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Estimates of Depth to Bed Rock at 

some dam sites in the Gunri.isoq, 

Little Colorado ·, and funi Ili ver 

basins. 
. .... 

1938-39 

H. Cecil Spicer 

In order to obtain estimates .of the . thickness· of the deposits .··· 
. ·. . . -y 

overlying the bed rock at the dam sites given in the report by Piper. ·, .-... : 

an 1_ nv~ sti p,ntion was undertaken, .enjamin · E. Jones supe-rvising • . · The · ·· 

earth r~siativity m thod in conjunction ·with the Gish-Rooney apparatus 

was Pd in th~ determi.na tions ·of depths of :fill at all of .the de.m sites ·· 

of this report. 

The dam sites that are reported herein were loeated on the . 

Lake Fork Gunnison, main Gunnison an<\ East Hi V':ers .in Colorado; · and 

on the Z.Uni and Little Colorado Rivera in Arizona . 

The field personnel were: H. Cecil Spicer, party chief'; 

assisted by John Pesheck , recorder; A1'~hur B . Wells, Byron s . Flynt · 
. . 

. . 

Chester ~'1 . Thurston , Jr., F. 1'1 . Dyer, Jr·., rodman; the party maxiiiiUi'll 

w8s never over four members. 

In general, the work was performed during very favorable · 

w~ather conditione. 'lhe :field work was begun August · 2 and ·completed 

Arthur M. Piper, Geologic features or : certain dam sites · in the . 
Bear River, Colorado, R1 ver, and Rio Grande · 
basins, 1936-37 • 



November 2 , 1938 • . The interpretation of _.results and .the _prepar&-

tion of · the report was done by Mr. Spicer during the .period - · 

November 16. 1938 to J a nuary 25-, 1939. 

The original resistivity curves are not submi tted as ·a .. ·:: ,_ 

part of the r eport ; bu t have been interpreted and t he results · 
. . . 

. . . . . . . 

presented in figures and tables where possible, along with · some-.· 

COI!lments. The Lee modification of t he w :\nner configuration of 

electrodes was used throue;hou.:t the ob servatlon_s,-_ consequently, . · 
. . . . : . . . . . . 

. . . 

all intervals · i ndica.te t h e total distance between t he po.tential 
. . . . . 

electrodes and should in every instance be. divided by 2 in order . 
. . . . 

to obtain the distance from ·the . center of t he line _·or _station; 

i. e , the half interval indicates the dis·~ance from the line 

center or station. P1 is always .· run ·upstrea..-Tt or uphiil, and P2-. 

in the opposite direc tion · and thus indicate t he· port ions of ·the • ·' 

appar ent resistivity above and below the center of t he line. · 
. . . 

Figures lA. a.nd 19A, tha.t explain t he geolo ,~ on th e · 

maps of t h e si t e a on t he Lake Fork Gunnison, Gu.n.n.ison a nd Eas't . 

Rivers, are included for convenience, and the coloring scheme . 

is the same as u sed by Piper in his r eport on t he. geolog~c 

fea~ures . · 

.2 



Gunnison River · 

F.E.st River Dam Site (;;~4-c) .. ,. · 

Four of t he seven r esi sti vi ty lines completed a. t.. th:i..s · . · ·: 
. . . . . . . . . . . ' . : 

site were to determine t h e thickness of the o-verburden , while the . 

other t h r ee were to estimat e t he t hickness of· t he hi gh ·terr.Ce · 

deposit and t he Dako ta( ?) sandstone • . Formati on . tests ·were made . 

on t he differ ent materials a t t he site in order to. as_ ist in t h e 

interpratation of t he r esistivity curves. 
. . . 

Fie:ure 1 shovrs t he location of fr.~. e r esistivity lines . ' 

wi tb r espect to t he proposed a.xi s, directio·n of t he line of 

electrodes, and t he maximum inte·r va:l for each;. The summary of ·· the · .. 

interpretations of t h e r esist_ivity_-·curves is in. Table 1 • . A cross 

sect ion alon,o- t he a.xi s, Fi t-:ure 2, was dr wn vii th t h e aid of Ff ,o;ure · . . 

1 and Table 1, and shows t he proba.ble . gr anite bed rock surface·. -' 

Lay-- ring as i nd ica t ed from t h e curves is shown fo r ea.ch sta.t i on · ·. 

in Figure 3. 

The topogr nphy wns such . t ha t a lon ~ line was not 

f e~s ibl e on the 3 ,170 contour a t t he ~ .... ~i $, . so line., 4 was located . 

47.5 f fle t above and abou t t he mir3.clle . of an outcrop of s~n·ds tone . 

up stream from t h e B:.{i s on the ri~ht abutment. -· Tl~e up- . a.nd dow~ 

~tresm extant of t he sands to ne outcrop appee.red to be small' and the ·. 
. . . • · .. .. 

r si s tivity curye for t h e line i ndicat es . t ha t t he sands tone r apidly , .. : 

t hins out upstrerun from t he center; but · downstre·atn .t he t h inning is . 

slovT r e.nd. is p robably nea.rJ y discontinuous in both direc tions 

3 .. 



.· . . . . ... 
. . . ' . . 

within the 150-foot interval. Con tinuoU:s granitic rock . is covere·d 

to nbout 1?9 feet, somevrhat deeper than the map indicates at thia · 

point. 

Line 6 was limited in extent by ' the. topography, · but :the 

curve indica tes the thickness of t he sandstone' also t that the gran! te · . .. 

ls horizontally dtscol'itinuous .in both directions of the line and ·the ·: 

ov rhurden t hiclmess correspondin,;ly~ 

Consider able difficulty V1'as encountered on the ri~t abu~t- . 
. . . . . _.· 

ment in tryin~ to locate t r .. e cen.ters of. t t.e resistivity lines . and: . 
. : .-.. . .. 

. . . . 

thei r direction~ so t h t they ·agreed vii th _ the topo gr aphy an:a the .· 

geolo cy. Proba.bly both are of ske t ch qnali ty. · 

Fo tion tents on tbe . r~nite rock of t he le.ft ·abutment 
. . . . . . . 

- . ' . . . ... . 

g~ve a r ant;c of 147, 850 to 465,000 ohm em .··. Adamp- _ la.yer .·of . 'decompo~ed · -

gr~n ite and soil covered t he harder rock, : and .is . thoueht ~o be -the ·.· · . .. . 
. . .. 

c8.use of t h low· Vf)lues obtained at t he smaller inten~ls. · A ·form-. · .. : 

. ati n t es t on th e dry (D<'Jcota.?) sandstone eave a rp.ng of 39.d6o ·. 

to 54 ,375 ohm em. over t he sntne intervals. · 
. . . . . . . . . . :' .. 

Results interpreted from t he apparE~nt resistivity cu-rves 
.. . . . . . . . . . 

of Line s 1~, 5, 6, s en1 to not be iri a c;reement vTith the eeologicaJ. .:· . . .-

nterprettttions for t he ri r::h t abutment . Line 4 shows tht:\t gr~.nite. 
. . . 

rock lies belovr the discontinuous . sandstone; Line 6 indi.cates· a 
. . 

.· . 

frani tic 1~.yer belovr the sandstone tha.t is deep,enine in . both direc tio~·s · 
. . . . . 

of t he line ; a.nd Line 5 has a. bedrock l ·ayer v:ri th an ·ipparent _re- _- < · · ·· 
. . . . . . 

sistivi.ty so hl gh that it would be r~ther . d.lfficU.lt to interpret it 

othe r t'b..an f.':TB.ni tic. Thus it a:npen.r~ t h.at t he gra,ni~ic rock is con-

. . ·. 



tinuous in t he ri gh t abutment, ·and the · sahdstone layer i:$ di-sco~ .. ··. 

tirmous somewhere between Lines 4~ . 6, and 5 • . · 

···. · .. 

... ·. 

. :.·.: 

.I .. 

r-· ·.· 
. I . 

. I· 

.· ·.· ··,· ... 

• 0 ~ 

··:·. 
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EXPLANATION 

JX>R GID:WGIC MAPS OF DAM SIT~ - ALONG THE 

GUNNISON RIVER,_ COLOBADO• 
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Qal 
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(coarse gTavel and. boulde_rs) · 

' .. 

. . . . 

·; •. Qlt .. ·. ·: . '[;]··· ·· ·,. 

. . .· . . .· 

LOW-TERRACS.: ' DEPOSIT ' ... : . . 
(gravel and cobbles with sane_·· sand .. . and b_o,~lders) .· · 

... ~l <' 
~ ' . 

HIGH--TmRACE DEPOSIT. · .. . ··. . . 
(unsorted sand,gr vel, and large .-_ sub~>..ngu.lar _ boulderi) . 
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· AND SOME OLDER SEDIMENTARY ROCKS; .: · 
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. .. : .. .... s~ : ·.· 

· .. . 

... .. t. · .• 
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o , 'I 

• • 0 • ~ • 
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(biotite gr a.ni te or qU8rtz-monzon1 t e· ~nclo. s1ng· extel).si -ve plate• . .-. . .. ..... . 
of schist, the whole cut by younger grP.ni t ·e; also, dense_ .. · _- · 
massive schist intimately inV'sded by granftoid etr·iDgers • .- .: . 
Ruled color_ pattern indicated areas in whiel;t t:hese- roc.lti ···. · .. ·· 
are concealed by talus and slope wa sh) . . 

~- 8oo 
. . · 
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l 0 ~..:.-.- .. 

. . 70 . . . . - . . . ' 

STRIKE AND DIP OF INCLIBED J'BACTUU 

_A__.___,_ -- ··-. .._~·--:-B . 

suoo~TED P_osx'l'Ioli ro:a·: DAll · 

. · ... 

' ' • I 

., . 
'' . 

. l.' · 

•I I: •• 

t . '; 

. , • . . ·. • · .. 

.. 
,. " 

: ' . .. 

. . 

: .. · .• -·~· -; .· .. .. 

. , ; 

· .. 
.. . · ... 



Line 
or 

Sta tion 

Table ·1·: ·· , . . 
. . 

. . ; . . . . . . . . 

&..mmary ·of il'iterpretations .of a:rrparent resfsti vity curves 

East River ( Gun~ison 4C) .Den Si·te · ·_ 
. . . 

. . . 

Location 
: Elevati0n 

. : fe et 
• 

, ' . ••. ax~!:!U.m 
Electrod.e 

E-st imated ± 10 ~ 

of 
fill 

: Thiclmess 
_: of· 

bedro_ck· 
· • • • feet . : f eet 

.1 • . Left bank, wat er's · e 9-ge _, on axis -

2. Right ba nk , v;at er's edge, on axis 

2A. Ri gt t bank, on axis , o n ~. 139 f eet from lir.e 2 

} . 

4 • . 

·s. 
6. 

Ri g:~ t bar.Z, on axis, on Qp.l. 
2 on -ri [Lt a~~tment 

See Fig. 1, on right abutme~t 

See Fig. 1, on· ri Ght a~Q tm ent 

219 . 2 f eet f r om line 

250 f eet abov-e Line 3, . on ri m t abutme:1t 

Depth to grb.ni te. 

6 

. . 

. .. 

.. . 

. . . 

. . . 
: . 

.. . . 

8045 : 200 . • .· . 4·3 . • '- 1r:;0 . . ' . ,.,- · """" 

8045 -·. . 350 .. : . 75 : >. 275 

go6s · . 300 . . • . 63 .. • ·, .225 . . . . •" 

8070 -· 268 . 4 : . > 225 . . 
350 . 1'23* -· ,·' 200 . . . 8170 

250 ·: . s4• • ,~ 200 • 8 230 

100 . . . l b* • / 75 • . . 8150 
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Gunnison Ri V'e r - · 

Almont Dam Site (* 3 ) · 
·: .. . 

Four r es istivity lines were cotnple~ed at this site in. · 

order to det ennirie t h e. t h ickness of t he low.;. :terrace . den o.si t . . ·· 
. . 4 .. · . 

Fi gure 4 . shows t he location .of t h e lin~s ·with re~·ect to t he .. ·· .. 

·proposed axis , di rection, and ·the maximum interval · for ea ch. ,. 
. . . . . . . . . . . . . . . . . . . ~ . . 

The . re~ts from t he · interpretation _o.f t he_ ap a rent:>·:· 

r esis tivity curves are g iven in Tabl e 2 • .. A cross section along _· 

the dDm axis wi t h t he depths to bed rock is shovm in Fi gU.re 5 · 

and vro.s p r epared from Figure 4 a..'ld Table 2. The proooble · 

. l ayering is estimated in Figure :6 for each of ·the .· stations.· 

. Lines 1 aDd 2 indicate· t ha t _t he .bed r ock S'\lrf ~ce is 

about t he sMe depth in both dltections fr0rn t r.ec·enter station. 
. . ·. . 

Lines 3 n 4. hoTiever, trenc .. to11iar d t he intel!'retation t~~t more·.· 
. . . . . . ' 

continuou~ bed ro ck li e o ur>s tream and t r_e t r.i ckness of .t he over- ·.· 
: .. . . ' · .... ,. · . . · 

burden above it probably decr~.;tse s _i n t r.e upstream dire~tion ; 

\'Th lle Jov;n~ ~ tr eam from· t he ·center, hor.i.zon t nl · discontinuities ·. · . ;. f . 

snpeFLr to b e present on t he t , ,·o curves t i:n t vtould increase th~ . 

d~pth to co!ltinuous b t:.!c1 ro ck . . Tl1e intervPJ. s from 200 to 4oo 

. feet on line 4 wore tnken follOv.'ing a heavy r f!.in , and ,may be 
.:· .': 

. . ·'· 

: ;' . 

. ·, . 

sl i sh tly d i ffe r ent f rom t he ones t hat would have .be en •obta inP.d . : · . . 
. . ·. . . .· . . . . 

. .. . . ' . . ' 

i :£' t he tra verse couJ.d fu:tve been · completed before t he ground was • ... 

· so'"l.k:ed. A. line hi .tthe r up t he slope from. station 4 woUld have ·. · 

. been desi r abl e , bt.; t t h e nature ·of t te terr~dn made it im-

7 



pra.c tical to obtain a~ so marty l a r ge . bou1d~rs vrere pre ,sent.~. ,· .. .. . 

· It was not possible, : topo graphic~lly; .to extend Ti~~ l 
. . .. 

o an inte rir~.l l a r ge enou;;h to see :i:f -there ;wa.s an.v change . in ·.· 

the char a cter of t he apParent ~esi sti vi ty C'\live as . it passed_ .. · ·, 
. . . . . -

fr::>m the massive :gr anite to t he ·. inctosine ln ~sive : schist~· 
·, 

. . t 

. . . . ~ ·.. . . . , . 

·.· .. 

. · . 
. · 

.. . . · 
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Ta.b1:e 2 ··· 

Sun:lary ·or : ints~retations . of apuarent :r esi.:s tivity .curves 
. . . . . .. ' .. _:. . ·. ... . . . . _· · . . 

·. Almont ( Gunrd.s on· River if } ) Dam Site 

Line · 
or 

S te.ti on 

: Elevation . : . · ~:axi::nun 
Location. , 

--------------------------------------~------------~- --------------------

1. · Ri e;ht bank , edge of r oad, on axis , 10 ·fe et . 
from stream 

·· : 

• • 

El ectrode 
feet . : I nterval 

. feet . 

7~93 . 300 . 

. . 

• .,..,sti:nPted~io 6t. . • L ..-. · - .... . ·z: 
Dept h . : Thi~kne ss 

·• of of . 
fil l . bedrock 

: · .feet . f eet . .-.-........ 

.. 33 : > 270 . 
. 7931 . 3371/3 : 100 ': ·. > 230 . . . 2. Lef t bank, 'Water 's edge , on axi s 

. S023 . 355 .. 1~ ·· : .· > 200 . • . 3· 1 65 feet along axis fro t-:1 line 2 , left bank · 

. 8035 • 4oo . • 122 . ) 1 00 . • . . 4.· 100 feet al ·~nr axis fro1n line 3, lef t bank · 

9 
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Gunnison River· 

. Uorth :Beaver Creek Upper Site (' .jf . 3-A ) 

· . . . 

. . 

Tvro of t he r e sistivity lines at t h is .si te 

were located on t he dam axis, Md t h e three otherlirws were 

po ~ i tioned wi th t he centers such t b8.t t he ·g r eatest ·separation :. 
. . 

of electrodes ·could be obtaine on the area .available. Fi. ·. re _·7 ·. · .. 
. • ·.· .. 

shovrs t he posi tions t . direction, . ext ent and t he maxirrrom i'aterval · .... 

of the r es i s tivity lines. 'i' ble 3 is t~e summary of r esul ts c)b- . 
. . 

t incd f rom t he interpreta ti on of the r esistivity curves. ·l. 

sketch of t h e cross sect ion along t he · axis, 1i5Ure s·, · bas t he · 
. . . 

bed r oclc surface in icated by a dotted lin·e from centers 2 .tc> .5,- · · 
. . . . . . 

s the 1 ntervenin~ dep t h s were p rojec t ed on t he axis to th e ·. · ·· 

p oints ~here t h e traverses crossed. Th e ·l ayering·, as i~ter~ . 
. . . . 

p r ted f rom t he r esi s ti vi ty curves, .- t ha t p robably exlsts be-. , 

neath t he centers of t lte lines. is · shovm : ·in Figure 9. 
. . . . . . . ' ' . . . 

The indications of t he P~ · and P 2 po~tin~s .of t h e :re- . · 
. . . . . . : . 

sistivi ty curves tend t o justify the pro ,jection . of t he depth 
' . . . . . . ' 

· indications from lines 3 and 4 on the axis, in tho,t t ho bed rock .·· 

profile i!l nearly flat beneath the traverseo of t hese lines • . 
. . : . 

· . . Line 5 was t aken under ·rathe r unfavo r able topot;raphlc ;. :. · · 

con i t ions al 'ng t he edge · of t he D • . and R • . ·G. W. R. R~ ·fill ·. · 

adjftcent to t he abutment wail.- a.n,d four .feet · froi;l · t h e center · 

line of t he tracks. The 1 ina vrns -placed in such A. mMner to : 

. attemp t to .loca te · t he· thick plA.te of schist · mentioned on e.ge 

10 . 



' . . . . ' 

46 by ~r. Piper. · Formation tests on t he vret gre.!'li te and $Chis t 

. were not obta i nnble , but f11om _ the dry formation t ests .it is 

inferred t ho.t probably too little difference exists between the ·· 

trro mat erials to have . sufficient ef'fec"t t .o" be noted on t he . types . : 

. of curves for t he site . The gr ani te and achist . is also .. closely · 

.lntergrown with inclusions v-rhich further com_plicates any at:-

temp t to separat e t he individual effec·ts of each on , t he curve;. 

Fro ~a t he curve, the spur-1 i k e feature above the land surface · 

. appears . to continue "streamward. "heneath the .line · _be·gi~ine. vrith . 

a sharp drop from the 50 . to 70 feet .· interv:U and · con~ln\le.e . .. 
' .. · •, 

. . 

downward less steeply to about ·t he 120~foo~ interval where ,: , 

·continuous bed rock 1 s indica ~ad • . · . · . ' •, 

:. : . 

11 
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Figure 1 . .. 
. . ~ ' 

· . . ' 

Plan S~~le 1:4800 o; l inch= 4 00 feet .. . ~ .. 
4oo zoo o 4oo aoo · · ·,2.oo Feet . . · 

Con tour tnterval 10 fee t 

Datum 1s m ean sea . level · 

. . . . . . . ~ . 

Locotion,direction ,extenfond maximum intervCll 'Of resi :stivltylin~S - •.... .. 

. . \North Beaver Creek)Upper Dam Site · 

·. ·· .· . 

. : . . . 

·· .· .·.· 



Table -·3 
.. , • 

Swmnacy of i .ntery.retations· of apparent :resistivity curves . 

· North Beaver Creek Upper Da.::1 Site ( tff 4-c ) 

.·.Line · : Elevation . . . . 

. Location · · or 
Uaxirr:um : Esti~ted:f.lp.._, 

Elect!'ode De-6th : Tl:d ckness . 
. Sta tion · feet . : . I i1 ter:v?..l : .. of .. · of . . 

feet fili . bedrock 
: : · fe e t · : · fee t 

1~ · Rig.~t ba:lk, on .axis, ·at ·. water• s e9-ge : . . · 7.500 .. . 200 • 27 ''-· . : . >150 . . . 
2. Left bank, on aXi s, at water's e dge .. 7500 . 200 ! 4o : . > 150 

J .. On qp.l, see map F].g. 7 · 7503 250 ·. : . 51 : / · 2J0 

4. " tl · u tt II ·u .· 7503 . 200 . . 36 . .. >1 50 . . . 
5· 37 . 5 feet upstream from rods, .4 feet . E. ·of 

. R. R. t!'acks 7515 2'JO : 131* . >150 . 

• S6e text 
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Gunnison River . 

· North Beaver Creek Middle · Si t'e ( 1/t2 ) ·· 

The fi'ti-e resistivity traverses completed ·at this slte 
. . . . . . . 

. enabled estimates to be made of the t hickness of t ne overburden 
. . .. ', . : . 

·. above the bed rock·. Two of t he lines were not centered on the ·· 

·. p roposed axis . The position with. r e spect to t h e axis, ~irection· , ·. 

xtent . ~d the maximum interval of el-ectrodes for ea.ch -line is · · 
. . . . . . : ·.- . . . 

. . ·. . . · . 

. sho,.,.n in Figure 10. Th·e results from t he interpretation o·f the · ·· 

app rent r esistivity cu.rves a.re . suramarlzed in .T:tble 4; artd ·in ·. 

· 'P'ic;ure 12, t !·. e p roba.bl e l ayers beneath t h e stations t hat vre.re ·.:·· 
. . . 

estimated fro m t h e resistirlti~~ of t he .m teria.ls, l~ shown to 
. . . . . . . 

· scAle. In a cross section of t he ·ru;un · site along · the p roposed .: _: 

a.xi n, Fi gure 11, t he bed rock protile be~eath . stati o ns 3 !l.nd 
. . . . . . . 

4 i s a do t ted l ine, indicating t hat t he c en ters-otthe .. re- ·· .. ·. 

, sistivit~rlines were not on the axis, · and t hnt t he .deoth deter- .·. 

mina.tlons were projected to the point . where . the .traverse . crossed 

t he n.xis. 

The b ed rock surfac e b eneat h l in~ 1 is e s timated to . · 

o i p downs tream . However , as t h is line wa s quite difficul t to 

obta in, due to t '1e large B.tilount of recent hi ghway fill alone the · :_ 
. . . . . . 

stream bank , indicat i ons other thn.n t hickness ·· of overbur den .from · 

the curv~ s of t his line 'fTere disre r;ar ded. ·· The· bed rock .beneath 

line 2 , also is estimHt ed to be at· a shallower dep th upstream from 

·13 



. . : . . .. · . ,· ·• 

the center. . Along line 4, t he bed rod{ mirface · a.s shown· by the . ·· 

apparent r esistivi-ty CUrVe is . dip ine clowns .trea•n~ . put.·~- zone. Of . 

discontinuity a-ppear s 0!1 t he upstream. curve forth~ 9,0 to ··:140 

foo t interval t hat is interpreted ·to . be ~ thicke~ing: 'oi the .. :.:,· 
. . . . . . . . .. . . ~ . . . 

· .. ·· 

. lo terrace an tnlus ove:rburden. The ·downstream portion._ o:t· tl:i·e ·. 
. . . . . 

curve for line 4 , ho·rrever, ~- appears to. be· cortti~ou~ :r:~(,.ck~ . 

14 .. 

·. · .. 
. ·.· . 

.. . . . . . : . . 

\ . 

. .. ; .·. 
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GUN NI SO N RIVER DAM SITE 
. MILE · 2.0 

Figure 10 

. , . . 

. . . . . . 

Location; direction, extent and maximum 

i nterva , ... of reb.is t 'rvi ty·l i n'es. 
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Table .4 · 

Su.'llffiacy of i~terpreta ti()ns cf appa rent r esi sti vi ty curv.~ .s 
: . . . . 

No r th Beaver Creek Middl e L\9..'!1 Si te ( 12 ) .· 

Elevation : 1.1c.ximum Line.· 
. or 

-station 
Location ·. !TI,ectrode . 

. l. PJ.ght bank ' on ·axi ~ ' .at water's ecli~ . 

21.. Left . bank • . n .. tf ·n II 

2. tl M II II ·27 . 7 feet from R. R. tracks 

3· 

4. 

II 

" 

II see map, Fig. 10 

U II .. U tl II 
' 

. 15' 

fe e t : I n terval 
feet · 

7489 :. • 2)0 . • .. 
. -7439 . . : 120 .. . 

• 7435 • 250 . . . . . 
752J • 300 . . • 

7532 . 3)0 . . . . 

. . . . . ' . -

Estimated± 10 ·'/J 
De;;>th : Thickness 

· of of 
fil l ·: bedrock . 
feet f e e t 

ll . . : ). 100 

26 : . ) 90 

50 . -' 200 . 
110 . ! · ) 150 

6o : . (see 
text) 
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Gunnison River 

Uorth Beaver Creek Lower Dnm Site ( f lA ) 

In Fieure 13, the seven resisti vi t;v lines compte ted at 
. ... . . .- . . 

thls ~i te are shown a.s to posi tion, _ direction , extent and ,maxinlu.m .· · 

. electrode sepo.r .q.tion. The interpretations of -the apparent re..:. 

si sti vi ty curves are summarized ·in Table 5, ~i th the layers, · :a:·s · 

estimated from the resistivities of t he materials, giveri .to ·scale · 

in . FL:;ure 15. ·A cross sectionofthe site at .the axts is given _··. · 

· to scale i n Fi~e 14. Line·s GB, 20 and 2D are omitted ·frorn . ·this ·· 
. . . 

. . 

. figure as t hey were not locat ed ·on the axis. 

It was necessary to locate line 1 along ·t he streamvrard _.: .· 

ed ;e o:f t he U. S. Hi ghway 50, as recent road fill and depth of the : .· 

river made any other position .on tho axis nea.r .the ~ater 'e edg~ · 

i mpossible. Nevertheless, a smooth' curve resu.lted . that gave· a · 

[rOO . interpretation. A very hi$ conducting lnyer is- pre~ent .. on :. 
. . 

t he cttrve at Rn anuro:ximate denth of 85 feet, but no sU.ch i~ 

dica.tion appears on the apparent resistivity curve s of ' the left · . 

. bank , so th exact nature of t he materi~tl is not knovm Emd .is 

a.s3U.med to be a. local concli tion, . possibly in som~ wa.~r a.ssociat~d-

with t he fr8.ctures present downstream from the axis -in the ri P; t 

a. bu. tmen t. 
(, .. 

Lines 213, 2A, · 2C.and .2D vrere positioned almost perpendi• 

cula.r to t he axis in a.n effort 'to deli'neate the · gr~n~~e . rib ·wh.ich,:.>·< 

16 • ... ·. 



according to Pipor. p . 43, crosses t he river · along the axis • . · The · 

. bed !'ock surface b en eath these lines inclines slightly downstream· 

to t he vicinity of ·line 2D where it flattens and is nearly 1eyel.· 
. . . . · ' . . . 

. . -

!sat t he t~o adje.cent upstren.m sites t he resistivitie.s _--of the 

gr anitic rock and t he schist is nea rly the· sa,.me value when . dry, 
- -

and probably also vrhen wet, ~on seq: en tlr n separ ation of _the -two .·. -

m teria.ls on t he a pa rent r esistivity curves : is very difficul~ •. 

This condition is further complicated by t he extensive- areas 

of inclusion in which t he tl'To ~htEn"ial s are-_ intergrown .- The 

curves _and. _their a.ssocia.tedpa.rts do seem to indicate _t he .. ·· 

ganerru. bou n ries. provided t he wet. granit~ is of hi tgher re- · ~-. 
. . . . . 

nistivi ty; and are tent tively placed upstrea.rn -from 2B, ap- -

p roximately 50 . fee-t, and d~wnstream -from 20 _ 'Put above -·2D. A 

l t:tboratory stud.v of t he electricBl properties or'_ the rock·:· sampl~s; 

both wet and dry, mie)l t assist in a better .·estimate of :t he '_: _ 

boundaries. 

. . ·. : 

. . . -

'\ .. 

. 17 
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·.Table ···s·: · 
.· .. ·,_: 

. . . .· . 

· . Summary of intet:Pr etations of apparent resistivity curves 

Nor:th Eeaver Cr~ek Lower Dam Site ( f 1 A. ) 

.·· .. 

Line. 
.. 

: E1evati0~ : Uaximum : Estimated .:1-10 ~-• .. 

or · Location ·· . . Electrode Depth : Thickness 
Station .: .. feet : Interv8.1 . .. of ·. of .. 

feet · fill bedrock 
·: . . feet . feet .· . . . 

1. 11.5 fe e t from rig.~t bank of stream along edge .·. 
of r oad, 9 feet above water .. 7488 ·• 14o .. 15 • > 100 . . . . . . . 

2. Left b&~, on exis, 75 feet from Water's edge • 7483 . 150 · • .44 • > 100 ... . . .. 
... 

2A. " II fl . " , 20 n u It .. • 7479 . 1G:r • 53 . . ? 100 . . . . • • 
2B. 125 feet upstream fron· 2A, see Figure 13 . tu79 • 100 • 42 . .> 50 . . • . 
20. 200 feet dowr.stream u fl II " " . 7479 . 1llo . 50 .. > 90 - . .. • 

2D. 300 n n II 20, . " II " . 7h79 • 150 . 54 • / 90 • • • . 
3· On axis, 66.-1 fe et easterly from R.R. tra cks • 7512 • 200 • 53 . ? 100 . . . . .. 

: 18 
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Layers beneath centers· of resistivity lines 

. . . . . 
North -Beaver Creek1Lower Dam Site( I A) . 
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Gunnison River . 

Lruce FOrk Junct i on Dam Site 

· .. 

The vrork a.t t his ·site consisted of six resistivity _ 
. . . 

lines : t~o a t t he water 's edge; t hree on t he ri ~h t abutment; .. 

and one on t he l eft abutment . The locat ion of the . lines with 

res9ect to the proposed axis;_ direction and extent ·of t h e ·_·. 

electrode line, and the maximum interval is shown in ~i , ·re-16. :·-: 

Table 6 give~ t he r eSults t hat were ob t ained· .from t he . · ·. 
. . . ' 

. . . . . . . . . 

interpretation of t he appar ent resi sti~i ty_ curves •. · A cross . 
. . - . . . . . 

·. section of t he site at t he proposed .- a.xis,Flgure 17 . ~ shows . the 

. depths to bedrock beneath the several sta t i ons of. t h e r e .. 

sisti vi ty lines . Figu.r e 1 8 shows t he probabl e layers, estimated > 

t~e r esis tivity l ines. 

Lines2 , 2A., and 2l3 indicat e t ha t t he surfece of t he 
. . . . . · .. . '· . . •'' . ··.-

bed rock leyor is very irregular v:rith some. very r apid t h ickening 

of t he top la.yers. · No very t hi ck layers of th~ rna teri 1 s above. · ·. 
. . 

. the gne iss bed rock appenr to be p r esent beneath the th r ee ·lines 

on the ri £ht bu.trnen t; t he ma.x i rrn.un thicl~ness was 27 fee t bene.a. tb . 

1 ine 2. 

Line 4 gives· an i n t erpr e t ed den t h of. about 17 f eet .· to 

the gneis s ·bedrock t ha t li es ·below ·t h e high terrace deposit; . 
. . . . . . . ... 

sandston·a and shale members; of whi ch ma terials about 7 f ee t is · 
' . .· . .· .. 

shale. The appar ent resisti. vi ty curve. is irregular beyond · t he· . 

19 



. . . . . . . . 

175-foo t interv~l; · and _this may · indicate·_ el ther : a · thicken_ing· qf 
.. · . . . . . . ·.· . . . 

t he up er low resistance f'onnations, __ or t he vecy: . irregu.la~ topo~ · . · 
. . . 

~n.phy over which t h€ ·observations were ·made .. may be the 'ca.use. 
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. . .· . 

Table 6 

Su.nn:ary · of interpretations of aJ!paren t . re.si s ti vi ty • cun·es 

Lake . Fork J uncti on Dan Site . 

Line : · :£1 e ,-at i on : l:a.xi !rrurr: 
or · Loca.tion El ectro de Dep t h . : Thi ckness 

Station • 0 : feet : Interval : .. of or 
·reet fill bedrock ·. 

.. : : feet : · feet . 
1. Ri ght bank, w-a ter's edg e on d..ar.' axis • .7195 . 12) • g : . ~;. 100 . . . 

On rieht abutment . . 7~50 . .2'JO .· ... 27 . . ) 70 . . .. . 
2.1:. II .. H .. . . 7h30 .. 100 . 7• . . . . . . 
2B~ tJ u II 

0 • 7U} C : 480 .. 16 : >150 . . 
3· Left bar~, ~ater •s edge, on darr axis . ·: 7195 . 100 0 • 8. 5 : > 90 .. . 
4. ·On left abutment . . 71180±5 . 4oo .. 17 • > l OC . . . 

' 21 
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· t ake Fork of Gunnison R·i ver · 

Independenca ·oreek Site 

The ext on t of t he resistivity .·work comple t ed at this 

sit e is shovrn i Fi \ r e 19 . The certt'er of each line is indicated· 

as to pos1 t ion v;i t.b respect . to t he propo s ed. d.am · a.~i s • 
.. 

t he direc t ion 
. ' 

,•, . 
. . 

of t he line of . el ectrodes ; t he · rria.xirr:w1 1 :ctr.ode . i n t erval, in ·cated 

in small fi gures alone the lino ; and t he nurnber.s of. t he llne o·r 

s tation are -also on. Fi ~re 19. · ' ' .. ;~ 

Th r esults from the int erpr etation .of t he resistiv~ty · .. 

curves are given i n Table 7 • . A cross . s ec tion along the _axls . . tbat- :· 

· v.ra s prepc.r ed from · Tabl e 7. and Fisure 19 shovrs t he . bed r ock p rof le! 

Figure 20. Lines 4, 5~ and 7 are indicat ed on FiGUre .20 as lf they · 

were on t h e axis, thout;h actually t hey are no t, thus t he dashe~ · ·.· .. 

line indicati ng t he bed rock su·rfE~.ce . The curves indicate a r a the r . 

go od -isotropic l ayering SO it is assumed that about the Saine dep t hs : . 

are to be found where t he traverse crosses t he a.Xis ~ 
. . . . . . : . . . . 

No certain identification was made of t he rock layer pre..;; 

sent beneat h t1":e qunrtz _l Rtite, And no outcrop downstrerunfrorn the 

s ite wns found whi ch in t he opiriion of Mr .· Pe~heck ~ coUld be as-

sociated with t he l n tite . · Rowever, t he apparent resintivtty cu.rve e 

do indiC$.t ·e· thnt f\ more r esi.!:ta.nt TTla.teriaJ. ·-is p r esent at t he · l ower _· . 

levels renched by t hese curves • . 

-The probnbl e l a,_rers th.at lie beneath t h e resi.stivity 
· ·. - ... 

lin(~S have been estimat ed .from the curves, i=tnd are . shown to scale 

. in Figure 21 . 
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EXPLI\NATION 

FOR GEOLOGIC MAPS OF DAM SITES ALONG LAKE FORK 01 

:THE GUNNISON RIVER, COLORADO. 
I 

Qlsl 

STRE.AM-B.IID A.!lD :FLOOD-PLAIN DEPOSIT 
(ennd, gravel ~d cobbles ) 

SLOPE WASH( Qs ) AND TALUS( ~t) 

TERRACE DBI>OS l T 

(sand nd grsvel with cobbleR nnd ~ouldere 
as much as 18 inches in diameter) 

LANDSLIDE RUBBLE · 
(unAssorted debr1 o! 11 sizes up to bloCks 10 feet long) 

.RHYOLI T (?) DI K.ES 

• ANDwiTIC PYROCLASTICS · 
( .gglomerat o ,tuf!. scori~ , and pumice) 

GRtfAT UNCO,NF011}.'ITT 

AMPHIBOLIT~ SCHIST 

" STRIKE AND DIP OF :BEDDING 

~ 

STRIKE AND DIP 01 SCHISTOSITY 

----.,.-- - - - ·-

TRAC.ti; AND DIP OF INCLINED FRACTURE 

----·---
SUGGESTED POSITION OF DAM 

._. 22P 
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~~ab).e T: 
. . . 

Surmnary of tn t erpr et_e tions . of appar~n t resistivity curv-es_ 
. . . . 
: . . .. · 

ndependence Cr eek Inm Site .-

· ~in~ -
, or 

Stati6n 
Location 

1 . Along streBI!l- s·d.ge of· road. I"eft" bank, on axis · 

2 . Water' s edg e , r i ght bank; on axi s 

- 3 ~ 50 fee t fro zi. stream on R~ -R. fill, on axis 

· 4. On ri cht abut~ent, 201 . 5 feet up stream -from axis , 
1)5 feet from escarpment _ 

On ri gh t abur::.en t, 172 feet E. 25° S(o~g. ) from 
B. ll . (8566), not on axis . 

. 6. 379 feet frorJ :B.1~ . ( 8566) ,ri gb. t arru.tmen t , on axis 

7. 326.5 feet from 1ir:.e 6~ 151 . 5 fe e t ....!... to axie, 
downstre~, not on axis 

23 

·: Eleva tion 

: · feet 

: : 8437 

843.2 

.: 8447 

. : . . 8563 

8545 

8555 

8594 

. . 
. : . 

. . .. 

. . 

.. 
• 

• • 

• • 

ll.a.ximum 
Electroc e 
Interval 

feet 

4oo 

4oo 

4oo 

100 . 

3tD 

4oo 

4oo 

Estimated-610% 
Depth : Tl: ickness 

of or .·. ·· 
fill : bedrock 
feet - fee t 

. 59 . :: ) 26o . 
. . 
• 26 . : . > 100 . . 
• 15 ·- .· : ) 100 . . 
• 17 - . . j 60 " . . . 
. 37 : .-> 200 • 

_: . . 50 . ) 200 . 
. 38 . ,> 100 ' . . 
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Lake Fork of Gunnison River 
.. ·, .. ·. 

The Gates Dam Site 

The lines completed a t this site, the position 17it'b 

r espect to the propo sod a.xi s' . the direction ' and t he maxinruro 

electrode interval, are shown in Figure -22. 
. . . . . ' . 

The r e rrul. .ts obtain_ed from · t he interpretation of· the re-
. . 

si s tivity curves are t abulated in Ta.ble 3~ By means of Fi~e 22 · · 

and Table 8 , Fi _, re ·23 vras construe t ed. and show t r.e bed rock 

profile beneath the site. The very loosenature and t he . size of . 

t he talus Q.t rna e resi sti vi ty lines in r8ctfcal farther up t he 

slope of t he abut ents. 

Tvro horizontal discontinuities in t he . bed rock appear . 
. . . . 

on t he . upstre~m portion of t he cur.;,e ·from th~ center of line .1; · 
. . . 

20 to ltQ feet intervals; a nd tD to 90 feet intervals; · tha. t in-

dica te t he possible thickenin .:; of t he alluvium in t hi s direction. 

The dovmstream portion of . the curve, ho·VT ever; is more uniform 
. ~ . 

and a. dep th estimate is also given· for thi~ p rt of t he curve •. 
. . . . . . . 

. . . . . 

Line 2 wfts in a mn terial of ve~y low resistance and samples of . 

t he rocks were b rought in · for examinat i on. · Charles Mil ton: .of 

the Chemistry and Physics Section re orts . t hn. t t rAey co·ntain .co.n.. ·. 

sidernble mngnc ti te a.n.d ilmenite, sUfficient · to be A- ttracted . 

stronely to n magne t, ~nd _t huS. would have .a. lOW . r si st'ance. ·: .· 

Line 4 i ndicates ·a horizonthl · di.scon ti.nui ty .betw~e·n t ~ 70: to_ ... 

. 100 foo t interval vri th e. corresponding t}licke nin~ of t he over- ·· 



-- -

buret n. - A slm lar condition appears -on 1 ine ? for the 50 to 
. . . . . . . . ' . . ~ . . 

·100 feet interval vri th _- the more _pronounced -thickeni):ig of th.e 
. . ~ . . . / . 

OYer burden ups t~eam_ from the_ center that ·may _in.creasEi the 
. .• . . . . . . . ., . :· . ~ . ' . ' . . . . . . . . . . . . . 

t hickness .10 to 20. percent more than is _given· in Table 2~ . .. 

The thickness and chara.cte~ of t ha formations be-< 

neath the lines have -b9en_ estimated -from t he · C'\ltv~s arid: is 

Piven in Figure 24. 

. .~ :' . 
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, Table .8 . · 

Summ~ry' of. interpreta t .ions of appa.re~t r esi s ti yity· curves . 

The Ge tes ns:..~ Site .· 

Line 
or 

Station 
• · Lo.ca t ion · 

1. ' P..i gl:t ba!llc alo,ng. water ' s edge on axis 

l -P·2• " . II .. II . t1 II " II 

2. Righ t b~~ , weter's edge, 200 feet down fron axis 

'"% Righ t abutment along old R. R. grade .-~ · 

4. Left bank, 15 feet from ~ter ' s e;c.ge · 

5. Left ba~, 150 feet from stre&. on 6020 contour 

6. Left abtlti:"lent betv;een 8050-Eo conto~.:r 

26 

.Ua.ximum 
: El.e";e. tion ·: .. Electro r~. e 

. Inte~vaJ. 

f e e t · ·feet 

.. 7879 . 150 . . 

. 7579 . 150 . • 

. 7873 . 150 . . 
: 8020 : . 150 

. 7331 . . 150 . . 
: 8020 : 1 tJJ •. 

. '8055 • 250 . . 

Estiwated ::i:.lO % 
Iep tt : Th ickness 

of of 
fill ·bedrock 
fe e t : fe~t 

. g . : . :> 1Lo . 

.. 10 .. > 14o. .. .. 
g It > 14o . . 

28 : > 120 

. . 10 : > 14o . 

. 6 : · ,c- 150 • 

. 4o : >- 14o . 
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Layers beneath centers of resistivity I i nes 

The Gates Dam s·i te ·. 

. . 

Sto.l S to.2 Sto.3 Sto.4 ·• 
.. 

Sto5 . . Sto.S stream Stream - Slope ~ash Qyo~ . ~ Qoor ·· llii~P• -wo•11 
- fijepost s -rueposits Qt 
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Lak e Fork of Gunnison River 

Riverside School Site 

Six r es i s tivity lines vre re . compl eted at t h i s site, and . 
. . : . 

the pos i t1on on the axi s , direction, maximum electrode · interval··, 

and _t he extent of t he lines are shovrn in Fi gure 25~ 

The r eSi.ll ts obtained from t he i n_terpTet ation _ of . t he .... 

a .. >arent resi ztivi ty Cu.rve s are e iven in Table 9. _· .A eros~ section . 

o.long t he reposed d.run ruci s is shown i n Fi gure 26 and w11s con~tn1cted.: 

f rom t he r cmli ts in Tabl~ 9 an\.4 t h e Fi gnre 25. · Th~ _·probab e l ayers 

Tlere es t ima t·e f r om · t he r esistivities a nd ' rE> sho:wn fo r . each of. the··: . 

. 1 ines in FiP.:Ure 27. 

The bed rock at t h is ·s ite is estimat ed to l}e similar to 

t ha t encountered at t he Gates · site ap-proxima~el ;v ·5 m ~l. es upstream~ . 

'Md bas on . a nnarent r es i sti vi ty of about t he . same . value • . Best . 
,,·_ . 

·· ... 

interpr e t a t ions ere obt ined from· the curve·s · for l'.ine9 2, 3, ·and. 5~ . 

27 
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. ; · ~ .~: ~~ .. . .. ~ ... 

. . Tabl.e 9· · 

S\l.t"!lr.1a ry ·of . interpret'ations of appa rent · r es i sti vi ty curve~ 

Line · · 
· or 

Station 
Location . 

. . 

e P..i verside School JR..m · Site .. 

: F.l ?.7a tio!l. 

:· fee t 

Estimated; 10 ( - ·-
l .Jaxir~ . : Dep t h .· : Thickness 
:Electrode· oi' of 

: Interval : fill : bedrock · 
f-2 et fe et feet ----~------------ ·-·--

1. .Ri ~h t bank, ~ter ' s e·~ge · on dam axis· . 

2 . Easterly fron .. ro ad center 20 feet, on axis 

3· On risht abutme::1 t, CeYlter 0!1 axis, 7530-g() co~tour 

4. Left bank, 1 8 f ee t · fro r:1 v:ater's edg·e, · on axis 

5. 
r 

eft ban..1{ ; 115 feet fro::-1 s trea..r:~, · on axis 

n l s:t abu.t:-ne:1t, 143. 5 feet f r orn lin e 5 , cen ter 
on axis 

. .. 

.. ,. 

. 7302 

7322 

73g7 

7303 

~20 

7875 

. : 

. . 
. . . 
: 

... . .. 

: 

. . 

. ' 100 ... . ·: 

4)0 

2)0 

30J .·. 

350 

4oo 

. .. . · . 

. 
:e 

. . 
.. . 
. . . 

44. 

75 

46 
,./ 

73 

g~ 
·" 

27 
---·--~-----·-----------.-----------
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Lak Fork of Gunnison River 

Th9 r oi.stivity .work · at this site consi~.ted of .mtlkfng : 

a formation t est on t.he siliceous a.rriph . boll te schist, both alone 

:1nd cross th fo1h\tion ; anda.shor ·tline , lOO · f~etma.ximwn · .· ·.· .. 
. . . 

interval , rri th t he .center on the 7goo contour , 100 fee t upst:r:eani 
. . 

I 

frO Hl t he line oining the B. ~r~ s and on t h e ri g;i.:lt . buttnent 9 

shown on ]'i r~re 27A~ . 

Th is point is located about 20 ·reet dovrnst earn · from the ·_ 

l a r c;er to.lus area on the ri ~,h t bank, Plate 25 of Piper's r8]_)ott, · 
. . . . . 

so that the dovmstr ntn portion of t h·e line is · over ~chis:t ·ancl the · 

upstream part is over talus r.i th the ex.ce.ptio n of · the ::fi:rst .. 20· · feetlj ... 
. . . . . . ' . 

T'.ne curve obtained offers on y a . qualitat~ "is · in terJ?ret~ · .·.· 
. . . \ . . . 

· tion hat agrees i'Tell with t h e posi t~on of t he line; . in ·that con- · 

tinuoun rock appenrs ~ownstrerun and .talus upstreaJn from the . center 
. . . . 

of the line. · T11e schist is discontinuous from about .t h e 30-foot · .. 
. . 

intervH.l ups·trerun to the l ast interval ~btained· , '100 fe.et, and , ·· . 
. . . . . 

t he t~lus mA-y thick~n . thou.:sh the amount is not n.sce~tainn.bte ·. 

from t he curve • 

. impr~.c t i ctti . 

. . · . . . 

The topo;;raphy ·wa.s su.ch thnt· a 1on~er li~e wFLs 

·' :; . 
. . ~... ·. , 

· .. 

. ,· 
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Little Coloraclo Ri v:er · 

Little · co1orado River -Do.m Sita · 

Thf> posi tion of t h e tvrenty~five resis.tivity lines aLong , 

t he t v:o propqsed· axes a t this si tg, to gethe.r with t he ·directlon , · · 

The i!1tcrprot tions .from the ap:Pa.rent resist vity .Clirves. 

n rP. given in summ rized form in Table 1 0 fo·r. axio A.B. nd . T9.ble 11 

fo r axis CD. 

A cross section along t bc proposed drun axis AB is :shown 
. . . . ' . . . 

in FLc;ure 29 , iTl th the deptb s to bed r6c1_.: beneath th~ cent.ers : of·. 

. . 

heel ep ths rr.s.y ·be t nken from. Ta.bl e 10 for COm!)nri son • . 
. .· . . . 

. . . . . . 

A s i mi ar eros se~tion alori ~~· ·dam axia CD i~ · ghown tn · · 
. , . , . . ' . , , . • ~ I 

Fi,c;ure 30 for t h e four ·resistivity lines c~ntered on. the .a.Xts . that · 
:, 

deterrt1ine t he del) th of f ill . C~mparative toe ;e..n heel d~pths may·. · 

be obt~ined from .T~ble 11 . 

The l o.yers beneat h each r esi sti vi ty 1 i.ne have b ee.n · 

~stlm t ed fron t he apparen t resistivity curves, . and are shown 1n 

Figure 31 , ·wi th t he . exceDtion o{ Sta tion ·1 2• 
- - . . . . : . 

Some horizontcl d_i~continuit ies of the bed ·rock layers . 
. ~ . . 

show· markedly on t h e 11 full" . r esistivity curve s · s well a s upon 1 ts · 

t -:ro compone nt pe.rts , P1 and P 2• ,'· · ... 

Along rt.Xis AB, line 4 sho~s a hori .zontal . disc·ontimlity . 
. . 

of t e becl rock layer,· .Trm, . froni the. 1 20-foot to 200~foot interval. 



and aenin be tt'Teen the 250-foot R.nd 300- foot interval . on the .pl .. · .. 

portion of the cut've, and anot.her on the :P2 curve from the 1?.0- _­

f vo t to 1 60-foot interval . These vari a tions are more pronounced 
. . ·. . .·. . .· .' 

on t he curves of lines 4A nnd ~-B . · All of the above discontfnuitie s 
. . . 

nre ttJY'lall and~ at most , incrense the depth Of fill only ~ few· feet,. . 
. . . ' . . . . 

. . 

prob< b y less than 10 p .rcent of the thicknes~ or" the overburden. 
. . ·. . ~ . . 

-Lines J:), 6, an<.l 6A indicate· that . t he b ed rock formation, Tnn, - 1~ 
. . . . . - . . - - : . . - - . . . 

continuous untl?.r t he ext ent of t he resistivity traverse ~, . with t h e. 
. ' . ' . " . ' 

exception of some small .horizontal discontinuities tM-t increase 

the t hickness of the terrace deposit, Q,tg; at ·a _ f~w :places· along 

the r ~ sistivity line. 
. ~ .. 

. . . 

Axis CD, t he alternate .s.Xis, _also bas .some ho_rfzontal :· 

discontinuities with a corresponding t h ickening of t he- ov rbnrden~ 

r .. ine g indicates such a discontinuity frorJthe 90~fo6 t ·tol2(_)-;foo -t _ . 

. intArvRl~ on t he P1 curve, and. is more a.rYpar~nt ·ft-om the ·curves o{ · 
.- -

8A. Dop t 'l-). to b~drock may be 10 - CD percent more t han is i :1dicated 
. ·. . . . . . . . . . --:: · . . ·· ·. ' .· 

for t he com_p1ete curves alon 1; this .- porti.on of the travers~. ·. Line . 

9 i nrlica t es discontinuties on P1 from the l QO ... foot - to l SQ...foot 

intervals and the 250-foot. to 30i>-foot :i.nt~rvals ; · on P 2 , frorn the · 

1 20-foot to 1 6o-foot intervals, . n.n · t he .230.;.foot t~ 236-foot in~ · .· 
. ·, .. . . .·. 

t crvn.l s . · The . effect of t~e variation.s . of the bed rook surface is ,_ 
. . . . . 

mo re nnparerit from lines 9A and 913 ., nnd he.re the .overburden:rna.y ·be 

as rruch a. s 10 to 20 p·ercent thicker beneath the di-scontinU.ous por.;. 
. . . . . ~ . . 

tion of . the r esistivity line than. is indicf'! t ed for t hat beneath 

th center of t he line. 

31 



Resistivity linesll and 1 2 are on the terrace: cleposit , 

Q,tg , of t he ri gh t abutment near "E" of Plate 27 · in Mr. Piper's. · 

r e. ort . A. horizontal discontinuity on P 2 of 1ine- ll, lrom 70 ·. 

f eet to 160 feet; . th e ma.Ximum practica.l in tenral' indicntes ·· t' e .. ; 

' t 1ickening of t he terrace deposlt ·ao,m th~ contour Qf t he ravfne~ . . 

The Tnn forma. tron app en.r .s t o be contlriuous ·on the r esis tivity 

curve, however, i n the upstream ·direction. · Th_e apparent re-
. . - . . . . 

·. sisti vi ty curve~ for line 1 ~ ar~ : rather: con lex ·· nd· baV:e been 

anal.rz ed .iri a quiilit tive m~nnet, a.hd . t h . ·r . SuJ.. ts are: given .: .. 

dirigramat ically in Fi.csure j2 • . · 

• I • • • • 

·. '-'• 
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Ta"Jle 1:) 

Sun:r:: e>.ry of i:1t~f!n-e~ c:, -: ion s o f a:_:> -:}ar ~:lt r esis :ivity c--.1rves 

ittle 8o:o r B-.io 3..i 1~-er : ::_':1 S ite ~~i s D 

: :2 s t i ::: ?. t ~ d. . l ::>~ 
Ii~e : El e-;?.. tiJn : 12-x iri:u. 'il . De:;t!l : :~:..ic: :: .:~s s . 

or Lo cation ElectriC.e of of 
S ta tio:n. ! :fe e t . I r:t-3rval . fill : oed:oe!k . . 

fee t fe e t fe l3 t 
---~---

1 .. Right ba.lli: of stream - 6 f ae<: :r-:)m n0~.2.l 
vra t er' s e.i5e, 0:1 t~ ::.e e-"ti s . 5513 . . 70 . 4. 5 . ' 6D . . . . / 

2 . Lef t "bank, 4o feet :fr o:.1 v.-ater 1s €d ;:::e, 34 f eet 
from l ine l, OJ t Ge axis . 5525 . 2f"'JJ : 1 3 : . ) 1 30 . . 

2A. 50 f ee t upstream fro ::: a."'Cis 0-:1 line 2 . 5525 . 1 a1 : 1 8 . 1<)() . . . 
213. 50 feet iowr:strea:n " II If If ? • 5525 . 1:)0 . 3) • 80 - . . . .. 

3· Le ft ba .. "lk , 213 feet alonG ?..:."tis fro~ l i::1e 1 . 5525 • 100 : l b : go . . 
3A· 100 fe e t u~strear:1 fro;-:1 a.xi s on 1 i:1e 3 : 5525 . 100 . 13 . 30 • . . 
3B. 50 fe e t do~streaT. 11 " n It 3 . 5525 : 120 . 22 : 100 . . 

4 •. Left bank , 364 f eet al an~ a."tis fro~ 1 i n.e 1, 
4o . 1 f eet fro~ B.:·.: . (5523 elev. ) : 5525 . 300 : 33~ : ' 250 . 

4.1.. l X) f eet upstrea~ f~or:1 axi s on line 4 . 5525 • 20-J : 31• : ', 1 50 . . 
4B. 100 f eet dow:1st r earn " II If If If . 5525 . 1 60 : ~· . . 125 . . ..,- . 

- ... ,._.., 
5.- T ~ 1 +'t a--t- t . ' '4o + a]_ . op 0 ..1. a_ a ~ ... en , -:- 1 ~ -.; , o~g a.x1.s 

from B. !J. ( 5577 elev. ) • 5577 • 275 . 1 2• % 100 . . . 
c . Top o f le: t atr~t~ent, 700 fee : ~)ng ~~is 

from 3 . ~~ . (5577 elev. ) . 5530 . 200 · : 22" - . 1 50 . . . 
~ · ~l 

6A. 100 feet.-!... and N. fr~m center o f l. i~e 6 : 5573 . 280 : u . • 90 . •• • 

• See text 
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.:.:<!.ble 1 

8-..L::.:::a.::·:-r of ir.. : e ~"'re :-:. t i -::> ::ls ::> .: ~."") ·. ~ ::. r ~.:;. : re si ~: i vi: 7 .:--..:..r--i <::S 

Little C8lo r~::> ~~ye r ~~~ Si:e ~~is ~~ 

.._.i:: e 
::>:: L ·:>cati0n 

St2. ti :):1 

eft b c...."'L-: , ".':'ater•s e-i .~ e, 0:1 a xis 

3. Left t,~:l'.{, 1:0 fe e t a~o:1g .::L~is ::-o::1 ~i:-: e 7 

~. 125 fe ~ t "\.:..!')s t ·r- ea'"l:l f r ·:) ::: a.."'C.:..s ~ .. ::.::>n. .- li~-= S 

3:B. l JO fe e t do~s trea;n 11 " II n 

3. Left b9.!1k, 4o(J f ee t alo~3 a.."{is f:-c~. li::1e 

9A. 1-:)0 fe e t U?stre~ i'rJ::: ;;.xis &.lo:;.g 1i::e a 

9:3. 100 !"e -: t C.o~stret'\.--:1 11 " !I !I II 

lJ. Left ba~ .... ~. o')':; fe et al on,_:; o.xis fr t) ;c, ~i ~e 

_JA. l QO feet U.?stre -~-r. :rT:: .:J..."{is a:..o::-1~ li::e lJ 

_l3. 1 :;0 :ee t C..o 7."::st r ~a-:-. 11 II If tt 

11. E.i.~): t a::~.: '::ner:t, "ii . / ': ,J feet c..l ::>::s : i.:1e of ::.3. ·,: . s 
f -6 , , .... r-....,Cl , ... ~ · ,..,~ o..., ( ) ron .c • •.• • ~).:. .., e _ e v., ... ::.e:1.ce -' · :::J •t · ~ag. 

100 feet 

1 2 • . Rig~t a~~t~~~t. ~- J li fe ~ ~ on ;; 

fro~ B. ~ . 5533 e1ev., the:1.~e ~ . 

100 f eet 

.A 

• See text 

.!.lne of 3 . \: . s 
?~0 - ( - ' '- ..J .. . ma2:, . 1 

34 

E: ev-:.. t:. 'J :J. : ~ -~3-Xi.:.:' ..:...-:-: 

f ee t 

---
551J -: 

5525;:. 

:::: 5 25 ::. 

5525 -~ 

552'5 .!: 

5525 . 

• 5525 ::-. 
51=5 25 ~-

5525 :_-

5525 ;· 

h;~3 

: 56o 

. . 

! 

. . 
: 

• . 
. . 
• . 
. .. 

: 

. . 

. • 

• • 

-:! ctro:!e 
In~erv2l 

f eet 

1:0 

200 

200 

lJO 

300 

16o 

3"'" v~ 

20J 

lJC 

100 

160 

4._)() 

::: s : i ~at-~-i ~-:-~~ 

: : er :~- : 7:-.. i c~·=Y'-~ s 3 

::>: of 
: f ill : ::; ed.r::> ~ :-:: 

f ee t fe e t 

! 17 : 30 

. , .. : 170 . ~' J. 

. 26* . 17:::: . . 

. 21 • 30 • . 

. ~- ¥ . 250 . .., J . 

. 23 . 5• • 125 . . 

. 35* . 250 . . 
: 21 : 175 

. lc . { ) . . 

. 10 . 75 . ..; • 

1J.5* 

: 22* - -· 
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Figure 2.9 

Cross section along axis with bed rock proftle · 

Little Colorado River Dam Site Axis ·A B 
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Figure 30 
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Layers beneath centers of resistivity lines · · 

Little Colorado · Riv.er Dam Site· 
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~ L a • • 

Quolative thickness of Qtg and Trm 

Little Colorado-River Dam -Site 

Estimated cross section below resistivit_y·une 12 -_ 

(downstream} _- P~ P · (Upstream) ·· 

Qtv 

Trm 

Figure 32 
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Zuni River 

Lower Zuni Dam Site 

In all, · sixteen r esis tivi.t·y lihe.s w.ere .cotnplet·ed. a t ·· · 

is s te ; six on ·axis AB, four on a.:r.:is CD, ·and six .on· axis EF:. · . 

The position, direc tion, · extent, and t he rrtaxinrum :·elec.tro·: e . 
. . ~ . . 

separ :Jtion of t he lines are shown: in Fi P,Ure 33· 
.·. ' 

A sum'1ln.ry of t he interpretations :fr:om t h-e apparent . r~,- _· · 

sistivi y curves is given in Table 12,_ that·· is separ t.ed :- into· .. 

groups of lines for each axis . _. 
. ' . . . . . 

Cro~s sections 3long th~ t h re e propos.ed axes a re . shovrn 

in Fi :.. res 34 t 35 t 8Jld. 36. The bed ro ck profile was obt in·e.d : ·.· ... :· 
. . . . . ; . . 

from T .bl e 12, Figure 33 , and Ple te :,.,6 A ( Ir •. Pip -~r ,_.s r eport). 

The laye r s beneath the centers of t h e resistivity lines, 

obta ined from t he ap,arent resintivity curves , are· _estimated ~n 

Fi ':11re 37 . 
. . 

. . 

Consi der able unevenne ~s of t he bed rock .profil e :is·. · · 

noted in most o~ .the curves iJ.nd t he l!l~jO x' horlzin t al di.scd~ 
. . .. •' . . ., 

t nui ties vrill be mentione t hat . were ·.found in · t he study of the: :. 
. . - . 

. . ~ . 

::tppar en t r esis tivity curves of t hi,s s'i te . A .·consequent thick~ . 
. . ' . . ·. . . . . 

•, ' . 

Anin.o; of t he overburden is · indic t ed in .ever:v i nst a.nce ·mentioned. 

Line 1; P1 70 feet to 120 feet · i~terve.l( P_2 50 ·f ee t ·. to BO ,f e t .. ... 

interval . 



Line 2; 

·Line 4; 

Line 5; 

Lin e G· t 

Ltne 7; 

Lin 8 ; 

Line 11; 

pl 70 feet to 120 fee t interval ; 
; 

pl 200 feet to )00 feet interval . 

pl and P2 200 feet to 350 feet interval . - . 

'·. 

Fl and p2 ~o fe e t to 150 feet interval . ··· 
: 

p1 , ·Go feet to 100 ·fee t, lto feet t o 200 f~e t, . . . 

3·5 ·feet to 4oo feet intervals ; 
... 

p2 60 f et .to '90 fee t, · lbo feet t o 200 fee t in ter11aJ. s . .. 

.. 

pl ' 120 feet to 1Co feet interval ; p2 90 fee t · t o ' ·. 

160 feet interval . 

Fro t:r.e 30 eet iritervA to t he 120 fee t interval , 

t her is a lA.r .c:e general disco tinuity .or th~ bed · r ock 

formA.ti on in ice.tin t.: th8 prob~.b e exi~t .ne e of nose 
· . . . 

like structure b ri ed b neath th · .. Q,:'ll . This is · in · 
' . ~ 

. part . subst:t.t"ltiated by ari o~tcrop of Trm forrn._~ tiori, or · 

. a s co11~ i e r ed to be ·such b:t cur sory f.i 0ld examinn.ti0n. · 

and n. flovrin~~ sprine in the vicinit~i of t h .e penc.il ed ·' 

nrrOV!, Fi '_:~ure 33' alonr; th e bend of t he river near the .. 

cent er of 1 ine 11 . This t:orrca ti on is not, . hoVT ver' sho:~'tl 

,. 

: .. 

. . 

.. 

by Mr . Pipe r on his map; · Pl' ~te . 6 A.." .. Contirruou s b ed· r ock·. 

i s , t h.erefore , at · a dep th conside r ably er ater · t:~h: .n t h e. · .. 
. · . . .. . . ' 

6 f e t given in T ble 12, a.nd a · go od estima te is no.t : 

possitle from the cu rV"e for this · traverse . The t h ick- .· 

n es s of t he bed r ock is probably as erea t as t hat of 

joining line s . 



Line 13; P~ , 25 feet to 60 f ee t interval - lriclic t es a. t h ickening · 

· of the q,al dovmstream from the center. Th is • in te r·~t~· 
. . . ,' . . . 

ti on i s rubt'!t ntiated_ by t he uncove red bedrock formation . 

. t ha t wo.s observed in t e vrash about 200 fe e t · u~ stream 

frOm th cent er of line 13. · Th i~ (?ed r~ck fo rmation 

app ear ed to . be . Tnn wi th .. ln t~ rb8d.ded' san;tstorie "arid . shaie 

me~bers t hat had dips N-'N d owns .trerun :and ~#· up· trea.m~ ·.: · 

The amount of .d.ip wP-.. s not exactly . deter mined.: .. Also, the 
. . . . 

exposure of this fo rma ti on is not. shovm b;v. Mr." Piper on 
.: 

. . . 

·. his m p , Plate 26.A • . There ·is . some indlcatinn, . also, tha t ·. 

t e buried structure mi ght h8,ve t ne similar. nose..;..like 

S~'l.pe Of .·t he expo~ed: for.ma:t i ons Of ·the . ~Tea. 
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Ta"ble 12 

S..l.T:"~·:c> .r-J of inte:-0:-e t n.ti ·J!!s o: ... r!T:·~):.l ~~::1t rc: si s ti -:;i ty Ctlrv~ s 

Lo7er Z.J...-::i 1}=,~ Si te 

--------- -------------------
Line 

0 !" Loca: i •)n 
S t::. '; :'..J n 

- ------ - - -- ---- -- - ··-----
A.......: i s A3 

1 ---;::;;-f e o+ s"" re~ -.... ....,a ..... '1. 1 ..... . 1 1 ~=>_~ ._ r' -:l""' ~) • C ...J __ ..., ""- C--J.f ' - ' · \ V1 _ _,..:.1..1 -._._.~...: · ~ I.-r,j :;. c~nt~::- of 

r oad. o:-:. a.xi s 
2. 0 ::1 l8:'t ba ,--_'..: 1 9·J f ee t st.::-ec .. i":1~.ir :2. :r o r:~ c e"lte r- o f 

ro e .. d on. a.\:i s 
?~. o ~ left 0!' .. :-'c'!: 29) . 3 :"ee t st!"::: 2-":1":7 - rJ f::8 ::1 ~ e:l t ~ r of 

ro ad C'1. 3.Xis 

3· 0~ ri sG t b~~~ 544 fe e t t d - t f S r eQ~T:'73.r : r cJ.:i Ce :l C!" 'J 

r oad on axis 
4. On ri~ .. t b2.nk 717 fe a t s trec .. :rm:1rd fro .-:: c ente r- of 

ro ad on axis 
5. On ri s~ .. t 0 2.:1.~ 305. 7 f ee t s t :: ~cr:1:" t1.!"d fro ,J c e:1t~ r of 

road on axi 3 

.Axis CD 
6.0 n lef t ba:-~-c , on a.-c:.s 65 fee"; ·~ 31c ~T (oag. ) . !rorc. 

:~3. ~! . , 37 5 fee t s t!"es.r::~ar :i 

7- On 1~=>~t b~~~ on "-i~ 5~ fpe t 7 ~1° ~ ( ~ ~ ~ ) ~ ..... on --- I.....Ao-~ , ... o - \. .,:) - OJ .:..J _.,· · " . ...... c. ... s · -.. . 
B . ~ . , 550 f ee t s~rea~7rari 

3. 0!1 left b~nk , ~n .? ... ""Cis , i'T3. t e ~ r s ei..::: e 85 fe -2 t Z 
31° ~I ( ::1a_c;: . ) fro rr. 3 . :,:. , 330 f eet s t re ~"":lTG. :!'i 

9. On ·~i gt t 1.) 9.-."Yl.k , on 9.Xi s 1 ~, ..... f e 2 t c~o .,'7Tls tre~ 

10 . 

11 . 
1 2. 
13. 

1u. 

15. 

f ~ l . ( , .-\+;"" ' 1 7) roo ..:l e ••• • e_ ~v. ;c 0'-r . ' 

Axis EF 
Left b[L."L.i{ :S50 f eet !:- . E. 

of road 0 :;'1 a--cis 
o f B.::. , CJ feet S. E. 

Lei'"t b:.:> .. ~, o~ a.~is, 

Left ban..."< , If It 

~i{r. t bank , II " 
s t rearn?Ja~d 

Ri .2;h t bank, " " 
s t r e a.::::;r ar d. 

Ri~:.. t b a "X-c, oa •~ 

outcrop 

• See t ext 

, 
, 

l Or-:; 
~ -· 

t:; .-.,."'1 
,.; ::.. J 

1 ' ' .., 4) 

30 

1~ 

f e-2t .t:t _,_ r.., 
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II fl. II !I II 
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" up co~to~r f r om Trs 

38 

l "' - J 

II 

. .. 

. • 

: 

. . 

• • 

Z:. -="7:-t t i ·Jn 

feet 

5470 

k454 

540o 

54il5 

su.62 

5463 

5:..+70 

546'4 

5~hh 

5h6,.....~ 

5430 
~l~67 

5~ . 

5472 

5432 

5510. 

•. .D..A1.~:il:..~ 

El e c: ::-0 ·~ e 
I nterv!Jl 

fe~t 

4JO 

200 

y;c 

275 

):)0 

• . 350 

} JO 

4Jo 

2']0 

300 

200 
4._v 
LJ..JC 

300 

2JO 

120 

Zs t i. ~?-te d. ·1 ~ -- ; 

: 

• . 
. . 
: 

. • 

. • 

. . 
: 

. . 

. • 

. . 
: 

: E::IJ tr_ 
o: 

.;- ~ 1 1 
.... J,._.._ 

fe e t 

6. 5 

9 

2~ 

4c 

~Q 
c .,~ 

36 

17. 5 

37 

27 

13 

4. 5 
6 

: 69 

. 48• . 
: 13. 5 

. 27. 5 . 

----
: :~:ic!:ness 

. . 
: 

. . . 

. . 

. . 
: 
• . 
. . 
: 

. . 

o f 
be.:1.:rcc::: 
fee t 

' 200 

175 

) 1 50 

/' 225 

200 

200 

' 250 

250 

·' 175 

75 

100 
- -· 
250 

1•)() 

) 100 

) ' 75 



·.A 

I 

--- - :Q 

-~-·· ... ·· 
. . ' . . . . 

2 2A ; -4 5 - _ ... _- . . .. . · . 

0~~- ~e __./ 0. e · ~~-

~-----·~ 

a: 

· Bedrock TR M 

Figure 34 

. AB . . . 
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Lower Zuni River Dam Site 

- Figure 35 

CD . 
Cross section along oxisAwith bedrock profile , 

. Lower Zuni River Dam Site 
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Bedrock TAM 

Figure 36 
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Layers beneath centers of resistivity li'nes · 

.Lower Zuni River Dam Site . 
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Little Colorado River · 

Gree:r Dam Site . 

The ten r esistivity lines for thi~ site are . showrt in 

Figure 38 , f rom ?'hich the p os ition_, . direction·, ext~nt . nd . t he 
. . ...... · ·. . · .. 

· !!!3.Xi111U.I!l elec trode separa tion of t he lines may be - de t ermined ~ 
. . . : . . 

The -int erp r e t a ti~ns of t he appa.rent r esi s tivity . eurves_: 
. . 

are ~ummurized in Table 13. With ~he use of Fleure 38, Table 13, 
. . . 

and. Pl A. te 23 · of Mr. Piper's r eport, FigUre 39wa sc6nstructed . ... 

. which sh01Ys a -p rofile of t he bed . r ock 1 n. a cross . section along .. _. 
. . . . . . . 

· the prO!:JOsed axis . Compar a tive estimat es for toe ancl heel dep ths 

of ove rburden vri ll be found in Tabl e 13 for positions _a t ·a. di~ 

t ilnce of 1 50 feet from t he axis. 'Lin-e 4, which vras ·cen.tered ·on 

·.·. t he 01)1)0 site bank from t 1e outcrop spt tr n oar t he first "0 " in 

Colorado (Pl a te 28 , Mr. Piper's Reno·rt) abou t 270 ·feet ups tream · 

fror.'l t he axi s, is i ndicat ed on Fi ,~re 39 -as a. p os sible condition · 

t hfl t may exis t benea t ':1 t he river "bed. nlo!'le t h e axis. · Thus , · t he 

Moenkopi form_a t ion either plunr,e s_ vall eyvra~d and rises r ap idly. 

to a point beneath Line ·1, or has been . eroded t o a grea ter depth 

below t he · pr esent strerun .bed. 

Taken as a vrhole, t he bed· roclc profile is generally . 

flA. t a t · t h i s si t e . The er·eatest variatfon is . indi ca.t~d beneath 
. . 

Line 2 where t he t hiclmess of overburden may increase or de-

crease . as much a s several feet in places• Line 2B showing a 

-particul A-r i'nst ance. Unevenness of alesser degree is an in-

di ca t ed condition~oneath Line 1. 

39 
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The proba.b~· e, r6rrriat~ons be)1etith the · traverses _ hav~ ·. 

been · estima t ed from the curves, and a re shown on Fic;ur_e 4o~ 
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able: 1.) :. 

Swn:r.acy of lnte~retations of appare!lt resistivlt:v curves 

··. Greer :n Si ~~ .. 

. L 1ne 
or 

Station . 

------ - ::·:a.~i::-11!!1 : Estima-ted.+ fo~ 

Loca·tion . 

l . · Left ·b&-'11-:, · on aii s ,· 52. 4 feet from stream 
toward B. rt. . ( elev • . ·5446). . .. . 

l.A.. 150 :'eet :lpst!"eam · from .center .of, · and· 15 · feet ~ ·· 
to Line 1, direction parallel . · .. · · .. ·. . : 

lB. 150 feet do?."'lstream from center·· of, a!ld.50 
feet ~ to Line 1, direction parallel . . 

2. Left bauk , on axis; 251 feet from st ream 
to~rd B. W. . on l~ft abutment . . 

EA. 150 feet D-pstrea"i! fro!!} center of, and on Line 2 . : · 
213. 150 feet downstrea:n from cent er of, and 25 feet -~ 

to L1ne 2 , direction parallel • . 
3· Left ba.nk, on a."tis , 531 feet from stre~ toward 

B. !{. . on left abUtr.1ent . . 
3A.. 150 feet upstre~ fro~ center of, and on L

1
ne 3 : 

3B. 1~0 fe et do1~strea~ fro~ center of, a~d on Line 3 . : 
4. Left banl:, ~ater ' s edge 42 feet from outcr.op 

of Tnn on right · bank . . 

41 

.Elevation : e~ect~aC.e Depth : ~ic~ess 

feet · 

·c;-.:o.4 : 
. /.,/..1 

'5394 

5396 

5392 ·. 
5393 

5391.!-

5395 
5394 
5396 

5377 

. . 

. . 

. .. 

. . 

.. 
• 
: 

• . . 
• . 
! . . 
. . 

in terTal . · : . of .of 
feet fill · : : bedrock 

· : feet fset 

.. 400 . . 25 ,· ; > 375 . . 
200 ·: ·24 : ;> 175 .· 

200 . 23 ' : . > 175 . 
l+oo. • 36 :: . > 350 • • 
2JO . 34 : : ) 150 . 
2JO . . 43 : ' · 150 • 

350 • '16. 5 . 325 • . 
2JO . 15 : > 175 . 
2JO . 12. 25 : ~-- 17 . 

80 .. 21 . ') 6o . . 
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Little Colorado River 

Forks Dc.'l.m Site 

The r sistivity lines for this site , five in number ,. .· 
. . . . 

. . . . . . . 

n. r om ·n Fi ) r e 41 a s to posi .t ion. _. direc t :ton ; · extent, . and .. · 

a-,c mt i n t . 'rv, 1 . 
. . . . 

A si.lrilma.ry of t e . interpr e t a tions of the . n rent ·· re-:. · 
s i stivi t curYes i s g iven in To.ble 14 • . · !iGtl:te 42 is a cr os s 

section tha t shows the b e ro c,( profile beneath t h e lan . sur-:- . · 

f ace nl. o n f::> t he prop o _. a:x i s and wa5 p r epar e . from F i ,:> · re · .41 . 

an Tab e 1 +. 

No posi tive de termina t 1on ·or dep t h .of ove rbUr den w s · 
. . . 

obta ~'lble from Line 1 or a retake, whi ch was made · the fol l owing .· .. · ·. 

da:·: , usi ng f r esh batter ies . The traver e was run over o.n eX~ .· · 

tre.,.,elY unfnvorab e ~l terrace deposi t t ho. t was abov.t 30 · fee_t · 
·. . . .· .·· . ' 

above the river level , a nd conta ined rrmn rous po t hole .washe·a , · 

· narro7i ledE;e s alonJS t he a"butment wall. and ,~a s . mrtfaced with deep .; · 
.. . .. . · 

loo se ' dry sand. A1 so I 8.9 t he 1 ine was Verjr clo_se to "t he ab1l ~ 

· rnen t wall, results are Tl robably a1 tere d somewha t from th~ :usual 

. horlzont 1 layer conditions by which inteT"_!!reta.tions are made . 

How ver, t he re is some indi cation that bedrock m '1 be found a t 
. . 

A depth of 30 to · 4o fee t b.enea th ·the center·· of Line i' ,: .. bu t 1 t · 
. . .. 

robab y is discontinuous hor i zontal y both ups t ream and down-

s tream a.nd continuous b ~d rock probably will be deep er• ·. · :,- . 



Line 3 sho":7s an in .• cated de-pth to bedr ck about 7 feet· 

er(:'~~t cr t . t n Line 4 loca ted 190 fe e t . down .... treil.m ; · and t he . former 

mn.y be a 1 ss r e. iabl € dep t h of f ill deterninetion by comp rison 

ith th e d~T)th from r 9si.s t vity Line 2~ 

Dr;r tests on thl3 t op of t he -~'bUtment E,;ave ver;r high 

:-a ucs of re si ~ tnnc to t h e Coconino snn stone . . No pl.-tee ·could 

be found at nny of t he t hr ee downstrerun ·sites whe.re a sui table 

'7! t t e st conJd be Obtai nee_· On the r ()Ck 9-S the wallS vrere SO St eep · 

~.. c. t he c u h.un alv.c -- s in cont ct ':'!ith them so t hat vi tt ted. re.;,. 
. I 

ul t w r ob t rtine . However , t he resi cta ce of t he .be rock f~om · ·. ·. 

the cu.rvBs is v •ry h ' .r;h, almos t equc to t liat of 't he usu..:~ value ·tor :. 

d ry Mndstone ,. so it se """1s . qui ta. pro b ... b .e the l ayering ·enco,1ntered ... 
. . . . . 

here is : YTe t quicksand Q,:"lJ. ; Q,al .. clrty and Viea the~ed rock ·saturated . 

· vri th wn.t:.r conto.ini.ng 1aore dissolved sa.J. ts t and sa.ndstone · for all 

of the 1 ines. 
. . . . . . 

Other evidence supportin r:: ·t .hc i,nterpret - tto·n thll.t no · 

shr"lle i~ present benoath the streambed vrill b e found in t he ro-1} . . 

port of the area. by Harrell and. Ecl~al • None of t!L well · records . 

. . ' . . . . 

. #II . . . . . . . . .· . . · .·. . . 

contnin shn.le ·member in the Coconino sand stone, a11d t he . thickne~s A . . ; 

is shown to hn.vo a minimum of ~50 fe e t in the re l~ion • . 

~----

Harrell, l·fr: .. :-~hnl l A. and Eckel,. Edwin B.- Groi~ndwater 
re sources of the . Holbrook . rof~io ri, Ari zona.; 
vra t er Supply Paper 83~B , 1939 . (Information . ; · 
sUppl i ed by Mr. Eckel .) 

43 



. A for na.tion t est . on the Coconin.o sandstone made .. 

subsequent to this report eave the-: following r . sults : for the .· .. 

10 ' 20, . nd 30 foot i n t e"rva ls: ?8' ~50; 96 ' 594 ;· an<tli4,"ll2 ohm;.;. 

em. r e s nectiv ~ ly·. Th:ls test was mnde at the Holbr~ok · Dam Sit~:: · · 

.on th · top of. the right · abutment near -·the axis~ ·;: 

... · 
. . .· ~-

· . . . : 

· ... ,' . . . 

. :. ·. 

· .. . . 

;· . . 
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- ~ble -14 · .. .... ... 

. ' 

Summary of interpretations· of apparent resistivity curves 

. Forks Dam Site 

Line 
or -Location :Elevation 
Station : feet ± 

1 

1A 

2 

3 

4 

Left bank, on axis, 30 1 from 1eft · 
abutment 

Left bank, on axis, 97.8 1 from left 
-abutment 

Left bank, · o!l axis, 151.2 1 from left 
abutment 

Right bank, on axis, 187. 2' from left 
abutment 

Right bank, 190 1 downstream from Line 3 

• see · text 

. . 
• . 
: 

. .. 

"' ' ......,. 

. . 

·--

. 5177 

516o 

514s 

-5148 
5148 

: Maximum : Estimated .± 10%_ ....... _ _ _ 

. . -

. . -

. . 

. . . . 

Electrode: Dep th : Thickness 
Interval : of fill : of bedrock 

feet feet · feet 

390 . * -· 
180 - 52 

.. 

>100 . . . • . . . 
4oo : 43 : . >350 . 

300 • 51* • > 250 . . 
300 • 44 . > 250 " . . 
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Figure 42 . -
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Littl e · Colorado Rivet : 

Woodruff .· .]))P.J Site . · 

. . . . 
. ' . ·. ··. . 

It vra s con'"'eniently possible to. locate bUt , two of . the 

four resistivity lines on t he p roposed axis of .this :site ; .. the 

qu cksn.nd vras rather treacherous and a bend in t he rive·r made .· 

it necessary to mo\"e dovrnst r eain for the long liri.e No . 4. ·The 

position , direc ti on, extent and . ma.ximum .interval of th iin~s 

i b shown i n Fi t :ure 4 3· 

Tho interpretations of t he apparent res stfvity curves 

are S\im1T1arized in Table 15 . . Fi ·re 44 · shows the depth o over-. 
. . ' . : . . . . 

burden above the bed rock alOhl:, . the p rO':pOsed aXiS ·, . a nd. was pr 

pared from Table 15 and Fi.c;ure. 43.. The r sul t from Line . is · 

· i ri icated as locnted on t he axis wher e t he . trave r se crosses, t htis 

the dashod line. 

The cU.rves indicate t hat t}' e surface . contour of the · 

bedrock i s qttite unifonn i n depth both up and· down strerun .from 

t he ~is . The pre!lent water course alone: t he river bed ~ is . orne-

v.rha t chanr,ed from thD. t when . t he map was . made ' 'and 1 s . ske tched · . .in 

encil 9 n Figure 4 3• 

The l ayering at this site is interpJ;"eted· to ·be the same ·. 

as the Forks site· upstream; . wet quicksand qp.l, ~1 : cl~,y and 

wenthered rock sat1.trated vrith .more concentrat~d salt · wat er. ~ · arid .· 

sandstone. 

.· , 
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~ . . . : 

; 

-
L;ne 

or · 
Station : 

1 

2 

3 

4 

·Table 15 ·. 
. .- . 

·SUmmary of . int~rpreta.tion:-s of apparent resistivity curies · 

Woodruff rnm · site 

Location :Elevation 
feet ± 

: . 

.. . li1axinmm 
:Electrode 

Interval : · 
feet 

Left bank, 525 1 upstream from :B. r~ •• 
(5109) 65 ' from left abutment · · ·: . 5131 : 200 

Left bank, on axis, 245 ' upstream from · 
:B. M. (5109)", high water's edge, 58 1 · 

·from· abutme·nt . · 
Left bank, water's edge', along a.xi.s 

49 1 from Line 2 
Righ t bank, 100 1 along axis from Line 

2, t hence 175 1 -L downstream from axis 

h6 " 

• . 

5105 . : 170 

5103 : . 350 

5104 : 4oo 

: 

• • 

Estimated ±.10~ 
Dep th Thickness 
of f111: of bedroCk 
feet · feet 

. 
fi 

19 . : . > 175 

20 --~· . : >150 

44 • "> 200 . 
46 : > 250 
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Little Colorado River . 

Holbrook Dfun Sl te 

Three r esisti\""ity lines were ·completed_ a.t this si te, .. ~ .. . 

located, as shown in Fir,ure 1.1-5, with ~t 611e .on t he _proposed axis. ·· 
- .. 

A fourth wn.s attempted with the: center on the riGht bank of the 
·· .. . · 

stream above t he axis, . but was ·a.bandonecl as" it was over . quicksand_' 
. . ' . ,• . 

t h t exuded_ ·vra ter in ~ufficien t qunnt ity to chcinge _the. r dings . . . . 

. of subsequ nt i ntervals .so t hat - ~onzisterit appar ent re'sistiv'i! 

v l 1cs coul d not be obta ined. ·- The :. direction, . ext.e~t; a nd m ·- ~i~ 

. i nt erV9J. o f tle lines a:re a.J.so 's ho\'m on Fi _~ re 45 • . -.· 

e int erp·r e t t'ons of the - ~es 'st .ivi t~ cv.rv s are 
. . . . · . 

sumrna.riz ed irt Ta.ble 16. A cross sec tion ·along the p roposod aiis 

in given in Fi ~ure 46. · .. , 

T e l ~ yering a. t t his sits· i s . interpreted to be ~he 

SMe as t a t of t he t wo sites . immedi a tely _upstrerun • . . gp. .vref 

quick£end, ~~1 we t clay, and sandstone. 
. . 

Some ebris , ·possibly broken- sandstone,' ma:r be: P!e~·. 

sent beneath tine -2 ove~l:vine t he continuous . bed rock ~.nd 

ex ends to~arcl t e ri F-;ht abut n·.nt. 

,· 

..... 
. -· . . 

l.t ·1 

.. 



.• 

1 · 

,} ... .. .. 
,, ," ' ~. 

\,· . 
: • • \ ~- " .. ' +.:. 

- l 
\.. 
~ 

. "'\_ 

; 
!) ' ... 

:t 

47A 
:r,,, 

·.~ · 



L·ine 
or .. . 

Station 

1 

2 ··: 

. . 
3 

4 

~ .. . ,. -

Table i6 . .. 

· . .sWnmary o.f interpretations . of a:rparent .·· resistivity- · curves : .· 

Holbrook !BlD. Site •. 

·· Loeation 

Right ban.lc,; ·61' along axis · fro~ .right · . 
abutment, thence 142 • T1 14o N mag.· 
downstream . . · · · · 

Right bank, 210 ' from . base of right 
abutment on Line E 30° N (mag.) fro~ 
B.M. (52)1) . 

Right bank, 82.5 1 from base of_ right 
abut ment along axis 

Ri ght bank, 90 • from fine 3, . 10 1 ·from 
edge of s tream on line E 3~ S (mag.) 

4 

~: Maximum ·: Estimated ±1~ 
. :Electrode ·: Dep th ·: Thickness 

·:Elevation : · InterVal : of fill :.: of bedrock 
feet ± : feet : feet : feet 

:·. . ... . . . . . .. 
. 5095 . · .•. 170 . : . 74 .. : .' >. 100 . . . · . 

5095 • 275 . : 104 . : > 150 • 
: 

5094 : . .. 225 . 87 . .. > 150 . . 
. 5093 : abandoned . 
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Bedrock ·cc 

Figure 46 · 
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Cross sectjon along axis with bed rock profile 

Holbrook Dam Site 
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