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Oeologlo features of dea aites in tto 

BahaleaD* Rogoa* and WiUawtte River basins t 

Oregon ( 1935*̂ 97 

by 
ikrthur M. Piper 

;itotrodQetlo& 

ISiB ireeent report eos^iaee brief deeoriptions of geologie 

features at 19 potential dam aites in the R^ialemt Rogost and WiUaaette 

River basins in aestem Oregon. 'One topography of lOieae sites and of 

tito oorreaponding reserfoir sites «as aapped ia 1934<i3d under an alio* 

wtion of funds bjr ^ ^ PiSblia Woxics Adainiatration for river^ti l iaation 

aurveys by the Ooaaervation Breneh of ttie TMtod states 0«>l^ieal survey. 

f!ie field program ia (^gea has been under tiie inosediate oharge of 

tu 0. Eellai^. 

fhe 19 dam aitea are distributed as fellova: three on the Schalea 

Bivert OSI HbB aoat or Peoifie slope of the Oregon Ocwst Saags; four oa 

l i t t l e Butte Oroek ai^ two ea svaae Oreekt tributaries of l^e Rogue River 

ia the eaatora part of the Klaaa^ Mounteiaat four ea the south and 

Middle saatiaa Rivers* trilMtaries of tlM WlUaraette River froa the wst 

elope of the Qasoade MoimtaiBas aoA six oa tributaries of the Willeiaatte 

River frem «ie oast olope ef the Ooast IteAge. 
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Oa tiie Kiddle Saatian aad South Saatioa Rivera* the Oaseadiat 

Oreeapeter* aad saeet Snae aites have been atadiad iateaaively by the 

lAiited States Bagiaaar Departaaat* tfioaa aork iaoluded exploration hjr 

diaioo^«drill helaa md teat pi ts . Iheir aeneluaiona as to geologie 

featurea are given la a report by ifoEitriok Jl/ aad have beaa ravieaed 

}J IfoSltriek* W. £• * Geology of dan aitea jpn ^g7 Berth* Middle* 

aad Soutiai Santiam Rivers JZOBL ttj(7 Oalapooya River t I3ar Depairteent* 

Tirat Portland (Qregoa) Diatriet* typearlttea report* 44 pp. * aaps aad 

aeetioaa* 1986. 

by the i r i t e r . ^ Data fraa Idiis aoto^e luive been uaed freely in the 

Jj/ Piper* A. M*» Geologie oeaditioas at eertaia dean aites in th» 

WiUanette River Baaia* Qregoa: U. S. Ooel* Burrsy typeurittea report* 

pp. 175-185, , Juaa S8* 1987. 

Aiaeuaaiaui of the respeotive aites ia this irepox^ (i^. 45, 61, 76). 

Ihs pepobablllty of deatruative earthq.uakeB ia the regioa appears 

to be small but is not negligible. Pradoaee auggesta that any hlg^ daa 

tiiould eobody featurea to aasure atability agaiast moderately atroag 

oarUi aotimus. 
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•aoitBuatOA t*ttt^"^'"^*^'fl'B * ^ ^ ^ jcaaiaaa iCt^ta^epoB af 

Vcoa 9%xf% JO :tOQs 'iiBua edete j e ae^oo ein i(t««ao(l a%va ein t * AOOO O% 

A « n x «T t l *9tl8 'BVP 9 ^ " > ^ toaa^i^saaop Joiijc e i^ JO iipa^ U<>I ^ ^ 

UO ^ a & | s u a ^ e %ne edoxo 'TiSattnii %99j 3 so T^ROB a« stusaSajgc paa XTJttuB 

oi«t«Ba<l MTuap a aaaVSOBBOO xp|iia •y(i^o* 01x100x04 TB^asoSadE^ MutooO 

•iSBsran edoto eift fnaauoq taniai iat itcasinutt 

%m, o n BwtM ajcB%oa<xj( a e t i ^ *atT0 B « 9 0<t% %« as««o|uaa SUOIJCM J » m%x 

a aq item sues 9 ^ «maoxt<^u jcaqt^jajt .XOAIJC oqt j o esjcneo at^ S 9 G » X O ^ 

**S Q09 *H^TJ(t8 e t i eanvoes •̂ tniB»OTX^>T9 0X(l«T0ejeiIdu i n i * tX^nJF « "I «B^OS 

ein %9^ iCxdmi aoJBi^aaj esain XTT 'P^UTOIXl* o^« aaoaxd^ esRia %9 pua 

peaodiEneep twiasmea ftzu Xxaoumoo seouj x f e ^ mx? *8aoxta«ai(P ruiaAaa 

Ul jExdoeta MXUB^I po tx i t M O asioox^ ô % Jo £xam anoa aoatoa^jc a i in ox 

•MSSOOSM ot 9«i(8aJC0 î {i{9n0iX0tn 'T 3|0oz ein JO era>s laaeTtosTV iSBma ox 

aeaatoajcj-aaoxo peaado iCx^ox* M tao of :|0oi ain XX* sojntoaf j inav 

oa^ aaain aeoatoQ *%X9S,9 %B9J qg %tio^ 9m t m n pm *a ÔA *H ̂ OA 

^noqB d |p t a in e» i a t aa j j oat M, patoeaxq a% x^^aawaO. 9«xpeo«aZ ein Q| 9a4X<>M 

•î op ooasodxa ain * « a ^ *aaoa aniveaaj x^foux^sS e«n 9mx9 txasa^ ein 

UX eoaxd u a ^ OAUII %9m ae^uaiio ox9oxad(oaxn ot pua 8edcatoa.ij o t 9axao 

• ^usotMB til^T' P » QOXtavimoj axqata itx<<|9tto'o<lt W VX^T' « V^ojjf 

ot t o a azaadda t f •^toAaaos ' in^cmna Svfqsadta i(9|^ wm otxa map xxoaof 

oqt t a poaodxe ta<lt n i|oaa 3|ooi 0|UBOXO4 xat«sBSM^«mi aawa 
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Hale dam aite aad apHlaay aite 

ff^iaraeter apd exteat of tjhe bedrook unite.* At the Elsie dam 

alto (pi* 8 ) * threa distiaet bedrook ualts may be diserimiaated* ahi«h 

Plate £•• Geologie map of ttie Slaie dam aite* Nehalem River. 

differ greatly la perviousaoss and beariag poaer. Ia order of iasreasiag 

geologic age* these iaolude shale* a aoa-fragmeatal voleanie rook 

(basalt }• and fragiMntal voleanie rooks (basaltie). 

The ehale ia thinly looiaated* bluidti gray ia oolor ifttea fre^» 

Of oxtramely fine grain* and moderately indurated. Doubtless it is 

oaseatially impervious and relatively loa ia beariag poaar. Ia part 

it is soseiAiat elayey and probably is plastie if aat. iThere exposed at 

the land earfaoe it alakes and weathers deeply to a yellowish broaa 

olayey soil, ihe ahale is known to exist at four places along the left 

(east) bank of the atream* as follows: (1) in road outs 80 to 80 feet 

above tiie river near the dovnatream edge of tiia mapped area* alhere it 

dips 80^ B. 40^ W. I (S) at the Inner edge of the flood plain about 

480 foot dovastraam from the lias marked "AB" oa plate 8* where it is 

aearly horiaoatal} (8) along tha 440»foot ooatour 100 feet upstream 

from the line iB» ia a teat pit for a pier of a hi^way bridge that is 

to be ooBstruet^; and (4) at tha iaaer edge of the flood plala «a»out 

800 feet farther upstream* lAiere it dips 80^»9G^ S. and ia not olearly 

ia plaee. Except in the eaatral part of the aite* altmg the line £Bt 

this ahale la laferred to uaderlie the -voleaaie roeks beneath all the 

area ^ a t is shown oa :^ate 8. 
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10 

Oie froffasatal voloaaie roeka* of whieh all axa baaaltio» <»varlia 

both the ahale aad the dike of aoa-fraffwatal baaalt aad ara balievad to 

form a aheot as aaMh aa 885 feat thiek over moat of ttie area ahom oa 

^ t e 8. They raaga widely ia ilqraieal eharaeter. H I U S * oa the right 

(aaat) baak of the river they are massive aad m e ooaposed of a relatively 

daaae basaltie matrix ia ahieh are ai^bedded fragsseats ef basalt as mnfh 

as 8 feat aoroas. ihere* they form a aub^-vertioal bluff from 100 to 160 

to9% h i ^ aad 80 are believed to be fairly rigid and to have moderate 

beariag power. Alao* they probably are aot highly pervious except for 

ftraoturea. Oa tftw opposite or eaat aide of ̂ e river* oa the other hand* 

these rooks are daoidedXy iaferior ia beariag power aad ia part are 

matable aad probably peFrioua. Ihara* tiiay iaolude t (1) aoarse basaltie 

t v t t and agglomerate with a weak fragmental matrix* all 8<»»what da-

eesqpoaed ead eat by weinlets tuaSi soattored masses of ailioa} (8) dis-

eo(ati8i:»ua aheata of fiae-graiaed basalt* most of whioh has beea reduced 

to rubble 1^ random fraotuna from 1 foot to 8 faat apartt aad (8) a few 

thia riba (dikoe ?} of flae-grained or glaaay basalt* <ffdiaarily 

broeoiated threu^^ut aad at aome plaoea ailieified. In general* the 

fragmaatal rooks mi the eaat baak are oaseatially iaeoher«at| tiiua* 

alrag the wolf Oreek hi«^way* itfiieh ia now beiag built aweas the da»» 

aite area* a out 700 f M t long and 88 feet deep was exeavated without 

blastii^. vully 90 peroeat of tiie biUward faee of tiie out { j l , 4*A) 

exposes oaly a rubble a t basalt bloeka leas ttaa 1 foot across eidbedded 

Plate 4.- A> Basalt rubble la highway eat along the flaak of the 

left abutaaat at tiie Elsie dsaa site. 
tmtmmmmmi^mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmiimmmmmmm».mmmmmmmmmmtmmi^mmt»mmHK.mmmmmmmmmmmmtmmmmmmmamtmmmmmmm 

la n earthy matrix. Bot even the base of the out disoloaes masaive «a-
weathered rook. Further* these fragmsatal roeks oa the east baak oflonoaly 
are umateble* aa is iadioated by aeveral landslides to be described. 
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84 

19W greater part of the voloaaie rook (baaalt) ia oanpoaed by 

aeveral thick lAieete whidi dip about 8̂ «>10** H. 80^ S. or diagonally 

upatream* and ahieh are fiae-graiaed* dease* anA relatively fresh. 

Sttoh rock has moderately high orushiag atrwigth* probably at least 

80*(K)0 pouads to tiie square iaeh. Bowaver* thrra features detract 

aomswhat t r e a its strength ia mass* as followst 

1. fractures* Khieh la all pacts ef the mapped area are uadula-

tory* dlaeontianous* and eomaonly 10 feat or more apart. The most 

persistent are atibvertieal aad trend idbout KB. or HW. - that is* roughly 

parallel or transverse to the course of the river in the central third 

of tiie area. A few have cradied selvages as mnoh as 4 laches thick. 

Oross fraeturea* random in etrike and dip* are ootamon. Vcgether* these 

fractures probably weaken large masses of the baaalt only slightly* for 

the plates ax^ blocks tiiat intervene between fractures are random in 

alee and shape and are rather closely Interlooked. &wever» tills is not 

tarue of the thin apor that affords tiie east bridgehead near the down

stream edge of the area: a oonslderable part of that apur ia unstable 

sad aeemi to be slidiag toward the river. Th» stability of the thia 

apura oa either aide of the valley ia tiie eaatral part of the area le 

llkawiae questlmnble. 
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£8 

With respeot to the deaiffi of a panosaaat aplUway* the geologie 

featureiB ef the dem site at Behalem falla offer ao erltioal problems* 

fer the donee basalt that forma nearly all tiie bedrook along the atream 

would be traded very a l o ^ by water flowing ewlftly aaA ia eoasider-

able deptii. ihua* aa over-fall spillway appears feaaible. some panriag 

amy be aeoeesary to joraveat tiio ]^uekiag «r m a U blocks from fraeture 

saiaaB but tiila aoed aot be exteaaive. 
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A aiagle riwet of the basalt about 78 feet tiiiek forms the apper 

part of eaoh fltatmaat. Aloag tiie wast baak of leke Oreek tills basalt 

appears to grade dowaaard late the aggltmerate at an altitMe of 

about IjS'OO feet aad tiie agglaseiFato ia tarn into tuff. Along the road 

tiiat aaoaads tha rli^t (aortiieast) abatimtat* bowavsr* the basalt rests 

direotly ea tuff at aa altitude a t about 1^74 feet, still lower* 

basalt reours el«Dg the edge of the allnrial plaia for a distaaoe of 

more than 600 feet on either side of the linemthat is marked "AB" on 

figure 8. 

^ e alluTiua eleag Little Butte Oreek at tills site oonslsts of 

aoarse gravel and cobbles as large as 8 iaehes ia diameter. Ihle material 

may extead aeveral teas of feet below the eti^tei bed. 

Before a dam fer the lakeoreek site la desigaed the extent and 

thlokases of i&e relatively weak agglomsrate and tuff la the abutments 

aad beneath the fouadation atould be thorou^fidy explored, (tely a flex

ible dem with a moderately vide base eeens feasible. Rather extensive 

woikB to restrala eeepage mlfl^t be required. 
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48 

tte priaeipal aabvsrtloal fractures are from 8 to 10 feet apart aad 

Alp (1) about ecP H. 70* S.t (8) 78®i^0* H. 80* £• * or (8) 70* H. 88* W. 

Ooamoaly t^ae fneturea are dlscoatianotts aad are arranged en etiieleni 

thoae exposed at tiie land aurfaee are mdulatiag aad are aot aeoompaaled 

by idiear aoaea er partings of gouge. Eadh of tha l^ree fracture eats 

last daaoxlbed atrikaa rot^hly parallel to eertaia aegaeats of Bvsas 

Oreek at sad aear tiie dem aite} too atrlke perellol to raviaea la tile 

rii^t (north) aall of tiie valley. Possibly* therefore* e(meealed Jolats 

er shear eoaes detenniae the course of tiie stream loeally tat& ml^t 

afford aoaea of material weakaeas la the fouadatloa or abutmeats of a 

dam. Shla poaslblllty is believed to be remote| aevertheless* if a 

Barrov44>a8e dam is eonteaplated the poaslblllty ^ould be explored 

thoroughly* particularly along t h » northwest end east flanks of the 

apur that fozma tiw left abutmeat aad aloag their proloagatioaa to the 

Mlliaear ravlaes eeroaa the valley. (However* aee p. 4S •) 
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Aa the ateep aorth alope of the valley afforda a quany site olose 

above eaoh of tlM dam aitea* a rock fill ml^t be edvaatageous. Ihe 

impervious msnfiiraae of a rock-fill dam at either eite should be extended 

tiiron^ elope aash aad atream gravel iato eouad rock beaeath. 

SltiMT dam aite appeara %e favor a almpla ovevHTall aplllway wltii-

mit «i extensive downstream a p m * for sound metezhyollte would be 

particularly reelstaat to ecour exeept idiere eloaely fractiured. Works to 

pveveat aaderouttlag the eoneeve baak ef the oreek just below ^ther 

aite would porobebly be needed. 
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Baowd of dlamoad-drlH hole . - Oae vert leal dleaoad-drlll hole hae 

toea auak at the Oaaeadia dam a i te by the Xhtltod states Saglaeer Depaort-

• » t . file foUowlag leoord of this hole i s based oa aa examiaatiiMB ef 

tiie eere by the a r l t e r aad oa aappl^asBtal data troa, MsEltriek. 4 / 

Jk/ HcKltriok* B. £•» op. e i t . » p . 17 ead table foUowlag* grajiile 

meord of d r i l l hole. 



ISL 

Bole ao. 1 

7&I eeater of river bed 80 feet upstream from llae 
maz«ed "AB" oa plate 9t eltitude of river bed* 740.4 feet 
above aea level. Gore recovery 91 peroeat ef the bedrook^^ 

Stream gravel 

Baaaltic flow-brecciat fra^^aents of basalt 
as such as 8 inches throu^ rafbedded in 
dense fine-grained basalt. Oxidised and 
leached 

Basalt* dense* pori&yritle (contains scattered 
crystals large enougji to be seen wltiiout 
magnification). lower part breeolated and 
healed with veinlets of non-metallic minerals; 
deetKBposed s u b t l y throu^iout ana thoroughly 
at bottom 

Basalt* dense* fiae-graiaed| coatalna a few 
veinlets t contact with «^erlylng rock well 
defined and anug. ITltlmate oruahing 
atreagth of one speelaBn 19*500 pounds to 
Hhe square Inch 

Basalt* dense* aub-orystalline and brittle 
(oecre partly in email chips) i contains a 
fewufleeke and veinlets of aeeosdary mlneralat 
Oeatral part oloaely fraetured 

Bssalt* dense* fiae-graiaedt many veinlets 
of aeeosdary miaarala 

Basalt* dease* aab-cryetalllaa* aad brittle| 
flecks aad velalets of aoa-metallie 
miaerala* alao scattered azystals of 
lyrlte { i r c m salshlda). ^veral aonee of 
olose fractures. TJltimate emshlag 
atreagtii of oae speelaaa ^tOOO poua&s to 
tiie aquare iaeh. 

jhiekaaaa 
(feat) 

8.7 

. 1.9 

18.4 

11.6 

14.9 

ft.S 

61.8 

Depth 
(feet) 

8.7 

7.6 

81 

92.6 

47.8 

88.8 

loe.o 
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All tiie baaalt ia parited by fractures* Uhleh afford openings for 

eeepage under h l ^ head and looaen seme plates and blocks. Oharaetar-

Istloally* these fractures ere wavy* dlseratiauous * end lack extensive 

aelvagea of crushed rook such as mlg^t facilitate tiie sliding of one rook 

plate upon another. Maxty ere open erevices at the land surface* owing 

to frost action ax^ la part to local slidiag; prcibably tiiese are snug 

below the aoi^ of weathering, fhe principal directions and types of 

fx«otures appear to be as follows: (1) Strike N. 8*-80* W. * dip 85*-90* X.* 

relatively extensive all along the river* ordinarily from 10 to 80 feet 

apart but form some platy sonee as auoh as 5 feet vide. In the upstream 

third of the mapped area* BOBU plates formed by tiiese fractures are aag-

giag toward the stream. (8) strike about R. 76* w.* dip subvartleal. 

(3) Dip less than 8^ la various directions* aavy} ocsaiDca la the loser 

80 feet of the bluffs aloag the river* partlcalarly a few hundred feet 

dowastream from the llae AB where tiiey ere from 8 to 10 feet apart. These 

partlags may follow flowage plaaes la tiie basalt or ceataets betweea auo-

eessive flows of the basaltic lava. (4) Dlscontiauous t v a e t v s t e a * randon 

ia atelke rad dip* ftoon I j t to 10 feet apa;rt in all parts of tiie area. 

(8) At a few plaoea in the dowaatream part of the area* a partlag late 

hexagoaal coluoaa auoh as are typleal of aona ba«klt. 
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flucBBary of c r i t i ca l features.- Ibe three bedrook units that have 

been described - tha upper fragmental rooks* the tiilok-bedded basalt* 

and the lower fragmental rooks - afford* respectively» (1) aon-rlgld 

materials of o l i ^ t bearing power over tiie upper part of the lef t beak, 

perhaps also on tiie rigSit bank in tixe upstresm part of the area; 

(2) en tmderlying rigid material of unifozm a&d hlg}x bearing power ahich 

forms the lower slopes and tise floor of the valley; and (3) materials 

of medium or sll^^t bearing power idiieh underlie a l l the s i te at a 

laodex^te depth below the river bed. ISius* with respeot to the type and 

h e i ^ t of a feasible dam* the most c r i t i ca l features of the s i te are: 

f i r s t* the thickness and extent of the weak fragmental roeks on the 

upper part of either abutmeat and* eeeond* the thickness of tiie r igid 

basalt below the river bed. Ihe foregoing descriptions of the rooks 

have preeeated teatatlve laterpretatioas of tiiese two a r l t l ca l features* 

based OB the scant data .tiiat are afforded by the exposures. ¥o verify 

tiiese iaterpretatltms* tes t holes should be dri l led (1) to a depth of 

about 100 feet froa pelats oa tite eoo-foot contour oa either elope of 

tiie valley aad (8} ia tiie r iver bed. 
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JX iioxto«?-ssazo ^IAUJES JO fosp PXSX' ^ * ^ exqatins soaedda e t |8 ein 

tq8|eq tain ot •saqi •laotaoo tooj-38A aqt ^oqa ot da n aaA|;4t ain OAoqa 

tooj OXX ti^oqa JCOJ tv«Dtnqa tjex eqt am x̂ej pua •toag OS t^uiqa jo qt^sp petaa 
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VX ÎS eqt 'ay ooxx 9̂ % 900X7 *t^Xoi( VX toej 008 vm OOX aeeateq map 
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69 



s 
•3 

0 0 a 
0 

I a 
I ̂  
1 I 

a 
If 

a 
4» 

I , 
0 |4 

§ I 
S a 
i 8 
i a 

! ^ 

3 § 
I 
8 

r4 

8 
a 

1 
a 
a 

8 

a 
a 

O 

I 
^ 

8 
44 i 
fi 
-0 

0 

8 
0 

. a M ^ 
8 I S § I 



^ 
>4 

f 11 

« 

1 

Ji^ 

II a I 

' 1 ! 
3 

a 
4* 

I 

« 

I! 

a » 

a 

§ 

^ I 
8 g 

I 
I 

a 

0 

a ' I I 
i I 

^ fi 
8 8, 

I I 
8 fi 

I I 
** a 

8 * 
I 8 
: g 

i 8 

a 
0 

g 
4* 1 

0 

il 
a 

i ! i I I 
I I 

a 8 I 

I I & 

a 
I a •» 

^ a 

a ^ 

3 •* ^ 

8 

^ 1 
a H 

« 

' 1 I 
8 8 8 

a I I I 



8 
4 * 
«4 
a a 
a 

1 
o 
*4 

1 

& 
K 4» 

a 
a 
1 
a 
a 
n 

a 
4l4 
4» 

4 * 

a 
a 
8 

s " 

t i 

I 
a 1 

a ^ 



e 

I i 

t 1 
5 i 

•s 

1 
t a a 
Vl 

o 

§ a 
0 M 

mt 7 

% I 
a 
0 
« 
4» a 

a « 
3 1 
* I 

o 

8 

a 
i 

4» 
a 

I' 

a 
a 

a a 
0 
0 

£ 

S ̂  
I ^ 
r-i mt 

t a 
C^ 0 

a 

f a a 
>4 

8 

a 

a 

, I a 

a 
a 

4» 

s 
a 

8 t 
a n 
,p tt 

a ^ 
•3 
o fl 

t 
Oi 

a, 
0 

I 
IS 

I 

a 
a 

tt 

I 
I I 5 
•4 ^ 

fi ** 
a 

s ^ I 
^ I 9 
88 a fi 

a 

I 

fl a 

•3 
mt 
84 

. a I a 
« 

a i 

a 

^ s I 
§ a I ^ 

g 
It 

J ^ 

a 

21 
iSi 

8 a ^ 
JM * t 
O I* 

a 
1 2 
4. a 
a 
9. 

m 0 
I, 9 

8 « 
t 3 

a 

1 ^ I a 



i 

M a 

I 

i 

I 

l l I 
1 8 ! 

I 
I 
I ! 

a 
1̂ -

I ! I J 

I 2 ̂  I * 
' 3 M ?! I 

« I ? J 
a 

s 

» 

4 
I I 

I 

s 
I 
I 
« 
tt 

I 
ts 
o 

I 
I 
I j 

J8 
8 

» I 
a 1 

*» ir ^ • ^ ^ 4i« m Sf M 

I I I IJifll 
. l i s „|1|at 

a 

8 I 

III! 
I 
to 

a <!c 

I 
S I I s a S I ^ ^ 

III! Ill 

S 3 2 i 

8 

t I • S I S S aiag a 
iMiilllmi! 



8 

a 
o 

a 
a 

a 

8 
4» 

si 
9 
0 

a 
0 

I 

84 

o 
0 0 
<0 

s 

I 
a 
8 
a 
a 

I 8 a 
a -3 t3 

t 
II 

6 

a 
a 

0 >« 0 
0. 

^ 

a 8 
^ 8 

I 
0 0 ^ 0 * 

« fe a a " 
a * °* 1 a ff § 84 a a I ^ I ^ • tj 4* I 41 a 

a 0 

: 2 
H (4 

fi 

I I 
J0 

^ o 

a I 5 
*» ft o 

IN 

£ a 1 ^ 
5 5 a IS 

8 I 
« 8 I 2 I 
f I i l l ^ 

a 

a « 
44 V( I 

tS 

2 ^ 

0 
4* 



{' i^ •€ ees) *txoo<^ oqt JO aeaaam aSavi 

JO AxXX<iata eq^ iraaset ot i£^nop»8 aa a&iaaetxe oa OJEO i e | ae t i« siqn 

JO s^eoqa oBmi tein A«TIX ameea tZ *qncx oAmba eqt o% epaaod 0 ^ 9 
vae o^v*Z JO sinSseats aaiseeddiaoo e^esf^xa p ^ e r̂ao atX Jo a a e a i ^ ^ 

OBi •oetaa qtia peteantw ueqa ov^Bwrd tai^smoe adaqxed poo •sejatoedtj 

jccgc tde«w aaopLxedtei itrcaxtaeaae ax Xtqaqojtf tx •i(^no«qt qavf i / s 

sa qom sa tivsaq jo 8%a0a9a;cj sapitaoo \S9S, XI""" a «x t^A £^%XB9 paa 

peaxBjtS-saxj iCx̂ Slrax v% j jaf axqt <* t<ii *Zii 'M aeg) *s 1^^ X *o<^ sexi^ 

XXX̂V ax 3 •08 otxe ta i^teJnoaad saa sa x^na *JJR% iCq Xxxaoox petaaadee 

oja %'ĝ% s^eeqs qoxqt aAxaaeoens jo a^sxaa^ txa^aq A n e axqs 

•a^asB^aqa j » wixtapcnetj ax saaa 

-:^aa aaoxaea jo seuoa msoj 4aa oa pua JEBAX' eqt Saoxa xx* adozetiM ^ft 

BX OAisae^xe iCxxiaj ax î TJXVom oa txaaag *{( x^ *d eee f I I 'Xd ao 

«aO« psofraa eaxx " ^ Soexa) x *oa e%X8 ta pexxX'P aaa tain exoq exSaxa 

oin BMwj ejoa eqt Jo qaas s^xx * azeSaxj eqt qtX* Xxxoae ae^Mui ^ 

aaa sazcm xxx<iP"PVOBaxp ŝ X *V ÎOMI e%xab eq o^ poAoxxaq sx tT^aq 

pexjXPOB Xxi^noxoqt tooo> oqt *teet SaxqsMO a j o evBesqa eqt a i •qooa 

ein JO p^X^ a Jtimj oaodoiM ^aapaaqa taoat exa iCoin a n ^ paa oetsmaxv 

ax qoox ua sa qnmi aa exa sSaxiXXJ exapaiDma eiXL *aax?>ixxoo ta^sssM 

era aeoaxd emm ^a paa qoxqt ^V^ m jxaq m» qoaai ea oja a^exax"^ oqs 

*(8SaxxxXJ oxapSiAra) aeaawB aaxaqoxS poxstt^w ax ' o stexuxaa j o 3i«oato> 

a ax (setxxoea aaoxqxj jp» aexxxa) axaxeaxB oxxxotaaMioa ^zapaoeea 

auxe^oo paa taoqSaozqt peaodmooep iCxt-iad ax ^XJXPOOI Xxi^noicoin toan 

:|0O2 eqt * W ^ aeqto eqt ao •pnaos axaedda eexaxeqto taq aetaax ax 

Xqtxm taqaamoa ax pexjxpoa ^aaex 3|0«z eia •AxotBotatx ax î xepxa aSaax 

•txosaq it<Kae eqt XX" patoejja suwq qexqa •seSaaqo oxSoiajcaoXB m^ 
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Beoords of dlaqnttd drilling.- Qie Uaited states BnglBeer Depertineat 

bas pat down one vertleal dlemoad-drill hole at its site ao. 1 and four 

holes at its site ao. 8; these two sites a r ^ t respeotlvely* about S«8S0 

feet Tq^treoa and 1*330 feet downstream frcra the lias £B* Beoords for 

tteae five holes* based la part m data by ItoKitriok* 6/ follow: 

8/ BcQltriok* s. S.» op. oit.» pp. 5-8 aoi tables folloviag. 

grajl^ie record of drill holes 
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Site BO4 1* hole ao. 1 

^Mur aorth teidc mt r iver* laafl-aarfoM alt i tude aboat 
695 fee t . Bi |^ peroeatc^ reeovery ef cere throoe^ioat7 

Streem depoait 

Baaalt* fine-graiaed* a l i i ^ t ly doMmpoaed 
taizoai^at; eat by astaork cf flae 
Bm-ostallle veiaa (aeelitea) 

BeiMlt* f i ae -g ra ia^ at top bat syb-oryetalllae 
toaard tettom* fair ly freeb; a few flecks 
aad thia naami ef aoaHaetallio miaerals 

Baralt* a^lira-srained (pNrjhyHtls) * e l i i^ t ly 
deeoB^osed tiiroa^oat astd aot thoroughly 
moBd 

Basalt* flae-eraiaed* fa i r ly freflb; a tea 
asB-oBtallie veialete* la part eel lalar 

Basalt* osdiaa-gralaed* sl ightly d^K^poa^ 

Basalt* fiae-graiaed* fa i r ly fresh 

Baralt* medlum-graiasd} ao deoffiQMwed ttAt 
mre eaa to hrcdcea a i th the fiagsxa 

(feet) 

^•0 

1.0 

14.4 

19.6 

41 

4.S 

3.8 

e.9 

Depth 
(feet) 

7.0 

d.o 

8S.4 

48 

S 

87.2 

91 

99.9 
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8tta 8« hole 004 8 

J ^ aortii baak aa»OQt MO feet froa tte aiwar* 
laodHnirfaee altitude 694*4 faot afbova aea 
level* Oore veoovexy 78 pereeat la the bedrook^ 

/• 

Slofe a a ^ : boaide^ro ia raeidaal olay aoi l 

Basalt* aediaB-eraiaed (ponhyri t io)* partly 
deeooapoMd titiroaghoat* apotted with amall 
gXObaiar maama of aoo-oetalllo alaerala 
(aaygdaloidal)» alao a few small eavltlea. 
Ultimate eompreaalve atreagth 9 t tao 
apeeimraa 8 » ^ asd 16*660 p^Bds to the 
fl^uare Utah* reapeetively 

Siiokeeaa 
(feet) 

83^4 

S&.6 

Daptii 
(foot) 

6S«4 

106.0 
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Sito Bo« 8* hole ao* 4 

^ aortii baak about 980 feet fNa tba river* 
Taad-eurfaee altitude 964*8 feet, core roMvery 
88 peroeat ot the bedrodlE /̂ 

actope aai& {xcek i^aoler) : braidn>e i a 
residtilsl olay ao i l . lowar part aay be 
pebbly tuff 

Basalt* fiae-graiaed* alightly deocmagpeaedi 
a few eavities* in part f i l led IQT 
aim-4istallie miaarala. Ultimata atreagth 
ia oM^aeaaion* oae apeclmea* M»450 
peiaids to the equre taoh 

Baaalt* aadiaO'^graiaed (porsnyritie]* partly 

aoaes are apotted witii glctenlar maeaea 
of aeooadary aen-oatellio adbafnela 

i a ocoireaHdofi tibs altiiaate etraagtha eere 
8*980 aad 10*070 poaafta to tha aqaare 
iaeh* respeotlvely 

Silekaeaa 
(feet) 

80,3 

a*o 

88*8 

Beptix 
(feet) 

90*3 

88*8 

91*1 
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Bole ao* 1 

^ ^ eeater ef river aboat 400 feet doaaatrMa ftaa 
brUles} altitaSe of river bed 473*4 feet^abote 
core reoovezy 77 pereeat of the " 

eaa level. 

Btraiffi gravel 

Basalt* ^BsaB fiBo-srelaed* 
freiB&; toittle (e«re partly 
i n OBMU 0^90) 

faff* BBseea to dark psBrplleh 
> ^ * fiae-greiaed maA aaaqr a t 
top* g r i ^ ^ a t botteaa 

fttff* l i f ^ t eveoiiiaai gray* 
glasay* eoapaet 

Vctff or taffaoeoDB aamdatoae* 
dazfc osroea* g r i t aaA tiilps 
i a Mganftat aaoqr •a'^riz 

Aaeptemaxate* groflsiah aad par-
pliaai grey; 0 r i t amd fragmeata 
Off aadnsite aa ansh aa S/4 
I B A t h r o a t make 19 
three feartha ot the r e ^ i 
aaitria aamawbat deeoBQoaed 

2tff * l i«^t greeaiah t e xeddiaai 
gray* largely f iao-era la^* 
letter B feet g i l t ^ 

mt i aa t e 
aouuveaaife 

atscaaigth 
(pooaAa to the 
eqaare i i ^ ) 

60*000 

B*170 

TiO 

8*600 

6*400 

Biiekaen 
(foot) 

94*8 

8S*7 

88 

4*0 

13*1 

8*4 

9*S 

Bepth 
(feet) 

84*8 

87*0 

89 

96*0 

106.1 

109*5 

11B*7 
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Bsle ao* 4 

J ^ tenaee* aboat VBO feet aortii ef bridge heedf altltaSe 
of luid aurfaee* M4*8 feet above aee level* Oose rewvexy 
66 pexaeat of bedrodc^ 

" 

fOrraee depoait 
Olayey a^Ll 
8axA» gravel* aad bovOdera 

Bcmdt* fiae-graiaed and ienae. mt taa ta 
eoRireei^VB atzeagUui of t m speeiaaBi* on» 
freab aad the other oaddlaod* aero 48*900 
and 7*380 ptraada to the a^pare i a ^ * 
reapeetliraly 

Ttff o» taffaoaoue efeale* greeaiah gray to 
Ujudt* fiiM-graiaed aad gr i t ty* laa iBa t^ i a 
part 

fhiekBsaa 
(feet) 

8*0 
7*8 

17*8 

9*4 

Baptii 
(feet) 

8*0 
18*8 

80 

89*4 
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If" 

aoatti 'Staliill Kivar basia 

Oedar Creek dam a i te 

At the Oedar Creek dam a i te oa tiie south l^uahill Biver the bedroi^ 

Mmgpiaeei diabase or ba«ilt» laailaated dbAle* aad poaslbly thia-tedded 

eartiiy (taffaoeoua ?) aaaiatoae. fheae rook types are aot equally ex<̂  

torsive ia tiu> tao ebutaaats. 

Witeia tiie area tiiat ia repgrae«tted by figure 10 the sedimentary 

figare 10*- Oedar Oreek dam ai te* South Yaahlll Blver. 

rocks are very poozly expomd but are inferred to fozm the whole r l ^ t 

(Muth) alope ef the valley above ^ a 475-fMt contour* also betwsen the 

r iver taidE ead the read exeept fur a dlatanoe ot about 890 feet upstr^aa 

aad 500 feet dovEmtrMm from the l ine a a r k ^ * B ^ . Shale i s exposed 

di80oati»ao«ttly la ttits aloag tha road* i tere It usually i s air-slaked 

ead loAd:^. In ^ e few maell exposures idiere ti» beddlag Is preserved 

the idiale dips about &0^-S0^ S. but dips ao ateep may have been eaus^ 

by loeal alunp. 
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Ballaoe Bridge tea e i te 

At tiw dam eite aear lallaee fteidge (fig* 11) a eueoeasioa of 

Mgare 11*- Wallaoe Earidge dam ai te* south Taobill River. 

e 

ooBfoxaiAtle roeka dipa aboat 80^-90^ B. to B« 70® w* - tiiat ie* iato tiie 

aerth alope ot the valley, fhie aueoeeaioa le iiverfeotly exposed but 

i a ttweadlag order appears to iaolude basalt* thi^-bedded tuff* anfl 

al teraate thia beds of tuff* tuffaeeoos saadstoaa* esA saMy shcde. 
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l ife 

nreetorea aaft aiaor faulta are eoaoaa a t tiie sallaee Bridge e i t e . 

Xa tiie bluff tiaat ftonaa the r ight baak of tiie river* about 100 feet 

aortii ef the peiat titat i a marked "a* oa f igara 11* a n&vertioal 

faai t atrikea aboat B* BUf* B* aad plaoea laniaated tuff egaiaat baaalt . 

Aloag the faai t the taff has beva sheared for e width of a foot or tea . 

Jhoat 150 feet to tiie aouth aaother narrow ^lear a(n» dipa about 

8SŜ  S. 80'* S. i a tiie baaalt . At eaoh of tiiese two faults the aouthem 

hloek i e tiirovoi do«i and the dlsplae^aeat I s a few t^is of fee t . lia 

the face of titt railroad out e t the base of tiie aorth baidE* the thiek-

bedded taff Is parted by aadulating shear acaee from S to 18 inches wide 

aad from 8 to IS feet apartt tiieae dip (1) 70P-e(f H. 85® £.* (S) 80® B.* 

«r (9) 9E^-7C^ 8. 85® 8. Of these three eats* the f i r s t la parallel to 

•er ta ia proadaeBt fraetarea a t the r<»d-oetal Qmory meet of tine s i te* 

the iraeead i e parallel to the laalnatiim i a the tuff* aad tbe third ia 

peral lel to one of the mlaiw faults i a ^ e right baak of tiie r iver near 

the point *'e** Bach m t msy be a e^amm elooant i a the g^loglo etrue-

tare about tiie dem eite* 
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I l l 

Betaeea ti^e 850-foot ooatour end tiie road* the foot idope en the 

r l i ^ t (west) aide of tbo valley ia rather deejdy mantled irttii alope msh* 

S t i l l lower* about 85 feet above iSm atream aad at aa a l t l t u l e ot about 

475 feet* reomit etreem depoalta form a pledLa as anoh aa 400 feet wide, 

fhem depoalta are largely ooarae gravel ead eobblea. fhay are iafezred 

to be aot amre thaa 85 feet thiek* to r the diabase ihat aaderlieB them 

ia expofttd ia the r iver bed aoroas tiie ful l width of tiie plaia. 

At the Oalea C r e ^ ai te a rigid aarrow-^beae dem can be bui l t ao 

higher than an abatraent oa aoimd diabase la afforded by ei ther slope o t 

tate valley J tiiia l imltiag h s i ^ t i s act shown by the few oaterops. If a 

h i ^ dtea should be fouaSed pertly on idiale* i t should be flexible* should 

httfo a broad base* aiii& (AovHA include eat-off works of sufficient ex

tent to res t ra la aaepags. 

!F0O al temetlve positions for a dam are auggested by tiie l l i » s mziced 

*AB* and *CD" ea f igore 13. the apetoMEm pi^l t i ia* AB* affords the 

broadest aad h i g ^ s t ajar ot k&oas diabase for the right abutmeat but i t 

eroasea tiie wideat aeetira of slope VEuh and r ^ ^ t stream deposits, 

yartiier* for a h i ^ dam* the lef t (easi) ebu^asat would be sooeahat de

f icient i s maae* ftes dowEBStreon poaitioa* OB* affords a thiimer uA 

poaaftly a lowear epor of diebaae for ti» r ight ^utsirat bat s i^le mass ia 

tite lef t i^utasnt* a materially ritorter dam* aad parobably less alape aaodi 

aad reeent etream gravel* 

Aa ovK'-fall spillway at the Galea Gre^ a i te woîOA dlsoharge oato 

diabase about a t atream leviA* iioeordingly spaelal aorks to prevent eeour 

de not eq^pear to be aseea«vy* 

Portlami* Oregon. 
July IQ, 1937. 



Plate 8 

691 

Oolumaar basalt formlag the lower 

90 foot 8f th© abutmMits at tiie Blsle 

dam eite (viewed from the left baak) 



Plate 4 

693 

A* Baaalt rubble in hii^vay out alrag the 

flaak of the left abutmeat at the 

Elsie dsm site. 



Plate 4 

713 

B* Slide in fragmeatal basalt and ahale in 

hif^wsy out 0*6 mile eaat of tiie 

Slaie dam site 
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Plate 18 

705 

A* Rook-allde rubble on tiie rtg^t bank 

of the Ulddle aantlam Rlvar 8.7 

miles downstream frem Qreeapeter 

creek (the aeale ia iadioated Iqr 

the packsaek la tiie r i ^ t fOregroaai) 
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Plate U 

888 

A* dude ai^ thia-bedded aandetone 

exposed by road cut Sj^ miles east 

of the Cedar Creek: dam site 



Plate 14 

rH 

880 

B* yoiated thick-bedded basaltie tuff exposed 

at the baee of Ihe a o r t k abutment* Sallaee 

j Bridge dam aite 


