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'..•/.. . . . . . - . ' Berkeley, Dec. 1st, 1924. •

Arthur P. Davis, '. . " • " ' '
Chief Engineer,
East Bay Municipal Utilities District-, . •
505 17th Street,
Oakland,, California. -. _ ' . . . .

..'.. Dear iSir: ; • • ...--_•'-... '..'-•.'•'.•.''"••'.'• " '"•,' • • . . . ' • . ' ' ' • • • ' : '.'.'•.. •-.'.

-._.".". •;; '...'•;. • ' Under-y.our-.gaiSan'Oe' I.-have'.,made- 'Ja.. :ge6logical' ̂examination. .'. . /

of- certain alternative dam sites--on the Mokelninne River;..and-beg to- /

••'•' advi-se'-you-concerii-ing 1̂ hem- as followsi- •' .• • v . : ' • • ' • ' • •/. ' •'• " " '• .•

The dam "sites examined' are'knom -as Lancha- Plana Nos. 1,

2, 3, and 4 the profiles of which have been determined, and the

particular question put to me was: Are there geological conditions.,

which make any one -of these preferable to the others? Dam- site Mo'.

•2, "I was informed, is' not satisfactory from an engineering point of

view and has been rejected. Consideration was, therefore, limited to

Hos. 1, 3 and 4. All the sites are situated in the narrow gorge of the '

. Mokelumne River in a section a• little, more than a mile in lengtĥ  No. 1.

-. being' at the upper end of this section and Ho.. 4 at the lower end,'with

Mo... 3 in an-.intermediate position; and any-one of'the three may be-util-

ized with, equal,effect, as .to', the impounding'.-of the 'waters of Mokeliimne-- V .'

; "-River in.the proposed-'reservoir and- raising'-'the level £n -that-reservoir .̂ .'-.

so as to divert the-waters, to Jackson Greek. The choice of site'depends

o-ri three factors": (l) The optimum pf geological conditions. • (-2) The • • •

cos.t. of construction :of dam and supplementary structures. .(3)'.. The

cost of properties which-it'may be'necessary to acquire. At'dam sites- ' .'
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Nos. l-and-.S the third of "these factors doe-s not-enter. .No. 4 is '

below certain mining claims which vrbuld be flooded, and \fhich would;

therefore have to be bought if this site were, finally, chosen. The

second factor determining the choice is a question for the engineers

charged.with the design-,of the dam, aqueduct,..ete., anxi I shall not • / .

"attempt t6 discuss-i.t.'. .The first'•factor,- the -suitability of site '• . . - . . - . '"

from a'geological point of View is • the':same f or sites Nos.'!/ 3' and '." • • . ' ' .' '."

4. - The 'conditions at'all three sites-are.' equally good and -leave ...

little to '.be "desired- in'-the way of strength, security and reliability ' .' • • •

of foundations and abutments. The rocks at all three sites are sound,

undecomposed, strong, impervious, metamorphic schists of the Bed-rock

Complex' of the. Sierra Nevada. -Originally these were. sedimentary

strata partly volcanic and partly detrital and 'the stratification. . • •

is still very apparent. The schistosity which has been imposed upon

the strata, by reason of the metamorphism to which they have been sub- •

' jected is parallel to the bedding. The strike of the beds and:of ths >- ;;

schistosity is transverse to the .course of the river, and the dip. is

in "all cases up stream at angles a little-over 60° at sites Nos. 1 - • • .

-arid; S-iarid 72°. at-site No.. :4. .At-all three site's--the rocks 'are-splendid-- • • .

•ly .e3tp'o.s,ed .'3Ji;the'iwa'lls- of- th'er canon; and" -ther''e is\almost'ho-overbp.'vden' '•-... .' :. '. ' • -'

to be-'removed to reach the firm rock. . The excellence of these exposures " '

removes all conjecture â  to the nature and .condition'of the rocks; 'tud .. .."

the statements here made in-regard to these matters are. statements of

observed-facts, and not merely opinions; There' is ..no danger of landslides

'at. or" near 'any of-the three- sites.'' - There-are no''active-faults., and- . . .'" • '. . ••' '•' •

' the- seisniic" record, of the. region -indicates that it is. Btab-le., and. -that

the risk of damage from earthquakes -is as small as could be found any-



c •
( • - . :

• •. . where on'the surface of the-.earth. The rock at all three sites

Is entirely solid, and free from..open spaces-'and there'will be no

appreciable seepage thru the rock. The joint systems which tra-

verse the rock are non-persistent cracks which do not permit the .

• . • transmission-of water for more .than short distances. • • ' • •

• •• .. .' -,." • • ;. ••—•••'it wouid.-.be difficult to'find more satisfactory-.'eondL-.'',

••'_' •• ." .• ' -.tions .for the foundation and abutments of .'a dam than those which . .

• ./'..• ' are presented in thi.s. section of the canon of the Mokelumne River.

": • • • • " . . • •• At-'&6ne ;bf -the' sites 'are-thers-' any 'adverse conditions, to be over-

come. Since no discrimination can be made between the three sites

under consideration on the basis of geological, conditions, the choice

, .of site must rest upon engineering considerations and costs.

. 'You called my attention in the. field to the'fact'that

if dam site No. 1 is chosen a low supplementary dam, serving as a . ;

spillway, would be necessary on the. lowest part of the crest of the

ridge to the southeast of tie main dam. This supplementary dam would
.- . i •

have an excellent foundation of greenstone schist, and the water spill—

• :- .. ' ing'over it -would- "fTow down a--s'teep -slope across.the strike1 and dip of

.'.; '•' '• ' these rooks'for a few-hundred feet. before-:encpuntering a belt of softer

' •..."_••;•• '•..- _ •"'.; .slates; ."The..•s'oftnessyof'the,'plates 'is- largely"a -superficial .character.-

'due to weathering. In my-opinion the rocks both greenstone schist

' ' • • and .slates are competent to withstand the erosive effect of the spill,

and there is no danger of a .rapid cutting back so as to' undermine the

.; • spillway- dam. - The cutting effect of the "running water free from detri-

(/ -. - -. -: tus, upoa:-'these rocks-will b.e very ..slow, and, after the-'lob.se"'surfaQe
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material has been washed: away, would'be scarcely appreciable in a

period of .say '10 years. The rocks -below the zone of weathering

are just as competent to resist the action of the rapidly flowing

clean-water as would ..any concrete' veneer that might--b.e placed

'.upon."them;to protect them-. • - . - . . • ': . " .

- . . - - • ' • _ I have the -honor to be • • .-' , ' .

- _ . . ' • . • . Tours sincerely,

(Signed) Indrew C. Lawson.



Engineering Fifes'

• • • • • ' ; • ' • ' • • ' ' . G'EQLQST 0F'FAROES MMSITE . • • . ' • . . ' - . • • '

GEO>: w. LOPDERBACK:« .GEOLOGIST* ' •

The rocks of the gorge, of the Mokelumne River-in raaieh.

the-ddjsi ia.lttca.ted wsce prigisally «.. series . of- volcanic .br.ec.cias',. ash,

. beds-j'pLsva flo-ŝ  -.an3'..terrigenous" and 'JB±3Ss4- sediment's ̂ •which, have been •'

subjec-te'd to strong• compression that has'deforced them''s.o' that th'ejr ..- •

"now dip-at hî i aajgles to'iiie. northeast̂  55°.-to .94°,_• the 'se5imeats , .,-.

sbd?r "th'e dsirelopment ô  a' slstjr character, and tiie' volcanic Berbers ' •

have, suffered to a greater or.Ier-s degree changes in mineral composi-

tion sometimes called the greenstone type of alteration. The compression

has also gives rise.to more or less of"cleavage, well developed ia the

fine-grained -terrigenous sediments, less well developed in the fine

volcanic sediments, and still less developed in the coarser pyroelastie

and massive volcanic layera. fhroughotit the area examined, • this

cleavage lies in the same plaaes as the stratification,, and these

planes are referred to in this report as the stratification-cleavage

.planes or .surfaces* . ' • • • / ' • • " •;•'

•.'•.;. - ' /..'-tfce tilted'layers strikes from-about 24°."to 42° west of: .-• - "-..

nor-tĥ  that is, -obliquely acro'ss the. .rî er-*. ..As. e-result- of .'this-j, eixv'' '.' '

line drawn directly across the river, (at:right angles to the stream •

course,)-will in-general not strike the same layer on the tw6 banks,

but any given layer will appear on the north bank farther up stream

•.than on the south bank. As a further- result, lie layers do not rim

directly-up-'thg;canyon aides, but''obliquely, so- that-.they-are found • . •

farther west tbe'-'far-ther they ..get from the river.. -This .effect-: ••
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•••• -. • . is particularly marked Vto 'the south- of the-rives*,-. as-is shorn' on .

the accompanying map. It is. evident that the data, which is to be

placed transverse to the'course-.of the river, vd.ll cross a number

.. ; ' • • , ' of flayers obliquely, and ;nany of. these layers will pass out from

'•' •'-. ... • -.; ' " .. ..lander the dam en-its east.-si'de' and £02®, .part of the. floor: of:vths ••• . \

••-'. .-.. . •••-.":.;'ressTToIr, '_•.•',••'' .'... -. '•''. '••-. ". '.- '-•••' "' ':'''.•'••' ""- ..••'"'• •'• ,;.; ' '.:.-',•.'.' •'" ' ': :

. . . - - . ' • " . • For the purgo.se erf thî s report, the layers of roclc hare -•

;• ,,'. '.;.'. •'." ' _ been roughly-gr<?UP'eS irtto'"diirisioiis which';/yary''froia .their neighbor's ; .

• in lithologic characters'and structural, details^ and therefore in

engineering relationships. They are referred to here and on the

•;....•'•. aeecjspanyiiig map by ntuabers, sometimes id.th.-a letter-.'attached to " •

^ • • denote -subdivisions.. •• . • •". .

DIITISIOH'I., Starting at a proiaiueat outcrop da. the

. south side of the river about 200'feet upstream from the-dam loca-

tion is & volcanic tuff carrying sasall lapilli usually less than

one half inch in diameter. • fhis originally fragment-al-rock is aow

. • • • . -Trell consolidated and indurated .-and up to about 250' feet. afeove the • - ..

. river-level yields prominent resistant rocky outcrops. It is : .

. "•-.'• " " ••. ', tough and rather strong.- •'.' . . . . ' •-.,.. •''.".•'.'•'. • . •-• •' • '.-'•-•'
•••''••• •'-.- .'•••••••''....'.• • ..'''•;'••'. '•";'"• '' " • ' ..' ;' • • " '" • " .""• ' • • - . ' • : ;.. ' •/ • r'

";. . ."•'•'. •''-: .'"••'.-; •• • .- Fissures traver'se-.-tlie. rocKs-o-f this-.-divisipii..in.•vsrio'QS •:••-

directions and separate it into rather..large blocks.

.' : • - ' • ' • (a)' _ -to important system"' of cracks follows the str'atifica-

'tioa-cleayage planes, striking HSS°W and. dipping 6SJ°--7Q° HE. The

;. ' • • ' •; isidth'of the-'blocks at lowdr 'level̂  between- these fissures-varies

.usually from one to -six'feetj sometimes' narrower'. She number1 'of... '• '.

-2-
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narrow-blocks, increases-'as the weathering increases» .that isf as

one goes higher'en. the canyon -sides* For tfce higher parts of the

canyon sides have been exposed .to weathering longer- than the lower

ones, fais is the reason that the prosinent rocky exposures die

out above 'th©--45Q foot contour. ' . . ' . ' • " .

duceS at "the lower levels.'broad, fif'it, but-usually act ssopth -ŝ para-.. ••/ .-
•'*'-.%•" v' '"'.••*•':.•' I . ' . ' . "-:"- ':.'-'"". : ' '.'.''••'." '•'•'• "/..'.̂  .''; •'" • -."'-'. . ':.:'.- ' •

'•tiohVplanes "that rua fsr .various' distances: oiit faee'Eieasui>ed IS'feet '.'

down the «Ji?» another 40 feet, Soae of the cracks'could be traced

50 feet or more. Ths dip varies from. 20° to 40°, • • ....

: • . iej ' Moidier coiamon dirfectioa' of fracturing is H 38-48°E ' '
" • ' "'' - •

with approximately vertical dip. • This produces, more.tuaeTen-faces

than (b}» She cracks-lie a few inches to several"feet apart*

(d) Other fissures are found, soae of which are ssore or

less' proRtirtettty but they, do not fall.Into r'a+ular sets. For aŝ JHple,

ptte.N 70° S, dip. 55° H usas. traced for 60 feet. .

• "- '.' I.ear-the western limit of-Division-1-is 'a subdivision-. . •••

showing a coarse fragmental character, -sad .'carrying ori-giftal-volcanic ..;. .

•'blocks -S to ;S;inches• ia diaja'et.er̂  .gcHadtirdbs- lkT'.?exv' Shis; is.indicat̂ i •• ;"•

.as'1A« ' If is followed to the west by a finis grained.rock marked 13. '

She structural relations of .these subdivisions ar; similar to the main ;

belt 1-,. but they are usually -not quite so resistant to weathering. Sub-

division .1A however often yield § rather prominent-resistant.'putcropa. . •
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; . -As they; rise above the "500 foot contour all of the parts of: Division 1

', •'••••-. . show practically the-.same ̂ gathering and jdiatage p-heaoEuSaa*-'. • . . • - .

Division 1 (including 1A and IB) crosses under the daa

location diagonally, to the south of the river4 and roughly between' -

. the . 55Q .snd • the SOO foot contours. On the north gide it is entii-ely

' • • ' ' • • " ' . ' " ' ' ' ". e£Let."df-'-.the dsk---locaiioii.. • . • ' • ' • • . . • ' • ' . ' • ' : ' . • . ' . " ' •
.:' '• ' ' . '•;. • V-. " •' ' • ' . • ' • • • " • • "".. :' • • • - . '•• ' ' ..- • • • ' ' . ' • • ' • • ' ' ' ' ' . - ": '• ' ' : • . " ' • : • • ' • • • • - . '•'••' ' '; ••'
'.\- • • ; ' . " ' -.,; :'-.. -; '-, ' .. • ' . - BlVlSim ..%* ' :^s>' th.s '\»es4 -'of- .division 1-is a :bel^\.9Jf/.1^iiir.-''.'•. • .

' • ' • ' • - , • bedded--ybcke "thiat 'Here ori-ginalij'--largely f'iiie- asli.deftoaitsj probably •; . ';

. . " • / • . - . . . . . .is.î  dcs^a.*andeir- wg.i'Ejr- and.siib^ssted to mpr© or-less.current.-sorting* ; *• -.'

In', certain" streaks' there .is evident adciiEture' of aoye or less terri- •

genous sedimentary detritus — earthy suds. The deposits of this divl-

. . sioa are weli-con.soliaata5.aad .show a.sore aarkad d$v-elopaeij.t.c>f. slaty-

f • cleavage. 'This.ie best developed in the-original nmd-s which are HOW • '\

"definitely -clay slates. The grain of the different .layers varies> fin%

••^sry fine, and aphanitic layers, alternating..

The more purely yolcaaic parts of this division eommonly

split off -in thin layers parallel to the cleavage planes, and plates

• from 2.-to.3 inches do.tm to an inch or less in thickness- are •e.ojffiscau

!'• ' Some layers^ '.snore even gr-aiaetty asd without.slaty streak's '̂ give blodfes-

. . ' • _ • • a/foot -to a 'foot- aHcf a -half- -across* .. • '':' . . . . . .'• - . ' • ' . . - ' ' ' •

-': •"'•':'•''...'• ." • ' . ' • ' . ' ' %ur; suisdivl'sions^y.- b0^ rsco^iis^d'-ia/a ;roa^&-way.*:;'" . • • ' .:••'.••"

2A* The eestsrjaajost past, is largely of volcanic detritus and

• holds together fairly ^ell* • • • • ' • . " •" '-• •

• SB* The nert subdivision is chiefly of voleanla detritus,

. • • " is better -consQlidated, is finer in_graia,.and breeks'-into c.oaraer slabs;

' .- •' ."' .-• '. i " .'" • ' 20..- ifc'is 'subdivi-siok-ie''chiefly of volcanic'detritnsj--.but'

with adadxtur-es or intercalation's of" earthy material-as-'slajjy streaks. • ' It..

-a—
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Is thinner bedded and. breaks into thin'plates* 'and lit part shô s .a . .

. • well developed' slaty cleavage into 'thin sheets. • • .• ' • -

2D. " Subdivision 20 grades into a fairly pure clay slate • •

• with cleavage into very thin layers well developed. There are occasional . .

• •••.thiji, streaks or admixtures--of^ v.fl̂ .ŝ ĉ detr£tws,-b\it. iB.iisiirio-r prpppr-* '.• ,: •.; -. ..'.-.'
• ' ' • • ! .-'-''::. . - . - • > '.-.--' •'••.-•' ' "••' '-":'• :' '''•' • ' '• --':-' : '- ' . . .'•••••-'' ;- '•.••.-...-• = ••"-'•: r ' :•'•'•'•'.' '.
•" .tio.n* In/ĝ aerai this "slate b'aad-is -about'-15 to .18 f eei "tjhick;.. . -.- .-..; ;- ' ' •

... • ;• . • The islate band .-carries & muaber .of. -quarts yjaias'varying in • • . -••'/

. thickrtesa fxom.st. fraction of an inch'tip to'aix inches'-"or more. ' fhe; .. . . . . . .

•. '̂ eins-lie -almost "entirely in tJie stra't"ific'&;t.i'on-cleava'gfe- planes and ;"•'•' ' .;• :'" '.'. '.'.' '

mostly in the upper (or eastern) part of the slate band.

A layer of gouge runs dovm"through the slate band- roughly

...parallel 'to the stratification'; varying'.ia.'tddth-'f?m aa'ia'eh-'-'io.' severs! .'• • '. ;"'":.'

.. , incshes, . It is usually soft and clayey and ia part encloses an easily,

friable granular quarta streak that is evidently.. 5. crushed quarts vein,.

Pyrite is also found scattered through the slate.

fhis slate belt is a mechanically. i?eak aone, and the ̂ regh

gouge indicates a movement of dislocation in comparatively recent .time,

.. • . • . While -tlie • slate band is :ev8r5T?her̂ ' narrâ j it is persistent •' . -•

and has been traced up the south.-, side of the esnyon.to bsyosd: the, 575 . -.. • y •

;• .- foot ..CQatour.., At. the -b&ae of. •the.-'gio'pe isptt-th .of. t̂ ie "riv̂ r .it..3,i-es>Joa; the,-.'' .- ••••-• '
'.'••• •'-..'.'•••/" •.-'- •• .-.:•.--' •.".'.•.•••.'"•'.•.'"••""'''*"•'•'.•'. • ':--':' •-.' •.'•.' V- •'. ; •• -'v ' ••'.- ••'".'••'• • • • • ' •

'trenesh. ma'de f-bsr 'the cut off. ̂allj and'on its .Vay across the- riv'er'leaves

the'-wall line diagonally,- and passes into the floor of the -reservoir.

It strikes the north side of- the'river about 50'feet upstream, from the

cut. off. wall line, • It then passes "up. th'e north .side of -the- esayon fend . . •

.. ' wag. traced up to the S5Q contour; • "to/- the north of the. river .it is en-- •' ' . - . . -

—*§«*



. ' • -tirel̂ '-pa ijh'e upstream side ;of t&e dam sad .frois. 50 -to. 150 feet .

' . . -away. . - :

• • • The better exposures show -that the lower (02*-western)

'•• •' . -part of the-'slate band, near tits? - contact with Division .5, has been

• • •/•'-''.'. '''.•'. >,:,.b*â ea; ̂iid;'"0ii@ar̂ d, and-about 'S'.to'.7.fe;et. Croat-the-.ebataet -i&'."& -iift-s •'-'..'•'..

'•'•.-'•' .. • ' " - of .clay. goug«f
:-BOW d'iy-fend rai&er-hard, ;•.- :./ :" '•:--•'..••'"';:.;', ::'•".•..•_• •

• . . • ' ' ' • ' . ' '-'pi' the -south side of'the canyon,,: th.e slate, ijeit cuts - . . • - . .-'

.' ..'.'•' ..•-V :--;. Qbliqaiely.acroes tander.-the/-dam between' 'the rives?, arid;"the-$5& foot.":. •'-. • . ;: .

' . Gonto-or* • ' • '.

DIVISIOU.8. To the west of the slate is a maseiye fine

' • • • • • .•• . ..-.' graaulsir r-0ek of- igasoxis ...origdja that aay have' originally-bean a lava.-., .;:

( • • ' flow.' Its exact natitr.e could pfoba.bly be deterained. by alcroscJeplq •

eocajainatioa. It is fairly u.aiforia ill texture and composition.

The fractures in this massive gi'eenstoae 'are widely spaced

and at irregularly varying angles* A definite series of fissures cor-

responds to the stratification-cleavage directions of the region, and

:. .- • st S5 feet from' the slate coittaet (on 260 foot contour) w.v;s. measured as. •

U Sg° Wj dip .62® HS.. Qccasioiially these, fracture -planes are -Sell deysl- ".

: . :• . oped,, but.usually are. jao't-̂ ssiop-tfe'ajad -often, not.very fl«t".'(pla?i$)«: .'.They
- • • ' • • • ' - : ?...". . ; . - : - . • • ' •• '. '•'•> •'•.'• '.-•'•"'.'•-.•'.•••''" ''•'• ': •'•'•• • ' • - , . "-':'.' .« .'. ' •• •• -
'• -'. • ' :-'\ ••'••;.:.-•" 'ai*̂ :irregGLLafiiy' sp&oeiJV " . . .> •'- .' ••• .'•-••'"• .-' -• '-k . .\- • .:• •• • •'• •' •. -.

A fracture direction striking about'S 28° S and. dipping 1Q°~

'-. "" • •' • 15° 'W gives occasionally broad sui'faceis along which 'ihe rock "breaks off .

in ledges, • A transverse fissur.e H 50° E with dip"76° HW gives rather...

. ' . even surfaces, Another direction with-strike I 2£°'W and dip £0̂  W

: ':'• ' • • • . • . ' develop0 .a •nwaber;. of ssooth faces up to 59- or more'feet-across sod shOKiftg
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soiae jaoveaaemt of'the blocks 'dom thfe dljk;' • Such a movement would carry

the blocks do?aa the canyon obliquely towards the river.

Other directions of fracture wers observed, not falling

•• • •- into; groups but irregularly, drifted.,/, sad .were not inaî ridttally .measured*- .

•''. '.' ' '•. ' " ' •• ' ,lt lower 'levels] is t&e c'anyejh,' .th© .yqek of.'B-iTi'gioji-'S.'.is;-.byqfê ;

.'':•- "en by" these various :;|t4ett&es £&%> large Irregularly polygonal. bl$eki3..-froar-

• ' a. few inches to. 10 -.or 15-or more feet' across. • • • . ' • -' •

• ;-.'.•... • ••• " --;'•'•••$&• the- sou'th sM̂ -'o'f ;'tlie-'r£irej-' and--rjjist-'west of ths'slat'®---."'•••..;•

. belt, this Biassive greenstone shqss a bulge to the east between the river

and the £90 foot contour that has pinched somewhat the slats belt and

' '••• .-caused it to rao'ld' i'tsslf•. over; thfe: top of. .ifee". buige;%Ed pTarthickea H'<̂ '2S."

or feore feet 'and show a certaia. amount of .distortion., ' fhe .gteeaston©

in the "bulge" area has been transversely fractured and the fî ietures

have besa filled p,'ith quartz veins. Many of these veins nm baci: from

the slats con-tact, branch irregularly and join other veins or d5e out.

. !£hey are most3y narrow but occasionally reach 4 or 5 inches in thi<jknessj

_•*'. .£tnd one intersection- sh"p'v?s .10 iaches. of quarts,• 'The yeis& stop short-at

: ' the slate contact and do not enter the slate. Strangely eapugh thsj " .

psit d£ the:slat&":'b01t. jsear :th®;.-coHtac;t casri.es'almost ao:.vein .{jusirtss*- •

' ' ' Within 'the sassiv© greenstojie mo'st' of -the. veiMng" is; ̂ itbiii tea 'f eeii .of'

the slats contact although soa© of the larger veins r-ua' out £5 or.- S0 '

feet.' ' • .. '

. The described pbanosaena of the bulging, 'fracturing -and vein-

ing of. £he massive greea-stoa.e-, • and the-banding,, pinching, end swelling of

.". •'• the sl'a-te>.'.evidently .nseans local. Jaechasical defprasation. ijb probably" - .';_:

,?_
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• . . • • ' • ' ; ' . ' • '•" ' ' took pl^ee-when: the region. sttff^r^el i^s-. oi'igiaal fdifiia^ "dofoi^ation. . , "

that turned the beds into their present hlgh^-dips, . The complete heal-

ing of the greenstone fractures with quartz aad the abssnee of reopen- •

•ing^phenpjsena# Indicates a relative antiquity* .Sia sioveaent indicated • • ' - . . . .

• ; " . • ' : % ' • ' . . • ; • . " ; • : by •'.%'© gouge in. t?i$." slate .bsnd.Is a^cH ;iater/^d/ajwrelaied>'' ._ • .;/ ' .V ' . ' . . ; • " ; • . ; . ; . ' • - • :

... . .-;•• - • - . . . • • • : ; . ' ; ' • =' '. :. • " The. rocjcs o?'Diyisi6n---S,-'ar&-Deposed alphg -the ;.riv-.©r- pa.'itfe-. ' ''•'. ''•

-;. • ' ' • south side, for 'about 150 fe^t aacl"at this elevation will be entirely ' ' •'.'•

;. .. • • • ; - : ,.- • .-. 'eov'er.aiJ by .th'e d.ami"' .Goi»g-;txp the -south:.-side'of--.'the. csaiiyoH above the: '•• • . ' '• '"'. ' _

.\ • '• btilge aiid "oelt rapidly narrovrs and passes out from under the dam between

about the .£70 and the 340 foot contours,

. ..." ' • .' .. . . - . - . ' . -. l^oyth .of the. .yi.yer.>;. 'v^d-ythe north-:' of ••thsj.riY.egy .BJyisioa . . _ ? •

. ( " • ' • ' • ' S is-tha citief'belt -underlying the'dam. ¥&ry stfikiia-g.'a^e carts la-, broad- ' ' ' .

ly developed fracture plr '̂ss giving i-ise to bro&d, rather smooth surfaces^

aome of which have recently been cleaned off aad exposed.. They- are best

developed in the first £00 feet above the z'iver, as above that the rock

becomes jEor'e platy and appeal's less passive, due to the action of weather-

ing in developing a larger number of cracks and fisstsres -along the

.- • stratification-cleavage p'lanes, One of the -striking cross fracture '

' : ' - ' • • '=' -:'.''§u£'fa.<3e^-^^ strikes H. SS°" & 'and "dips -S9?-Sg,: aadogives a .slbpe of the:. - . . ' . . . •

; • ' . ' . ' ? - . . . " - . . 'f^Sfjsiuyfe-j>3^ae • tqwai'd'S t'h@ "ra'ref;*: •'••'.OtJier siaailar-plants oceija': at somswfiat-- " . .'••

different attitudes* As noted south of.'.the river, there are indications

• "'.. - • . .that movement has taken 'place oil -these fracture planes r but. th-e' slopes' • .' " '

involved on the aorth side are steeper "and longa*' than ifeose on the south* .

" • • . .: ' • . ? As. 'iaentioned above, some o'f these faces' have 'already'b-feen

{' . - . - . . . ••". stripped'but'at-'the time of my.'-vrisit %hers..v«Es still a ^large mass-o£ . •'. ; . !-. .
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material jtist along and ;to the east--o'i1-the-eastern, line'of the da®, • ' • ' . . " • •

and extending between the 280 and the 450 foot contours • (liaits 'not • '•

: ' accurately determined) which lay over such a face. It represents

material that- has previously moved, and is disturbed- and broken i# . .

.; ' . ••• ' • • ; •guch.-a.way'th^t it-.h-as fejf: cl|arse-ter'• of' ^tiacoixsoiida.ted'' :mater4^*'-''--'':''"•:''• .',• '/

.,..'.;. ..-iad u&cier favorable c'onditiGae.Mght.ViBGveor -slide-.in-:part oi-• ds a;- . . ; . ' • • '..

• ' ' '-^hole*';• Two factors that- wotild'.-tend'-to ^tart'ffiQv.emeat aire?;.(!}' thorqiigh ' •:

...'.. . :•;••• •Iwettiftg.-of the^old ra.ovejaent glsae or plaii.as, .(2) r^ao-vaS, of- support b^.' • - . • ' • ' .

I'putuing into lo.wer part. At present' the planes seem rather dirj] the

rains of this? winter have apparently not penetrated to aay great e2C-

/-teat* .-It 'nill.appa. eatly.b-e mecessary-io citi iiito the Zower part.of v .-.;.•••

r I iiife' slide material in constructing'the dam. ' Tt may be'that -the'dry -' ' _ •

condition of the moysmeat planes•will frieticmally hold the • material

.even if part is cut away« The restalt-Kay depend .pa the rainfall during,

the next month or two, . • -

DIVISION 4. To the west of Division Sj south of the river,

•the rocks become.raore distinctly bedded again and break up into thinner

layers ©long the. stratification-slaty cleavage"* •• Sot, hot?ever> 'to the

., -eacteht 'of -•.Division •£. -Hie .b^.^.'is.ac?derately.jn^ssive".and "breaks, into . • ;

-fairly.'.-large bl.ocfcs aiong" '̂ ros'S '4^8.ctaresii; «ych, as 'cine''K '60^, 'B .witfe.'. '...-' • .'•, ,.-

'dip S8° RW, and o&ei's S 75° 1'with"dips of 27°.more or less., Th±0 '

( divi-gion tmderlies the tos of the- .dam from about the £70 .contour- south , •' -

of the river to the 520 foot contour north of the river..

. - • .'. ' • DIVISION 5. .?/est of belt-4 .thfe rocks again become -snore'massive,

-Ag'this division is entirely west, of thB-dam no. further description is: _ ' . ' • ; ' •

. . •". •--given; .-..- - ' • • - - • • ' : ' ' . ' ' • • ' ' , • •"•' . ' •'.
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'..,' ... '• SIVISIOS '0i ; Ihe.upper part of the <3a» south-of the :

river, will lie on a formation tfout was not studied aloatg the river,

It lies east of Division 1 and cuts diagonally across the dam line.

It ?/ill underlie the dam abo.y©. contour 450* . It is a volcanic sequence.!

• 'location .strikes. 8 •• 30° W and dips 81° 1JE*: -Hiere cro-asfed-by l&e/daia.;'

.' it- as; at a jiigh..altitude and .has- .•suffej-sd-'sol'-e .froai'_ ??ea1&"ei?to.g'-th.aa .' .-.-

i -f.ho '"Prfrinssi-.TrvTjs! '*!f\w»t>- (^<rwn . . 'th.e."formations lower.- do?m» •

(
. . . . ' - . . . . ;'.: . - . " - 0-£paGE 3,-LO'dDpSAGK , (Sigĵ).! . - . .-._

UOT-E* ' Is the accompanying aap -the tracing of the lines tip the :

sides was aot;.done in any detail on account of limited time, They

are believed to be approximately correct* The topography represented

| on the map was coaeiderably altered on the ground by the extensive
t' -.' .
I exesvations that have been made and the stripping of part of the -dsim

I •' ' ' ' • - - "•sits. • . Locations were.-therefore dif'fici?lt to ffi-akei .and- -the plotting- •

• • of the geology has been done to /represent as aearly as' could, be estimated

I • •• the 'condition's.'.as'.t%y -were bfefars. the recent • •topographic-.c^aiiges* • ' . -:-

t*
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