 limdtod to a shert
Mafmmwmmtdmeiwcw-
from coss section R-R', Tigure 19.

Atutosents

The abutzenta, consisting of those pertions of the valley mall
above rivsr suriace, are ciaracierized by massive flows of the
Zoochelus {7) andeaite sarfes. In the left abutmect thuy are sxposed
from river surface o an altituda of 568 fewt, and in the right atut-

| ment to a slightly hizher altitude. at least two flow comtacts have
been distinguished in the right abutzent. Thedr true dip is not inown,

but a comronent of the dp Is domnsireanm at a gentls anglo. Searing
caracity of the tmo abutnerts i3 essantdally equal, acd probably
adequtc.foranascnry dan of elther graviiy or arch type. m,‘
belore any conclusions are mads, the thicikness 'c_r rock supporting |
each abutment must be dstormined. Therefore it is izperative that
the courses of the preglacial Tillon Hiver and any other buried
valiays in the vicinity of the dam aite ba established. Tilciness
o2 rock behind cach atutzent =ill also affoct iia permeatility.
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Poundation .

—~

The stresa bed is relatively free of send and sravel deposits,
30 thedr stripping will be & alnor construction iteme Rock in the
nn-y_.nwuamzmutmm,'umamumm'm

Ralght and length of possible dsa

Accurate figures on the heizht and langth of a posxibls dam
cannot be obtained without mre detailed topography. Housver, data
availsbls indicates that the maximum reserwir elsvation at an alti-
m#S?ant-mhobuindbyam@rmtmmmﬂ.’
Soth adutments, however, would rest in part upoa glacial deposits.
wdth of valley at this altitude is apsroximtely 650 feet.. Maximm
beight for a daz mith both abutments on bedrock is about 175 feet
above strsam bed at an aliituds of 550 fest. idth of vallsy at this
altitude is about 575 fest, but after stripping, the length of dam |
wuald de 450 to 750 feet in length. iidth of the box canyon whose
rizs are at 485 feet is estimted £t 150 feot. The maximum reservolr
level very lilkely will depend upon the character and arrangement of -
glacial deposits filling the buried valleys. |
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Reserycir area

Therumoix;arnisccnﬁ.mdto'amnllay. Baclcsaler .
bebind a dam 175 feet high would extend upstream for 3.4 milss.
Area or_ the marmir i3 estiomied at 130 anrea, and capuity from
73500 to 10,000 acre-{oet. o0

1ittle is xnowm concerning the zeclogy of the Tesservoir area,
except that the lower three=fourths of a mils appesrs to be entirely -
underlain by outmash zravels and sands of the Younger drift. The
prezlacial Tilten vallsy, and possidly other filled valleys that
mmngwlinagt,mdoubtwthopmmlqwmm
shere within ibis stretch. Hence, opportunities for leakage from -
the resarveir would be atundant. [owever, concluaicns as to whether
laaitage would be of sufficient @ant;tytocanao excassive reservoir
Joss or to remit in conditions thl;baradaxzm from the stande
point of stability miot await further, mors dstalled geolegic
iétestigatiom, supplamented by drilling and permeabilily tests.

~
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Conclusions

Geologie reconnaissance indicstes that Tilioa site is probably
suitable for s meoconry dsa about 175 fest high. This would require
8 crost’ langth of approximetaly 650 feet. The most critical facter,
with respect to the safety and utility of a dam at this location, is
leskags {rom the reservoir. It wlll require further, sore dsuiled‘
gedlogis investigations ‘ ’ . -

Storsge capacity will be nagligible. & damat tida m- might
well be considered as a supplessmental power project, in cise a dam is
constructed at Sesr Canyon site with sufficiant reservoir ea;pacitr““
t§ control the streaa. A das at this site wauld flood Cooper Creek -
des site, @ that both could not be constructed.

If a dam is bHulld at Mayfield sits on the Cowlils Ri';or wth
pool level at an altitude of 420 feet, Tilton site will be flcodsd
to & depth of about 45 feet, leaving & usable head for generating '

elsctric power of 130 feet.
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CCCEER CRZIZX DAM SITE

Iccation

mm&aﬁuhmadm,mmmih
T41ton River, 4.0 miles above its mouth, in ME: 3e¢. 25, T. 13 Re,
Re 2 Buy Weds, Lowis Coumty, ;ashirgton. A section of the river

65/
map, scals 1:124,000 mith D-foct comowr intarval =as photostatip :

65/ Plan and zrofils of Cowlitsz River, =ile 42 to mils 97,
Ciapnséx‘iiva' to mils 32, and Tilton Fiver to ails 19, Jashington,
sheet be

cally enlarged to a scals of 1:12,000 (1 inch ecuals 1,0CO fest) to
serve as A baze for the accompanying zeclogic map, Sizure 0. ?or'.-
the sake of clarity, only 1LXC~-foot.contours are shown. .

Accesadibdlily

State Highway No. 5K ia an all weather, mfnc;q'mgnny that
runs from its Jjurnctlon with U. 5. Highay To. 99 cire miles southeast
of Chehalls %o ilorton. From a8 point on this hizluey 1.5 miles east
of Cinnabar School, & logzing road extends scutinmrd for 1.0 oiles
t0 an old semmi]l setiing on the brink of a canyon ilmough which the
Tilton Eiver flows, :Ircm the sawmdll, it is a hike of about 2 quartar



o:adhmmuppéme:wmgum The precipitous
rock mll of the canyon mkses descant to the river level rather
diffieult. The left abutzent can bs approached by auto cver &

mmmtmmmamaﬁm,ed&m%mﬁm

farm in WASW sec. 30, T. 13 N.p Re 3 Eup Tolle Fruzh.mdof '

the road, a hike of adout one zils brings one to the rim of the
eanyon overlooking the daa sits. Descsat to strean level is ine
possidble on the lsft bank throughout wost of the daa aite ares
because of the vertical camgyon =xall. Haam,omcancuébdcm

» to river level at the downstresn edze of Lhe area shown on the

gnblogicn.p, figure 20 , and then make his way along the stresa
upstrean as far as the right-angls bend in the river.

-

T | Purpose of project

&tmdmhmhhtmmmorjmu '

tids site. Sterage far flood control is & secondary or additional
festure. dster available is slightly less than at Tilton dam site
because Cinmabar Creek enters the T{lton River betwsen the two sites.

Mscharge of Cinnaber Cresk is unimown,

28



233y, PLATE XVIIT

LOOKING UP ROCK CANYON AT COOPER CRZEK DAM SITE FROM RIGET
BANK OF TILTCN RIVER JUST UPSTREAM FROM RIGHT ANGIE BEND IN
COURSE OF STREAM, FIGURE 20, NE#, NE, SEC. 25, T.13 N.,R.2 E.

Cooper Creek enters Tilton River as waterfall on left wall
of canyon. Rock extends approximately 200 feet above
gtream on left bank and 70 feet on right bank.
Photograph by A.F. Bapeman, Jr,




2834 PLATE XTX

LCOKING UP CANYCN AT COOPER CREEK DAM SITE FROM RIGHT BANK
OF TILTON RIVER AT WEST EDGE OF DAM SITE AREA
SE#, NWZ SEC. 25, T.13 N., R.2 E.

Photograph by A.F. Bateman, Jr.

~




N
@
o

Figld waric

A geologic reconnaissancs of the right abutment of the site
wa3s made by A. F. Bateman, Jr., on August 2, 1943; ard. of the laft
abutment on August 5, 1948. .

Catchmant area

Drainage arsa of tha"riltmﬁim basin above this site is
150 square miles.

Streanm gredient

Average gradient through the dam site is L4 feet per mila.
In the reservoir area, the siream gradient is 31 feet per mile for
12 miles above the dam sita, at»}xnhpmzwemwisatan
altitude of €40 fest. Ths downstream porticn of ths resarvoir that
lies between the dam site and Bear Caryon dam sits has the rather
high gradient of 45 feet per mile.

Valley profils

Tarcugh Cooper Creex dam site {or a distance of slightly more
than half a mile, the Tilicn River flows in a deep, narrow, rock-
walled canyon {see pls. XVIII and IX). Profiles ars shown <n cross
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sections 5-3! and T-T!, figure 20. These profilss were mads from

the river map which iz on too small a scale to zhow the box-like
character ef the canyon. From stream level, the right bank rises
atavﬁvmm-:awwzwfwtuamub;mhmﬁm
outmash grevels of the Tounger drift st an altitude of 880 fest (Bar.).
Top of bedrock exposed in the canyon wall is about 576 fest. Another
small bench cut ih zravel is at 800 fest and a considsrably more
extensive bench st 8% to %00 feet. (Sar. altitudes.) Froa this

"Wbm;mmmunmwmulﬂ.ozm ™is hidl

is separated from the vallesy wall by a flat bench area avoud three-

quarters of a mils wdde at an altiiude of 940 to 960 feet. From this,

the vallsy »all rises steeply to a high bensh at 1,400 to 1,500 feet

-altitude, and from there, to the regional sammit level of arcund

3,500 foot. |
" Between Cooper Creek and a point about 500 fest downstream from
thlrigmmglob@mtherim,hmrdmedtouthﬂl
*elbow®, the laft benk rises about 150 feet above the river in an
alzost verticsl rock wall. Above this, the ground surface is under
lain dy glacisl deposits and slopes stseply to an extensive bench
at an altitude of 1,000 fest. Farther downsireaa the canyon wall is
rot S0 ateep and is broimn by a small beneh at an altitude of 470

feet. The high bench at top of the canyon wall is at aliitude 920,

28!
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Several undred yards behind the ca:vun rim, a staep slope extemis
%o a kigh bench at an altitude of 1,200 feet, underlain by outmmsh
gravels. . |

ﬁpparaﬁ. possible haight of dam
Cn the baxis of topography, the maxizun altitude to which 3 dam

could be tullt i3 about 900 fest, Helzhi above stream lsvel is
aporoximataly 425 feet at cross seciion 3-3?, fizure 20, and 410 f2et

- at croas section T-7Y,

*

Character and depth of vallay £111

Thrunghw‘;. tha dax site arsa, the Tillon River flows on rock.
Active alluvium i3 confined to the stresam channel and consista of
scatiared boulders, and amall, 1solatsd patches of gravels and sands
varying in thiciness fronafew‘i;cm%afewfm. Juring high
mater stages of the stream, most of this alluvinm is washed axay, ~
and new material Jdepoaited as flow decreases, thus lessening the
load=carrying capacity of the streem. |

Abtove bedrock on alther side of the canyon, ocutmash gravels
and sands of the Yourger drift completely cover the area. The buried
sorgs benind the risht abutment is no doubt filled in pert by ShmteIn
glacial deposita of ths Clder m. The local character of thls
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satarial 43 uniown, Altituds of the contact between the StuteIn
deposits and ths overlying entmﬁ gnvelsiaalao.mﬁmm. ™he
ngswm,‘mm,mmmmmma.sin
ths ShuteIn ares, and has been discussed in the section on Shut-In

3-

dan site.

Courtry rock
Bedrock at Cooper Cresk das site is thought to belong to the
Zeechelus (7) andesite saries, Atout 350 foet of strata consisting
of andesitis and basalils lava flows, xith intarbeddsd flow contact
sgglomerates, ars prgs:nf.. Thelr atratiszraphic poaition wdthin the
Keechelus (7) urias'ia unknomn. o detailsd stratizraphis secticn
s asesured. momutmhévpmatthoentmdo:mida
mmmwommmwummm
stream. ILack of time, and the precipitous character of the canyon
nnmmdmtbmacme{ymmﬁmotm'm There
a;pearsd to be thres types separated by conspicucus flow contact sones.
Uit A, = The lowsst unit in’exposed along the floor of the
etnsou from the vicinity of cross section S-3!, f{igure 20, upstream.
for about 1,000 feet. This unit 1s comosed of & thick, massive,
basglt rigw or floms. Color of the rocik is dariegray with small
flocks of white and eolorless materials. The rock is hard, tough,

\and!nsafreahappemncc. Zxamdmation xth a hand lens shows a
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very fine, dense, grourximass, encloging small lath-eshaped phanocrysts
of plagioclase faldspar, seall, rounded, colorless masses probably

 glass, and occasional dark-green to black,zinute phencerysts of a

ferrcmagnesian minsral. At tha top 43 a zone several fest thick that
is vesicular amd agglameratic in charactar, amd that is much br‘dan
and jointed. This zane has been softensd samewhat and altersd in
calor to a reddish-graye. Total thickness of Unit A is not known, but
is probably in sxcsess of 100 fset. Jairts are rather widely spaced
ard ca the surface ere comparatively tizht. This member 1is a stromg
unit with adequate bearing caracity for a dam fcurndation and abutments.
This recic has a rather distinctive aprearance, and for t;xis
reason, it is belisved to correspend to Unit C at Shut-In dam sitas.
Unit B. - Overlying Unit A is a flow, or seri;s of Nows,
estimatad to be &0 to 70 feet thick, that crops ocut aleng the stream
bed in the vicinity of the elbow. Color of ths rock is clive-gray to
brownish-gray. It is tough and fairly hard. Under a hand lens, the
groundmass appears fine-grained, but crystalline. It encloses many
small bricke-shaped to lath-shaped phencerysts of M&h&a faldspar
from cne-sixteenth to one-eighth inch in length, occcasicnal shart, |
stubby thenoccrysts of a dark-green {erromagnesian nmineral up to one-
fourth of an inch in length, and small blebs of glass., This wnit may
cantain more than one flow, but no flow contacts were ccserved., Joints

are rather clossly spaced, but appear fairly tight. At the top is an



szzlomeratic zone about 2 feet tirck that is considerably Joimted -
and broken,. Thitpmhwmmswﬁm,Mincohrmsbm-
sltared to & rediishgray, Dearing capecity of thls uwnit 13 adecuate
for 1% to sarve as a foundation and alutzsmis for a dem, tut 3z close
Jointing prevent its being considered strong from a structural stande

polnt.

" . Unis C. = Overlying Unit B 13 & darigray, aphenitic bemls
that erops out along the streaa bed starting at a point 200 feet up=
mmﬁbnwmwMMngtwatlaﬁm!mfm.
This rock has also been fhund in the lsft wall of the canyon at a
nﬁmdﬁ%ofé?gfutmthabdofthsallwuat
enters the Tilton River at the "elbow”. Cc«mnqnmtly,thhm
‘has.a total thicknese of not less than 175 foet. Therever seen, this
Tock has had & remriably fresh and homogeneous appearsnce. It is
very lard, dmse, and breaks with a concheidal fracture. Under a
hand lens, no individual mineral grains can be distinguished exxent ’
_for a few mimuts, latheshaped phenocrysts of plagloclase faldsper.
Jointing is rather closely spaced, with intervals ranging from 6 to 18
inches, On the surface, joints are open cne-sixteenth of an inch o
less, Uﬁtéhaadghbadrgmw,mmofiujom
could not be classed usvstrorg structurally. Ha&u‘, it should de
adequate as a foundation and abutaents for a masomry dm,



'Stmcwml:ut.m-u

Dip of beds, = Jownstreas froa the "eldow*, the lava flows
eposed in the malls of the canyon have a component dip of 6 to 10
degress upstresa in.an apmroximste direction of ¥. 779 E. A true,
dip and strike have not been deternined.

Folds. = About 200 feet upstresa from the "elbow® cm the right
w.uamnmuclimmowm:n@wﬁqt‘o:m'ﬂh, |
figure 20 . a.d-mw.mtnnbdpzf,s.afw.,;mﬁua |
. esst limb, at a slightly steepar angle, approximetely east. An
accutate determinetion could not be obtained.

doints, - Time was not mifficient for a study of tis joizts in

the lava flows. W,u;m,mgppwhbdj‘wkaym‘_

mqmmqmmhtmnmmmmm;mm-
ummmmmmmumm« Spaeing
ofth‘joiﬂbamioadththarock. Intblhrd,hdtth,ﬁno—gr&irud
M,Jom-mi:gisuchuuhhéimm,mmhgbbehu
-nnuéi.nchabylfmbylroot. In the other flows, spacing ‘
is grester, giving blocks of considerably grester volums. lost of
the joints are open a fraction of an inch on the surfscs.

Cround water conditions

Surface indications of grcund water ccnzist of a seriss of smll
seeps at the contact between bedrock and the overlying glacial derosita.
tiovement of sround water appears to be from the valley walls toward the

river.
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Perasability

 3ince tie rock compesing the lava flows in the foundation and
muﬁadaatwismhmww,m
will take place through joints, Zlow contacts, and vesicular zones
at the top of inidvidual flows, Upstresa IfTom the “elbow®, stresm
flow is sprroximstely erallal to the strike of the {lowa. Hm,..
zaximm opporfunity will be afforded for entrance of ater into the
flow contect wones and bedding joints of the right abutment, Downe
streans from the "eldow®, siresm flow is probably alxat perpmdicular
to the strike of the bedding.

Data available on the spacing =nd wddth of joints are mot sufff-
clent to permit an estimate of permeabiliiy of the varliocus rock units.
In general, however, permeability due to joints will probably be
" considerably higher for Unit C than for Units A and 5. Jolmt opeaings
appear to be of sufficient size to permit pressure grouting.

Zuing the recormaissance, only t=0 {low contacts were cbserved,
namely, those between tha threerock units. Zach of hiuse euxt.acts,
togsther with the vesicalar lava at the top of the lower flow, forme
apemblemmnzmkgmmlck. Thel.cmzompumb@th‘
the floor of the vallay downstream froz the "slbow®, but ithe uppsr mone
i3 at or near stream level for several hundred feet above the ‘slbows
hence, 1f tids portion of the canyon is flcoded, conditions will be
created in the rizht abuisent faworzble for a hydraulic system whereby



aat.arcoddmtertmépmimnavcp'm zone along an extensive

~cutcrop near river lsvel; rise along this zone to ihe surface of bed=

rock; and then eontirue along the contact betwesn rock and the overe
lying zlaclial deposits. Top of rock exposed in the risht bk of the
river in the lower part of the das =ite ares 13 at an altituds of about
560 fsst. If the rock surface contimies nortimerd behind the right

abutment at this aliditule, the parvicus flow contact zome would intere

sect it apprexizstely 1,000 to 1,200 fset downstreaa from the intais
area. FPereclation path along ths top of roek from this point into

" Cinrabar Creek mould be about 3,500 feet. A slightly shorter distancs

»

would take 1% back inte the Tilton Rlver. -

dors dstailed geologic investigzations may stow that the major
units are composed of a muber of indlvidal flows. However, if this
13 tre, the flow contacks are jrobeily Lhin and relstively tizht,
as they wero too inconspicuous to be noticed during the reconnaissance.

23¢



P

~

Dan section.

mﬂd topogrephy of the dﬁaitom 13 needed to 3elect
the wst economical dan section. However, frou the field recomaissancs,
1tapwa§mtu~mstp§$o£thomgnu Mmmm&h
of Cooper crnkqm;pm-mmrmmmm “en‘aw".

Abutasnts

The term abutaart is upd to include the valley wall above the
river :mri‘no. At Cooper Creek dam site, the sbutnents are composed
of tassive baselt or andesite flows of the Keechelus (7) andesite -,
min,thtmofgr}idc&mmw,immmmuw
surface for any type of dam. The slope of both abuiments is very steep,
and the ampunt of talus 1s small, Fock is exposed cn the right abutment
mmm.maumlmwnnmvwmfrmﬁozmu.
th;uppcmdofthcdanaita;mtoésofa‘tatt.hnlowerm&. In
the left abutzent, rock is exposed in & nearly verticel cliff extending
from river level to an altitude of 635 feet at the mouth of Cooper - -
Creek, 670 foet at the "elbow®, and 670 fect about 700 feet downstreas
fron the "elbow®. rIva this point on downstresam; the top of exposed
rock is slightly over 500 feet. However, isolated exposures at altie
tudes of 800 feet and $€7 fest (ses fig. 20 ) suggest that rock ex=
tends to considerably hizher altitudes all along the lefi atutment,
although it is covered with an unknown thickness of Younger <rift.



Poundation

Active alluvium in the stream bed oceurs in thin, isolated
patches. In the upstrsam half of the dam site, bodrockin the
foundation is essentially the same as that exposed in the abube
mentse In the downstreaa half of the dam site area, L’nitAis‘ :
exposed along the river bed. If: (1) ths correlation of this unit
with Unit C at Shut-In dam zite 13 correct, and (2) the stratigraphic
 columm remains essantially unchanged over the intarvcningdiatam
of approximately five ailes; Unit A i3 underlain by a series of
coarss volcanic agglomsratas,

Height and lanzth of possibls dam

~

Sufficient storage capacity t:o control the Tilton River and
provide the maxizum aversge flow through the powerhouse aould ra-
quire the hishest dam posaibls at this site that was ohysically
safe and economically feasidle.. Accurzte data on the lengths of
dam required for various heights cannot be dotermined withcut a o
detailed topographic map of the dam sits areas. The following data,»
although taleen from the river noap which is on too smll a scale
for accuragy, is the best ayailables
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Altitude Crose section S-S ‘  Croes ssction T-T9
of Height | Zstimated Height
Crest above Length | length above length
bed stripping bed
§ Testk | Toot | Teek | feot foot | Test
900 L2 | 1600 M1 | ase o
85%0 378 -850 361 pTX: o]
8C0 328 670 ja 130
620 208 430 520 - -
. 550 - - r~ & 225

1

S0 far as is mow inown, the mﬁmnmzudoor’m fora
! dam anchored in rock en both abutants is 630 feet at cross section
S=S' and 550 feet at cross section T-T'. The right abutzent is the
critical ares. Bedrock in it may rise to higher levels under its
sover of !oﬁngcr drify, but nn'?{hu', mers detalled geologic 1nvut:!.- ‘
gation, possibly supplemented by drilling, sill be necessary to \
make certain of this point. '
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Reservoir area

For the first three miles above the dam sita, the reservoir
area is confined to a narrow, steep=walled canyon, but f{or the
rmdiulmgthuaainamt-bottmd,sw
valley from 0.25 to 0.6 miles in wldth. Storage capacity and
length of reservoir for varicus pool levels ars as follows:

A ]

Pool lsvel Length Area  Starage capacity
f;t | __g__ig ac;ea acrs:i‘eet
900 14425 3,750 479,600
850 12.7 2,860 317,400
80 104 2,150 192,200
750 8.5 ‘1,450 102,300 .
é€0 6.0 T 629 29,100
5% 14 50 1,840

Upstream from mils Ho. 7, gfswfam on ths river totioa
would be imundated by the reservoir. Timber has been pretty well
cut off, except for a few small patches on the steep valley walls.
Yo mineral deposits of economic value ars known. Stale ﬁgmay
Toe 5K would have to bs relocated through part of the reservolr area.
Two miles of road would ba flsoded by 2 pool level at an altitude of
680 fest and slizhtly more than 10 miles by a pool lovel at an altie-
tuds of 9CO feet.
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Geology of the reservoir area is inown only in a very general
way. Lava flows and flow sgglomerates of the Zeechelus (?) andesite
series underlies the entire reservolr ares. From the dam site to
d.hm.?,tharhurnnuinacmumparimeduponthalm
bnnkofitspraghchlnlhy Throughout apst of this streteh, ‘the
rlvehumtmmu,ctnp—nllodcamimobodrock. Upstrean
from mile 5. 7, the present valley coincldes with the preglacial
vallay, and the strean flows on the flat surface of glacial debris
that partly £ills the old vallay. Depth to bedrock throughout this
stretch 1s unknows. ; - | ' o

MQotlahg?ﬁmtherumhthroﬁghmm K
gravels and ssnds o,_f t.ha Younger drift overlying bedroek benind the
right abutment and tiwough the sediments £illing the preglacial
valley. The smount of sespage depends on the permeability of these
sedinents, ﬁo croass~sectional area t!mough which seepags can take
Qhu,.mmmmm,mmomotmpamorpeﬁohm
At present, the exact location, sizs, altitude of bedrock flcor, and
character of materials filling the preglacial valley are unknown.
Fowever, an estimate of ths altitude of the rock flcor can be mede
by prolection from the confluence of the preglaem mt.énand(:owlitz
Nivers thought to be at about the same location as the junction of
the present streams. By this means it is estimsted that the floor



of the valley beaind the rigat abutment of Cooper Creek dam sits

13 betweman the altitudes of 200 and 250 feet or more than 200 feet

below present stream level., Materials £illing much of the channel
ars probably Shut-In glacial depoaits of ths Clder drift overlain

by ocutwash sands and gravels of the Younger drift. Frem expnrimo
and from comparison of these sedimants with others whose pemcabil:‘.ty'
has been determined by laboratery and fleld tests, it is estimated
that the Shut-In depcsits have relatively low coefficisnts of rerme-
ability ranging Zrom 3 x 1070 to 3 x 107 fest par secand, xhereas the
cutwash has wedium permeability ranging from 3 x 107 to 3 x 107 fast
per second, althocugh some individual beds may have a pemeabmty' as
high as 0.5 to 3 feet per second. ZRsservoir waters will havs accesas
to the preglacial valley fill in the valleys of Alder Creek, Dear
Canyoﬁ, and possibly Shaﬁnan Creek (ses river map). The path of

percolation from Sherman Creek to an cutlet in Cimmabar Creei

is about cne mils and frem Bear Canyon to the same ocutlat about .
two miles. Consequently, before a daciaion i3 made aa to the
maxizum possible reserveir level, it is imparaiivo that: (1), the
altitude of the ccntact between the (ldsr drift and Younger drift

be determined; and (2), a profile on bedrock exterding from the
river to the main north wall of tha valley te made. Detallad
geolegic werk may suffice, or supplementary drilling =may be requirsd.



cauinaionp

Geologic recommaissance indicat.cs.that Coopar Cresk dem sits
is sultable for a masonry dam. Maxima reservolr level depends e
mtbnumdootbmkumﬂght;bm,mdonm
wsmmmmmmmmz msbchindtharight
abutment. Por purposes of flood conirol and maintenance of an
admtcmurormmducﬁon,apoollenluwanuu-
' tude of 900 feet a3 possible s desirable. Howsver, bedrock in
the right abutment is coveresd by cutwash zravels above an altitude
ot680fm. A dam with a pool level at this lsvel would be 430
foet long, but would impound only 29,100 acre-feet of water.
Jetalled geologic -n;'k, perhaps supplemented by drilling, will
-be necessary to decide the maximum feesible height of dan.
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BZAR CANICH DaAM SITE

Iocation
3
The proposed dam site is on the Tilton River, 6.5 ziles above
its mouth, in HEASE} and SEANE: sec. 19, and SHANW: and NWASH see. 20,
Te 13 :qo, Re 3 Eo, :‘?ogo, Lawdls cm, Wﬂo AS a base f@éét}'
accompanying geologic map, fizure 21, a pcrticuo: the river map,

46/ Plan and profila of Cowlits River, mile 42 to mils 97,
Cisptuéﬁiver to mils 32, and Tilton River to mile 19, ‘ashinzton,
shest 6. ?

scale 1:24,0C0 with a contour interval of 20 f2et, was photostatically

enlarged to a scals of 1:12,000 (1 inch equals 1,000 fest). For the

sake of clarity,onlleOfcot.ccnw:rsmsimmthigeologump.

Accesaibility

~ State Highmay Ho. 5K, an all weather, surfaced road, which runs
from its Junction wdth U. 3. Highway ¥o. 99 nine =miles southeast of
Chehalis %o orton, sidrts the right atutaent of the dam site. An

"auto can be driven from the higimway domn a side road to the farm

house shown on the dam site map, figure 21. In dry weather, an auto



~®

can be driven scuthward from the farm house over a truck trail to
the north bank of the Tilton HRiver near B,M. 624, ZExtending south-
vutum-d from the farm house 1s an abandoned road, nc longer passable
wawtm,tmm”mmdlmtmlamgthoupporodgeofth‘
rightabumm:zﬂo;x@meen. Rmthopropouddmaxis,
cross section U-U', figure 21, a trail descends fraam this rcad to
the river. In 194€, cne could cross to the lar't abutment on a

larges log during low stages of the river, C(therwlise, the left abut-

ment can be reached only by a hike of about 1} miles across country
fram the upper reaches of Cooper Creek in NEANE: sse. 31, T. 13 H.,’
Re 3 ., deMe, which are accessible by autc from Harmony.

-

Purpose of prroject

Water-power development is the primary purpcss, and storage
for flood control a secondary reascn for a daxm at this lccali£ .
Water avallable is slightly less thaz at Cooper Creek dam site,

since Cooper Creek, Sharman Creek, and Bear Canyon sntar the Tilton

River bdtwéan the two sites,
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Tield wark

A geologic reconnaissance of this site was mde by A. F. Datemen,
Jr., on August 1, 1343.

3

Catochment area

Jrainage area of the Tilton Fiver basin sbove this sits is
_ aprroximataly 142 square milss,

Strean gzradient ny

Average gradient of the stream throuzh ihe dam sits is 30 feet |
per mile. In the reservoir au;ea, the streax: gradient is 27 teet per
mils to tho head of ths reservoir where stream bed 1s ai an alti?.udi
of 840 feet, a distance of 9.5 miles.

Vallsy profile
" From Yorton domstreas to Alder Creek, ths Tilton River flows in
an open, wide=bottomed valley from one=halfl to three-=fourths of a mile
#lde. (See "atonville quadrangle.) Setween Alder Creek and Bear
Canyon, the valley is blocked by a3 mass of glacial debris which has



-

forced the river into a rock canyon at the southern odre of the valley.:

’thaleftulloft..iscamnrim steeply to the top of exposed bed-
rockatalut.ndumryimmnWStoaootm,andtmmnona
=:ore zmlo slope to a high bench at 1,300 feet that forms the region-
al sumait on the south side of the river. The right bank also rises
steeply to the top of exposed bedrock at an altitude of about 700 faet
where thers 13 a narrow bench, Above this, it rises on & more gentls
slope to the rounded sumdi of the mass of glacial debris at about
1,300 fest. A low saddle separates this hill from the main wall of
the valley which rises stecply to ths regicnal sumzit level of over-,
3,000 feoet. Domtremn from the dam site at the mouth of Zear Canyon,
& bench underlain b;; outwash gravels of the Tounger drift and the

Older drift is developed on both sides of the river at altitudes from

620 to 630 feet.
: The preglacial channel of the Tilton River almost cmaiixh lies

. behind the right atutasnt, of the dam sits and bensath the masas of
-

glacial debris. Its exact location, xidth, depth, and the character-
of £111 materials is unimown.

Apparent possible height of dam

On topographic grounds alone, the maxi=um possible hd sht of dam
is in excess of 400 faet. ‘

30
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Character and dapth of valley fill

Through the dam aite ths Tilton River flows cn bedrock except
fcr a thin and rather patchy veneer of active allwim.mada up of
larg; boulders, zravels, and sards. Prcbably ths greatest thickness
of alluvium 45 lsas than 10 feet. The slopss and tenches above the
rock walls of the canyom are underlain by entmh ’g'ravels of the
Toungar drift, as is shown o cress section U-U? and the gsologic
2ap, figws 2. _

Shut-In glacial depcsits of the Glder drift partially 111 ihe
psglacial chammel of the Tilten River that lies benind the right abuf.-
memt. Aliilude of the bedrock floor and altituds of the contact between
the Clder d4rift ard Younger 4Arift are unimown. However, about 1,000
fost dcwnstream from cross section U-U' where the Freglacial valley
Intarsacts ths prescent valley of the Tiiton River, ties Clder drift is

found on both sldes of the river up to an altitude of about 615 feete.

For the most rert, il is zade up of outash gravels and sands that
are very hard, dense, and compact. The gravals :are a fairly mll-
graded mixture of rouxied, stream-worn boulders, cobblas, and pabblés
in a matrix of silty, slightly claysy sand. Weathering is about the
sare a3 in similar deoposits in the Cowliiz vallsy. 3Similar deposits
oceur in ths right bank of the river about 1,500 fset upstream from
ercas section U-U', whors the preglacial valley again intersects the

rresent valley.

D
O
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Bedrock at Pear Canyon dam zite consists of lava flows belonging
to mhat 1s thought to be the Keechelus (?) andesite saa-ica. About
250 tm of strata are present, but no detailed smtimphic section
hu bun:ulmod. m,mumuauuﬂlythu same as at Ccoper

‘Creek dam site and are thought to correspond to part of the strata

«xposed at Shut-In dam site. About 3,500 feet up Hear Canyon from
its axouth at the east abutment of a tridge over whieh State Highway
Ko. 5 msm this streszam, sandstonea and shalea of tha “Mma ?u.,et 7
group are «xposed. The exact location and the character of the con=
tact botween these nannmta and the Wiocene wolcanics i.a unimown, ’ |
The nearest exposurs of the volcanic rocks is 0.7 miles eastward

along the highway (see figure 21). Time was sufficient for only a
'\m exaxmination of the volcani; rocks. The following types were

ews ) )
_ Onit A. - The oldest unit is exposed along the bed of the
Tilton River downstream froa cross section U-U', fizure 21. Top of ,- |
the flow is from 3 to 8 feet above stresm level at an altituds of
about 590 feet. It is a massive, hard, tough, dark-gray basalt.
Zxazination with a hand lens shows small lath-shaped p!xu:;)msts of
plagioclase feldspar, rounded, colorleas masses ot_ glass, and
scattered, dark-green, Aext.rmly smll phenocrysts of a ferromag=
nesian mineral exmvedded in a dense ground. At the top of Unit A is
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a turned and reddened flow contact zome fram cne to two feet thick.
This is a strong unit, only moderately jointed, with adequate bearing

 capacity to serve as the foundation for a dam. Unit A is tentatively

corrslated with Unit A at Cooper Creex dam site and with Unit C at
szzur.-in dam site. !

Unit B. - Overlying Unit 4 along the right bank of the river
are 6 to 8 rfeet of light-to medium-gray volcanic agglomerates that
vary in texture fram fine to very coarse, All thases contain many

ves':c"s » same of which are empty, and others rartly or whally
fillad with silica. Eecause of the staep cliffy charactar of the
north bank, the top of the agglcmerates was not seen.

Unit Ceo - A tough, fairly hard, medium-gray basalt or
an:iaait.o, with a distinct brownish shads acd a resinm:s appsarance,

crops out alcng tha scuth bank in a cliff acout 20 fzet high with

its top at an altdiuds of 700 fzet. Neither top nor bottcw of this

it was observed, but it is stratigraphically hizher thanlUnit Be -
Under a hand lans cne sees many brick-shaped plagicclase reldspa;- .
phenocrysts up to cna-fourth of ‘an inch long aet in a.kfine but ‘_
crystalline matrix. Bearing capacity of this unit is adequats for
it to serve a3 atuiments for a masonry dam, although it is sczewhat
mcre jointed than 'Jnit A. This unit is believed tocorrespond to

Unit B at Gocper Creek dam =ite.



tnit D, -~ Overlying Unit C is a medium-to dark-grsy,
hard, brittle, highly Jointed basalt that has a faint suggestion
~of flow structure. RNeither the top nor bottom of this unit was

_ seen, Highest obasrved cutcrop was on the scuth bank at an alti-

tude of 833 feet. Under a hand lens ths groundmass appears dense
wvith a few scattered, x;lmxf.o. lath-shaped phencerysts of plagio-
class feldspar. Jaointing reduces the strength of Unit D, but even
80, it has a hizh tearing capacity and chculd serve adequately as
abutments for a masonry dame Unit D is belisved to correspord to

Unit C at Coopsr Creek dam sits.
X

SKtructural features

Dip of beds. = HNo accurate determinations of the strike ard
‘dip of the lava [lows were cbtaincd. However, the strata appear to
be about horiszontal or elss dipping downstream at a very =mall angls.
The Eocene. sedizents in Bear Caryon dip 32°, N. 10° . :

Palds. - A mall syncline was cbserved cn the right or north
bank of the river about 400 fest downst;'lean from cross section U-U',
Beds in the east lirb aip 9°, N. 22° w., and in the west lizb 11°,
N. 61° B, _ |

Joints. - Jc;j;nting appears to be about ths same as at Cooper
Creek dam sits. Time was not sufficient to permit a study of ths

Jjoint systams.



Sroundswater conditicns

A few small seeps wers observed on both baniks of the stream
at the contact between bedrock and the overlying glacial dépos:l.t.s.
Lovement of ground water zppears to be toward the river. ’

Peraeability

Units A, C, and D are practically impervious, but Unit B is
slightly m;-o permeabls so that. a smal) amount of seepags might take
place through the body of the rock. Yost of the seepage, however, .,
will take place alopg Joints and through flow contact zones. The
flow contact zons between Units A and B is from one to tao feet
" thick and has the appearance of inng permeabls. No doubt siumilar
flow contact zones sevarate Units B from C and C froa D, although
they were not seen during the recomaissance. JSince the flou
ars approximately horizontal, a\:xaxi::n intake area is. presented .
to the resarvoir waters by ths pervious zones. . ater pa-eolau.ngA -
through the flow contact zone between Units A and B and through
Unit 3 will be subjsect to the full hydrostatic head of the reser-
voir. Presaure zrouting should reduce the permeabdilily of these

2ones and of the joints considersbly.
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Dam section

A detailed topographic map of tha dam site area is rsedsd to
selact the most eccnomical dam aectiqn. However, the character of
the topograpny is fairly accurately reflacted by the river map,‘even
though it i3 cn a2 =mall scale, It appears that tha teat secticn

‘would 1is within a stretch of the river vallsy extending from 500
fast upstream to 400 feet jownstreanm fram creoss section U-UY,

Acutaents

Ths abutments, which include the vallasy walls above stream
lavel, are ccmposod- of the flow agglarerate of Unit B at the base
‘overlain by the masaive flows of Units C and D. ALl ars of suffi- -
clant strength to fwrnish adequate bearing for a dame Rock in the ‘
right abutzent forms a steep cl\iz‘.f. extonding from stream lavel té- an
altitude of about 700 feet. Cn the left bank rock axtends to a maxi-
mum height of 833 feet, This bank is steep and the higher slopes ars
cliffy. The amcunt of talus and slope wash 1s relativsly small,

though the rocks are considerably jointed, especially those of

Unit D, there i3 not much lcose reck that will require scaling down.



Poundation
Active alluvium in the stream bed is thin and discontinuous.
Unit A'makes up the rock floor of the valley. It is a strong uait
th adequate bearirng capacity to serve as ths foundation for a

dan of any type.

Hleight and lenzth of possible dam

To provide maxi-mm average flow for power production and
maximam control of the stream would requirs a hizh dam at this
site. However, bedrock is covered by éutnah gravels of the
 Younger drift above an altitude of\'?'OO feet on the right abut-
ment and 833 feet cn the laft aluiment. %hether or not bedrock
extends to hizher altitudes under cover can only be dstermined

by drilling. In the following table is shown the wddth of vallsy .

for various heights of dam:
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Altitude of Hedght above

Crest streaa bed -Length Remaris
foot foet Leet '
900 315 1,200 Top both abutaents

in outwash gravels

850 248 1,000 Top both abutments
in outmsh gravels

00 a5 800 South abutment in

750 185 650 South sbtutment in
- POCK

<0 115 500 Both abutmenta in
sock

Reservoir ares

- ~

~ The reservoir includes thesa;oarauCooperCreokmmir

upstrean from mile Bo. 7. Starage capacity, area, and length of
reservoir for varicus pool lavels are as follows: N ‘
Pool level Length « Area’ ‘ Storage capacity .
f:t _g:g » a—cm : lcro-;ect
%0 1.7 3,240 391,200
850 10.2 2,440 252,100
80 7.9 1,820 145,600
7% 60 . 1,185 70,450

0 4e2 669 21,200

~
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Zconamic factors and general geolozic conditions influencing
a reservoir at this lccatioh are dis.cusaad under Cooper Creek
Reservoir arsa.

ﬁ'fha relationship of bedrock to exposures of ths Ol.ier drift
at Sear Canyon dam sits suzgest that the dam site 13 located in a
superimpesed valley cut bty the Tilion River acroas a bedrock spur
extending northward into the preglacial vallsy. If thia is true,
the preglacial valley protably liss cnly a short distance beaind
the right abutment of the dam aite. Jufficient detailed geclogic
field work has not been done to outline the course of the sreglacial
channel or to determine its size. 3y projecticn upstream from Cocper
Creek sits, ths altiiuda of its rock flcor is estimated to be between
250 and 300 feet or about. 300 faet belcw present stream level,
Glacial debris filling the chamx;l consists of Shut-In zlacial

Ldeposita of the Cldsr drift coverlain by cutwash of the Toungser drift.

Altitude of the contact between them is uniknown, but prebably not
less than 615 faet since this is the top of the Older drift exposed

_at the mouth of Bear Canyon. At this locality, Shut-In depesits

consist of ve£7 dense and campact cutwash gravels and sands whose
coefficient of permeability probably is not more than 3 x 107 feet
per secord. Farther upstream, the Shut-In deposits conaist mainly of
glacial =ilts ard clays whose permeability ls scmewhat less. The
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outwash of the Younger drift is much less compact and 2uch mere
perzsablees It is well-exposed in the bed of a small, intermittent
strean about 400 fest upstream from Bear Canyun where it consists

of mediua-to coarse-grained, clean sands intarbeddsd with many layers
of fine, clsan, sandy gravel, a few layers or coarse, clean, undr

"ravel, and a few thin beds of glacial silt. 4n average coefficient

bf permeability of the mass would probably lie within ths ranges of
3x107 to3x 1072 reet per second. Hance, seepags from the reser-
veir\dllbomta#tota’ﬁ phcodongthocmtmbctmtbo
Clder and Younger drift ani through the lower part of the Younger ‘
drift. Reservoir water can enter these sedizents alang the vallq, ,
of the small creek at the eastern edge of the dam site, which is

wderlain by Younger drift. Path of percolation from this intake to
an outlet in Bear Canyon is appruximately 3,500 feet.

13

Caiclusim.

Geclezlc recaumalssance of Bear Canyon dan site indicatss tbat
1t 1s sultable for a masonry dam. Rock ia present in both abutments
to an altitule of 700 fest. A dam to this altitule would be 115 fest
;n height abovs stream level, 500 feet long, and would provide 24,000
acre-feet of storage. 'Fér strean control 'and regﬁla:iiax of flow for



power purposes, mich core storage is desiradbls. lowever, before a
higher poocl level is considsered, information smust be obtainsd in
rezard to the following items:

o ae Profile on ths bedrock surfa.ca .'m ard benind  the
rigat abntaent, i

b, Physical charactwisﬁu, espoéially pearsesability ‘
of the cutwmash depoalts overlying bedrock in the right atute-
oant.

c. Location and size of ths praglacial vallay of the
Tilton River.

d. Physical characterist.ica_, especially permesability
of the materials filling the preglacial valley.

. | This ;ntamtion can be obtained by a dstailsd geologic examie’
- nation of the right atutment froam the river to the main rock uall of
the valley, and a reconnaissance of Rear Canyon and the valley of ~

* Alder Creek. Orilling, no doubt, will be required. Permsandlities
ox’ the various sedinenta can be determined by ficld tests in comec-

t.,.on with drilling and supplemental laboratory tests.















