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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
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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-si<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>