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Estimates of Depth to Bed Réck af
some dem sites in the Gunnison;
Little Colorado, and.Zuni River“
basins. '

1938=39

He. Cecil Spicer

In order to obtain estimates of the thickness of the depds;fsj“
overlying the bed rock at the dam sites givén in the report by Pipér ;/,1
an ‘nvestigntion was undertaken, Penjamin E. Jones supervising. The
earth resistivity method in conjunction with the Gish-TRooney apparatﬁs';
was used in the determinations of depths of fill at all of the dam sifgs  w 

of this report,

The dam sites that are reported herein were'located on the:f
Lake Fork Gunnison, main Gunnison and East Rivers in Colorado; and
on the Juni and Little Colorado Rivers in Arizona. |

The field personnel were: H., Cecil Spicer, party chiéf;
assisted by John Pesheck, recorder; Arthur B, Wells, Byron S. Flynt
Chester W, Thurston, Jr., F. 7. Dyer, Jr,, rodman; the party maximum
wag never over four members, | .

In general, the work was performed.during very favorable

weather conditions, The field work was begun August 2 and completed

l/ Arthur M, Piper, Geologic features of certain dam sites in the
Rear River, Colorado, River, and Rio Grande

basins, 1936-37,



November 2, 1938, The interpretation of results and the prepara~ .
tion of the report was done by Mr. Spicer during the period

November 16, 19338 to Jamuary 25, 1939.

The original resistivity curves are not submitted as a :ng

part of the report; but have been interpreted and the results
presented in fisures and tables where possible, along.withvsomerlvf
comments, The Lee modification of the Wennerconfiguration of
electrodes wvas used throuchout the observations, consequgnﬁlx;
all intervals indicate the total distance between the potentiéliizﬂ

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

to obtain the distance from the center of the line or station;  _7:"

i, e, the half interval indicates the distance'from the line
Cepter'or station. P1 is alway§ run upstreaﬁ or uphill..and P2:“
in the opposite direction and thus indicate the portions of thevf %
apparent resistivity above and belbw.the céﬁter of the 1in9.':  

Ficures 1A and 19A, that explainvthé geolozy on the
maps of the sites on the Lake ForkbGunnison. Gunniéon and:Eéét. ;
Rivers, are included for convenience, 5ﬁd the coloring»scheme_'
is the same as used by Piper in hié_report oﬁ:the gedlog1§ |

features,



Gunnison River

Erst River Dam Site (#4=(C)

Four of the seven resistivity lineé conpleted at.this
site were to determine the thickness of the overburden, whiié thg'
other three were to estimate the thickness of the high ferraCei
deposit and the Dekota (7) sandstone. TFormation tests were mad§A
on the different materials at the site in order to assist in the
interpretation of the resistivity curves. #

Ficure 1 shows the location.of the resistiviiy lines
with respect to the proposed axig. direction of the line of
electrodes, and the maximum intervai for each. The summary of ihél~f 
interpretations of the resistivify-curves is in Table l. A ?rOSS"
section alons the axis, Fifure 2, was drewn with f,he aid of Fiv'ure
1 and Table 1, and shows the probable granite bed rock surface.
Layering as indicated ffom the curves is shown for each station -
~in Figure 3.

The topogranhy was such that a lon~ line waé not _
feasible on the 8,170 contour at the axis, so line I was located
47,5 feet above and about the middle of an ou£crop of sandstonel
upstream from the axis on the right abutment. ~The up- and down; :
stream extent of the sandstone outcrdp apnééféd to be‘sméll, ghq.ﬁhefA
resistivity curve for the line indicates.that the sandstone rapid1y*f'
thins out upstream from the center, but downstreem the thinniﬁg is

slower and is probably nearly discéntinuoua in both directions RS



within the 150~foot interval. Contiﬂuous.granitic rbck\is,éovéréﬂlu-v
to about 179 feet, somevhat deeper than the map indicates at this
point, |

Line 6 was limited in extent by the tonorraphy, but the.‘g‘l'v
curve indicates the thickness of the sandstone, also, that the granite &
is horizontolly discontinuous in both directions of the line and’ the...i
overhurden thickness correspondingly. | R

Considerable difficulty was encountered on the right abut-u |
ment in trying to locate the centers of tre resistivity lines and
their directions so that they agreed with the topovraphy and the
geolozy. Probably both are of SYetch qualitv.

Formation tests on the granite rock of the left aﬁutmenf“
gave a rence of 147,850 to H65.0do'ohm cm. - A damp- layer of dec0mposed
>.Sr°nitc and soil covered the harder rock, and is thoufht to be thej«T.“
ceuce of the low vnlues obtained at the smaller intervals.‘bA‘form-,f~_ 
ation test on the dry (Dakota?) snndstone'gdve a_fﬂgée 6f:59.060 ,
to 54,375 ohm cm. over the qnnevihtervéls;’ | -

Results interpreted from the anparent resistivity‘curves._~
of Linzs 4, 5, 6, seem to not be in mreemnt with the p'eolof'ica.l ;
interpretations for the richt abutmpnt. Line h shows that.granite   gA ﬂ
rock lies below the discontimious Snndstone; Line 6 ;ndiéa§e§va'
cranitic layer below the sandstonéﬁthat is deeﬁening 1n 5oth'difeCt;§n§ 
of the line; and Line 5 has a bedrock layer with an epparent re- .
sistivity so high that it would be rather difficult to inferpret 1t

other than eranitic. Thus it appears that ‘the rranitic rock is con-"



tinuous in the right abutment, and the sandstone layef is_discon- }._

timous somewhere between Lines Y4, 6, and S

n
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EXPLANATION _
FOR GEOLOGIC MAPS OF DAM SITAS ALONG THE

GUNNISON RIVER, COLORADO.

Qel

FLOOD-PLAIN DEPQSIT
(coarse gravel and boulders)

—

At

LOW-TERRACE DEPOSIT
(gravel and cobbles with soms sand and boulders)

Qht

Lt i

HIGH-TERRACE DEPOSIT
(unsorted sand,gravel, and large subangular bouldera)

KJu

DAKOTA SANDSTONE, MORRISON FORMATION,
AND SOME OLDER SEDIMENTARY ROCKS;
NOT DIFFZRENTIATED
(largely medium-grained sandstons,in part earthy,commonly
cross-bedded; snmewhat friatls if weathered)

UNCCNFORMITY

pEes

GRANITH,SCHIST, AND RELATED ROCKS
(biotite granite or quertz-monzonite enclosing extensive platoo
of schist, the whole cut by younger granite; elso, dense
massive schist intimately invaded by granitoid stringers. -
Ruled color pattern indicated areas in which these rocks :
are concealed by talus and slope wash)

(/‘ao°
STRIKE AND DIP OF SCHISTOSITY

O
©

VERTICAL FRACTURE

—— - —

LIO
STRIKZ AND DIP OF INCLINED FRACTURE

Z0NE OF DISCONTINUITY BETWERN SETS OF FRACTURES -
A—- -———8
SUG3STED POSITION FOR DAM




Table X
Summary'of interpretations of aprarent resistivity curves

East River (Cunnison UC) Dem Site

Line » . :Tlevation } Vaxirmum © + Estimated =10 €
or i Location $. feet Electrode Depth  :Thickness
Station ‘ ' 8 ¢ Interval ¢ . of ¢ " of .

. feet fill bedrock

s 3 :+  feet : feet

1. Left bank, water's edge, on axis s 80M5 4 . 200 s U2 g N1EO

2. Right bank, vater's edze, on axis ¢ goY5. 5 350 75 1 >275

PA. Right bank, on axis, on Qel, 132 feet from line 2 ¢ 2065 s - 300 : 63 ¢+ »225

3. Rizit benk, on axis, on gel. 215.2 feet from line

2 on right abutment : 8070 : 260 : L s >225

4, See Fig. 1, on right abutment SRR Iy (o) : 150 s 120% & 200

5. See Fig. 1, on risht abutment : 8220 : 250 . : Shs s 200

6. 250 feet above Line 3, on risht abutment : 8150 3 100 : 1% 3 S T5

* Depth to grenite.
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Gunnison River

Almont Dem Site (# 3 )

Four resistivity lines were completed at this site in';"

order to determine the thickness of the low=terrace deposit.. “: - o ¢

_ Ficure 4 shows the location of the lines with respect to the

proposed axis, direction, and the maximum interval for each,

The results from the interpretation of the apparent x,f'  

resistivity curves are given in Table 2, A vk section‘aloﬂgﬁh
the dam axis with the depths to bed'rock is shovm in figure 5 f_  
and was prepered from Figure 4 and Table é. The probable |
layering is estiméted in Tigure 6 for each of the stations, .
Lines 1 and 2 indicate thaf,the bed.rock_snrface is._ ? ﬁ?
about the same denth in both directions from the center statiéﬁ.»r

Lines 3 and 4, however, trend toward the interrretation that more

continuous bed rock lies upstream and the thickness of the over=. 234

turden above it probadly decreases in the upstream direétibn;: e
while Jovmstream from the center, horiiontal diecontinuities
anpear to be present on the two curves tﬁd£ viould. increase thq.:i X
denth to continuous bed rock. The intervais_from 200 4o NCO-fi: ‘

feet on line U were taken following a heavy'raih. and may be = §:

slizhtly different from the ones that would'have,been'obtdined v"jfj;

if' the traverse couwld have been completed before the ground wés  --'f'

soaked. A line hicher uplthe slope from station U would have_j_

been desirable, but the nature of the terrain made it ime



practical to obtain as so many large boﬁlders were pfesent.;i

It was not possible, t0p0~radhically. to ettend line 1
to an interval large enouph to see if there was any chan?e 1n &
" the character of the apparent résistlvity curve as 1t passed

from the massive granite to the inclosing massive schist.,
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|  GUNNISON RIVER DAM SITE NO. 3
MILE 39 gfpppp
Migure 4
V. ~w

Loeatisn, Airection, extent snd ma:imum interval of
resistivityv lines, Almont Dam Cite,



. Table 2 g

Summary of interpretations of apparent resistivity curves - - - '

Almont { Gunnison River.# 3 ) Dam Site .

Lire L 5 ' , - :Elevatioh L Maximan o Estimated +10 %
or .~ Loecation : ~ Zlectrode Depth = sThickness
Stetion R ! Vs ' ’ :  feet ¢ Interval 3 of of .
P s ' : feet fill bedrock
F s : oy feet 3 feet
1. Risht bank, edsge of road, on axis, 10 feet K
from stream 2 = T395 : 300 : 33 ¢ »270
2. Left bank, water's edge, on axis : 79231 5 3R/3 100 :  >230
3, 165 feet along axis from line 2, left bank s 2023 : 355 5 .. 120 8 2200 :
4, 100 feet alon~ axis from line 3, left bank : g035 : 400 : 122 ~ s >100




Bedrock N \/ ‘Bedrock
Granite - T , Gronite

Figure 5

Cross section along axis with bedrock profile ¥
Altmont (Gunnison R¥3)Dam Site

I"= 200’



Sta. |

Road fill
stream
deposit

Bed
rock

anite

)270°

Layers beneath centers of resistivity lines

Sta.2

stream
deposit

Bed
rock

Gronite

2230

Almont Gunnison R*3 Dam Site

Sta. 3

Qlt

terrace
deposit

Bed
rock

Granite

»200

Sto4 P

Qlt

terrace

deposit |

Bed
rock

Granite »

¢R



Gunnison River

‘North Beaver Creek Upper Site ( # 3-A )

Tro of the resistivity lines at_this sit§
were located on the dam axis, and the three other lines wére
positioned with the centers such that‘the'greutest separation: _ T
of electrodes could be obtained on the area available. Figﬁré;?laﬂ
cshows the positions, direction, éxtent and the maximam iatefvél ;
of the resistivity lines. Table 3 is the swmary of resﬁlta\05- 
tained from the interpretation of the resistivity curves. 4
sketch of the cross section along the axis, Figure 8, has théT'
bed rock surface indicated by a dotted line from centers é tolé;u *
as the intervening denths were projected on the axis to the |
points where the traverses crossed. The layering, as inﬁenQ
preted from the resistivity curves, that pfobably exists be-
neath the centers of tiie lines is.showh‘iﬁ Fizure 9.

The indications of the Py and P, portions of the ré=.
sistivity curves tend to justify fhe préjection'of the depth
indications from lines 3 aﬁd 4 on the axis, in thaﬁ'tﬁe bed rock'.
profile is nearly flat beneath_tﬁe.travefses_of these lines.> ”

.Line 5 was taken under rather unfavorabie topographiégf;:
conditions elong the edgze of the D. and R. G. W. R. R,vfill:' 5
adjacent to thé abutment wall, aﬁd four feetvfrom the center
line of the tracks. The line was placed in suqh a manner‘§0‘  :

attemnt to locate the thick nlate of schist mentioned on page .

10



U6 by Mr. Piper. Formétion tests'on the wet granite and schiﬁt <
were not obtainnble, but from the dry formation tests it ig |
inferred that probably too 1itfle difference exiéfs betweenbthe'

" two materials to have sufficient effect to be noted on the types
of curves for the site. The granite and achist is also closely
intersrown with inclusionsrwhich further éomplicates any at—L 
tempt to separate the individual effects of each on the curvo; o 58
From the curve, therspur—like feature abqve the land surfécev'
anpears to contimue streammard beneath the.linevbégiﬁniné with
a sharp drop from the 50 ﬁo 70 feeﬁ{intérval and continuesi
dovnward less steeply to about the>120-f06t intervalvvheré '4 

continuous bed rock is indicated{

11
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GUNNISON RIVER DAM SITE 3-A (upper) S
MILE 20.7 o LTS &

Figure 7

Plan Scale 1:4800 orlinch=400 feet < Al
400 200 () 400 . 800 1200 Feet =

Contour interval 10 feet

Datum 15 mean sea level

Location,direction,extent and maximum interval of resistivitylines
North Beaver Creek,Upper Dam Site



. Table 3
Surmary of interpretations of apparent resistivity curves

North Beaver Creck Upper Dam Site (4 4G ')

Line i o ©: Hevation : Yaximum : Estimated£10%
or B Location _ ' Flectrode  Denth - :Tuickness
Station . e g : feet i Interwal : of s+ of
' ' ’ feet fill - bedrock
. RS s + feet :  feet
1. Right bask, on axis, at water's edge T T ge 7800 .y 200, g 21 33150 -
2. Left benk, on exis, at vater's edze : 7500 : 200 1 4 -3 >150
3. On Qal, see map Fig. T Y 7503 : 250 : 51 s »>200
4, f " " " n " . 7503 : 200 : 36 s 150
5. 37.5 feet upstream from axis, 4 feet E. of :
R. R. tracks s 7515 : 200 s 133 : >150

* sec text

12
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Fiqure 8

Cross section olong axis with bedrock profile

North Beaver Creek,Upper Dam Site (‘4 c)
= 200" |
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Gunnison River

North Beaver Creek Middle Site ( #2 )

The five resistivity traverses completed at this site
“enabled estimates to be made of the thickness of the ovérburden:' 
above the bed roclk. Two of the lines were not ceﬁtered on the j
proposed axis. The position with respect to the axis, direcfion.1 
extent and the maximum interval of électfodes for each linebis?;:f;
shown in Figure 10, The results from the interpfetation of tﬁé '
appareﬁt resistivity curves are swamarized in Table U and'iﬁ
Figure 12, tre probable layers beneath the stations that weré-
estimated from the resistivities of the materials, iz shown to .
scale. In a cross section of the dam site along the prOposed:f .
axis, Figure 11, the bed rock profilé beneath stafions‘j and
4 is a dotted line, indicating that the centerwof-the re-’ ,
sistivity lines were not on the axis, and that tﬁe denth détef— : ,
minations were projected to the point ﬁheré the travegsé éroésedi:"
the axis, '

The bed rock surface benéafh line 1 is estimated to
dlp domnstream. However, as this line was quite difficult to
‘obtqin, due to the large amount of recent hishway £i11 alongvthe!
stream bank, indications other than thickness of overbufdeh}fromvi
the curves of this line were disresgarded. The bed rock benéath

line 2, also is estimated to be at a shallower depth upstream from

13



the center. Along line 4, the bed rock surface as shown by-th§
apparent resistivity cufve is dipﬁing downstrenm{ butia gone of: 
discontinuity appears on the upstreah curve fo:vthé’éoth'luO. |
foot interval that is interpreted to be a 'thickeni}xg‘ of tﬁe_ G
low terrace and talus overburden. The downstréam"éor'ti_oﬁ: of thé'

curve for line h, homever, apbears to be continuous roCk,l'~‘

1
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Table 4
Summary of internretations cf apparent resistivity curves

North Beaver Creek Middle Dam Site ( #2)

Line - ' : Tlevation : Meximum  : Estimated+10 %
or ‘ Location - . Flectrode Denth . :Thickness
Station ' : feet ¢ Interval of of
, feet ¢ fill ': bedrock
: 3 feet feet
1. Rizht bank, on axis, at water's edze s 489 ¢ 200 T3 11 s >100
2A. Left bank, ®w o " n oo + 7429 : 120 : 26 s 90
2. W W m W 27,7 feet from R.R. tracks ¢ 7495 1 250 :. 50 3 .200
3. " " , see map, Fig. 10 ¢ 7520 . 300 ¢ 110 ¢ 150
4, " oo U " : 7532 : 200 : 60 : (cee
. text)

15
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Gunnison River

North Beaver Creek Lower Dam Site ( # 1A )

In Figure 13, the sevén resistivity lines completed étg  ]
this site are shown as to nosition, direction, extent and méxiMum  '
electrode separation, The interpretations of the apparent re-
sistivity curves are summarized in Table 5, with the layers,‘as
estimated from the resistivities of the materials, given to scalé‘
in Fisure 15. A cross section of the site at the axis is given 1'1
to scale in Figure 1U, Lines>23. 2C and 2D are omitted from‘thién !
figure as they were not located on the gxis. 2

It was necessary to locate line 1 along the stréamward,fn
edse of the U. S. Highway 50, as recent road fill énd depth of thg]v,
river made any other positioﬁ on the axis near the water's edze 5
impossible. Nevertheless, a smooth curve.resulted that gave a
£00d interpretation. A very hish conducting layer is present oﬁi o
the curve at an anﬁroximate denth éf 85 feet, but no such in- |
dication appears on the anparent resistivity curves of the left
bank, so the exact nature of the‘materiai is not known and is ‘
v ascumed to be a local condition, possibly in some way aggociaﬁéd
with the fractures present downstream from the éxis in fhe righf'
abutment, _ :

Lines 23; 2A, 2C and éb vere pOSitibned almoat.pe:pendié'z

cular to the axis in an effort to delineate the granite rib which,

16



~ according to Piper, p. 43, crosses the rivérialong the axis. . The °
bed rock surface beneath these lines inclines slightly downstream
to the vicinity of line 2D where it flattens and is nesrly 1eve1;"
As at the two adjecent upstream sites the resistivities of thé— ::‘H
granitic rock and the schist is nearly the same wvalue when dry.
and probably also when wet, consequently a separaﬁion of the two i
materials on the apparent resistivity curves is very difficﬁit;'.;
This condition is further complicated by the éxtensive areas

of inclusion in which the two ﬁatérials are'intergrownf The
curves and thelr associated parts do seem to indicate the 

general boundaries, provided the wet granite is of highe: re—v"
sistivity; and are tentatively placed upstream from 2B, ap—i.
proximately SC:feet. and downstream from 2C but above 2D. A
laboratory study of the electrical propertiés of the rock éamples,
both wet and dfy, might essist in a better estimate of.thef.;#'H

boundaries,

_17
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Location, direction,extent and maoximum interval ot resistivity lines



. Table 5
Summary of interprétations of'apparent resisfivity dur#és_'

North Beaver Creek Lower Dem Site ( # 1 4 )

- Line : _ : Devation : Maximum 3 Estimated 210§
or : Location e : Electrode Depth  :Thickness

Station 43 : _ e e :  feet : Interval '3 of of
' g ' feet fill " bedrock

feet : - feet

1. 11.5 feet from right bark of stream along edge

10 15 ¢ >100

of road, S feet above water : 7488 ¢ :
2. Left bank, or exis, 75 feet from water's edge : L83 s 150 s s =100
24, " AT oo , 20 ‘u [} ﬁv " i 7&79 : 180 : 53 . > 100
2B. 175 feet upstresm fron 2A, see Figure 13 : 7479 s 100 : 42z > 50
2C. 200 feet downstream " ®  m  m " : 7479 ¢ 1o 5 3 >90
2D. 300 " " ®.20, .9 . " 3 7470 150 3 54+ 2 90
3. On axis, 66,1 feet easterly from R.R. tracks : 7512 200 : 53 ¢ 2100

18
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Gunnison River

Lake Fork Junction Dam Site

The work ot this site consistéd of six resistivity
lines: two at the water's edze; three on the risht abutment;
and one on the left abutment. The location of the lines with
resvect to the proposed axis, direction and extent of the -
electrode iine, and the maximﬁm interval 1s.shown in Eigurevls,‘

-Table 6 gives the results that were obtained from the 
1nterpretétion of the apparent resistivity curves. A cross v
section of the site at the proposed axis, Fiscure 17, shows'the 
depths to bedrock beneath the seversl stations §f the re-
sistivity lines. Fisure 18 shows the probable laYefs, estimated
from the resistivities of the curves, that are beneath each of
the resistivity lines. V

Lines 2, 2A, and 2B indicate that the sﬁrfaee df the
bed rock leyer is very irregular witﬁ gone vefy rapid thickening.u'.
of the top layers. No very thick layérs §f ﬁhe materials above
the gneiss bed rock appear to be present beneath the fhree iines~ 
on the right abutﬁent: the maximum thiclkmness was é? féet‘beneéth _f
line 2,

Line U gives~aﬁ interpfeted‘deﬂth of about 17 feétft6 :
the gneiss bedrock that 1ies.below the high terrace_deposit,
sandstone and shale members, of which materials about 7‘f¢et is

shale. The apparent reéistivity curve is irregular beyond'the-_"

19‘



175-foot interval; and this may indlcate either a thickening of
the upper low resistance formations, orkthe very ifregular topo-

eraphy over which the observations were made. may be the causé.' ¥
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Location, direction,extent and maximum interval of resistivity lines. -




Table 6
Sumrary of intervretations of apparent resistivity curves

Lake Fork Junction Dam Site

“Line , s Tlevation ¢ Maximum : Istiratedx10 ¢
or Location v Electrode Deptk :Thiclmess

Stetion ' L P H feet - ¢ Intervel ¢ . of of
e e ' : : feet fill bedrock

3 s : feet : feet

1. Right bank, water's edrce on dar axis : 7195 : 120 : B, 3. ~100

2.  On right sbutment s Tu50 : 200 : 7. 3 »'10

Ao oM N . g IH30. pwee. 200 0y 7- fg ek

2B. " " ¢ THTC : Lo0 : 16 3 2150

e Left bank, water's ea;je. on dar axis : 7195 s 100 : BeHiog 1. >90

4, On left abutment : 7L20x5 g Lo : 17 .3 >100
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Layers beneath centers of resistivity lines

| Lake Fork Junction Dam Site
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Gneiss et » Gneiss Gnelss Gneiss : rock
Gneiss ' ' :
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Lake Fork of Gunnison River

Independence Creek Site

The extent of the‘resistivity;work-completed‘at this
sité is shown in.Fiaure 19. The center of each line is indicated'; ;»7
as to position with respect to the proposed dam éxis;' the direction;,.
of the line of electrodés; the maximun electrbdé int@rval; indicatéd '
in smsll firsures 2long the lino;-ﬁnd_the>pumbersof.the line of' |
station are also on Firure 19.>f "

The results from the interpretétion_of the resisfivlty:‘t 
curves are given’in Tablé 7. A cross'éection aleng. the axisﬂthatr ‘f
wvas prepared from Table 7 and Fi;ure 19 shows the bed rock profilq.-
Ticure 20. Lines 4, 5, and 7 are indicated on Figure 20 as if théy'
were on the axis, thourh actually they are not, thus:the dashed"
line indicating the bed rock suffqge. The  ewirves 1ndicate‘avraﬁhér.[f 
good .isotropic layering so it is assumed that about the sabe depthﬁ} g
are to be found where th§ traverse crosses the axis. .

No certain identification wﬁs made of the rock lnyervpre;v
" sent beneath the qpértz latite, and no outcroﬁ downstresm from’thén
site was found which, in the opihioﬁ of Mr. Pesheck. could be és;”
sociated with the latité. HoweVef;'the appérent resistivity curves
do indicete that a more resisctant métgrial-ié presént af the\lbiérl’”f
levels reached by these curves. _ ‘ |

The probsble layers that lie beneath t;,hv'e" resi.stivity__-- |
‘lines have been estimated from the curyés,:énd,afé shown td écaiéfﬁ*‘-

ir Ficure 1.
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EXPLANATION
" FOR GEOLOGIC MAPS OF DAM SITES ALONG LAKE FORK OF

‘THE GUNNISON RIVER, COLORADO.
i

Qral

STREAM=-BED AND FLOOD-PLAIN DEPOSIT
(eand, gravel and cobbles)

Qs
Qt

SLOPE WASH(Qs) AND TALUS(Qt)

Qonl

TERRACE DEPOSIT

(sand nnd gravel with cobbles and boulders
as much as 12 inches in dismeter)

Q1

LANDSLIDE RUBBLE

(unassorted debris of nll sizes up to blocke 10 feet long)

\
M1d

RHYOLITE (?) DIEES £

B
Via 4

M11 i

1 | 5
ANDSSITH (Kla) AND QUARTZ LATITE (M11)| g

)

* ANDESITIC PYROCLASTICS: ‘
(egelomerate, tuff, scoria, and pumlce))

GREAT UNCONFORMITY

pts

'
AMPHIBOLITE SCHIST

~
STRIKE AND DIP OF BEDDING

_ (/
STRIKE AND DIP OF SCHISTOSITY

i (28 o
TRACE AND DIP OF INCLINED FRACTURE

SUGGESTED POSITION OF DAM



Table 7 .
Summary of interpretations of apparent resistivity curves

Irdependence Creek Dar Site .

Maxirmum ¢ Estimated=10%

-

Line ' % R g ' : 3 Elevation : Electrode . Depth :Thickness
or -~ Location” ~ - ‘ s . Interval of of
Station ' : o ' : : feet : feet : il ¢ bedrock -
: ' i ' feet feet
1, Along stream-edge of road, left bank, on axis : gLzy . HTe') : 59 ¢ > 280
2. Tater's edee, richt bank, on axis ¢ 8432y Moo -3 26 7 3 .>100
3, 50 feet fror stream on R. R. fill, on axis s 847 -+ NoO s 15, ¢ >100
4, On right abutrwent, 201.5 feet upstream from axis, ;
135 feet from escarpment ¢ 2”63 : 100 : 17 s o 60
5. On right aburrent, 172 feet Z. 25° S(maz.) from
B.lM. (8566), rot on exis : 8545 : 360 s 37 s 7200
6. 379 feet from B,X, (8566),rigit atutmert, on axis ~ s 8555 ¢ hLoo : 50 . ¢ >200
7. 326.5 feet from lire 6, 1F1.5 feet_l.to axie,
" downstream, not on axis s  &molk : 400 : 38 : >100




Loke Fork Gunnison R,
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Cross section along oxis with bed rock profile

Independence Creek Dam Site
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Lake Tork of Gunnison River

The Gates Dem Site

The lines completed at this site, the position vith
respect to the proposed exis, the direction, and the maximum ‘
electrode‘intérvnl, are shown‘in Fiesure 22,

The results obtaineg from the interpretation of the re=
sistivity curves are tabulated in Tsble 3. By\means of Figure 22
and Table 8, Fisure 23 was constructed and shows tre bed rock |
profile beneath the site. The very loose nature and the sizé of‘ H
the talus Qt made resistivity lines impractical farthef up the
slope of the abutments,

Tro horizontal discontimuities in the bed neclk appear
on the upstreem portion of the curve from the center of line 1;°
20 to U0 feet intervals, and 60 to 90 feet intervals; tﬁat in-
dicate the possible thickeninz of the alluvium in this direction;
The dowﬁStream portion of the curve, hbwéver, is more unlform.
and a depth estimate is also given for this part of the curve.
Line 2 was in a material of very low resistance and samples ofb
the rocks were brought in for éxamihation. Charles Milfon of
the Chemictry and Physics Section reports.that trey contain cone
siderable magnetite and ilmenite, sufficient to be attracted
stronsly to n'maénet, and thus would have a low ;esistance.

Line U indicates a horizontal discOntinuity between the 70 to

100 foot interval with a corresponding thickening of the overw -

‘Qh:



burden, :A similar éondition appearé oﬂ'line 5 for ghe_5d:t6
100 feet interval with the more pronounced'thicl;;hivng‘.df.tlfl,e»'
overburden upstfeam from the centefithat may increaselﬁhe:,_,
thickness 10 to 20‘pefcent more than is given-in‘Table Ce

The thickness énd character of fhé‘formatiqné ﬁein
neath tre lineé have been_estimatédvfrdm the curves éﬂd1is =

siven in Figure 2U,

‘ 25
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Location, direction,extent and mdximum interval of resistivity lines o ats Sas :




Table 8.
Summary. of interpre-tations of apparent resistivity curves.

The Getes Deim Site

: o Maxirum 3 Estimated +:10 €
Line B R T ' ' tElevation 't Electrode Deptk s Tuickness
or - ‘Leeation . - .- | , - Interval : of of
Station A - el R _ feet feet fill bedrock
- : : ' 1 ' H : fest :  fest
l. Rigkt benk alonnga,erls édge on axis : 7879v $ 150 . 3 : > 1o
1~Fp. o no. w W now : 7879 s 170 : 10 : >1L0 .
. Rizht bank, weter's edze, 200 feet dowvm from axis 3 TETE s 150 : 8 : >1Lo
2, Rigrt abutment along old R. R. grade - : 2020 : 1%C s 22 : >120
L, Left bank, 15 feet from water's edge 72321 : 150 : 10 : >1ho
5. Left bank, 150 feet from streem con 3020 contour : 2020 : 140 s 6 : > 150
6. Left abutment between 8050-F0 contour s 2055 3 2% : W : >1L0

26



Lake Fdrk of Gunnison R,
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Figure 23
Cross section along axis with bed rock profile
The Gates Dam Site ,

I'= 200"
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Lake,Fork of Gunnison River

Riverside Schoql Site

Six resistivity lines were completed at this site, and
the position on the axis, direction, maximum slectrode 1nterval,‘
and the extent of thle linesiare Qhowﬁ in Figure 25.

The results obtained from the interpretation of the
anparent reslstivity curves are given in'fable 9. A crdss sectién
along the proposed dam axis is shown in Fisure 26 and was construcfe@ i
from the results in Table 9 and the Figure 25. The probable 1ayefs
vere estimated from the resistivities and are shown for each of‘tﬁe-‘
lines in Ficure 27. |

The bed rock at this~site is estimated to be similar to
that encounfered at the Gates site‘apnro#imatelw 5 miles upstream.'
nna hag an anpnarent resistivity 6: about the samevyalue.. Best . -

interpretations were obtained from the curves for lines 2, 3, and 5.

1
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“RSIDE 5CHOOL DAM SITE .
MILE 4]
Figure 25

Location,direction,extent and maximum interval of resistivity lines



Table 9.
Sumrary of interﬁretations of appafent resistivity curves

The Riverside School Dem Site .-

: Eetimatedz 10 %
Line tFlevation ¢ Maximum 3 Depth - : -Thickness
or Location 25 - _ . . Electrode of of
Station : feet : Interval ¢ fill ¢+ Dedrock
' L =% AL, feet feet feet
1. Risht bank, water's edze on dam axis s 7202 : 100 : W o s - 60
2. ZEasterly from road center 20 feet, on axis s 7222 : iigte) : 75. ¢+ ~ 300
3. On right abutment, center on axis, 7830-30 contour : 7327 : 200 : Lo 150
L, Left bank, 18 feet from water's edze, on axis : 7303 : 300 : 73 s 225
5. Left banik, 115 feet from stream, on axis : 7220 : 350 : g85- -3 250
6. On left abutment, 1L3.5 feet from line 5, center
on axis s 1875 : 400 : 27 . 38 500




Lake Fork Gunnison R.

Bed rock
MI

Figure 26
Cross section along oxis with bed rock profile
Riverside School Dam Site

I= 200’
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Lake Tork of Gunnison River

Madera Siding Site

The resistlvitybwork'at this site consisted of mdking‘

a formation test on the siliééous amnhibollite schist, both aiéng
and across the foliation; and a short line, 100 feet maximm |
interval, with the cenfef on the 7800 contour, 100 feet upstream_ith
from the line joining the B. M.s and on fﬁe‘ri&ht abutment as .
shown on Fi:gre 2TA. .

Thi§ point is located aboﬁt 2O feet doﬁns@ream:from thé 2} 
larger tolus area on. the risht bank, Plat‘e. 25 of Piper's repor't,
s0 that the dowvmstream portion of the line is over schiét:and the
upstream part is over talus with thevexéaptloﬁ pf the>fifs£'20 féét;_

The curve obtained offefs only a qualitat?vs‘ihferpfeta;
“tion that agrees weil with the position of the 1ine;_1n thaﬁ}confv
tinuous rock appenrs downstream and_télus’upétregﬁ.frOm4thef¢§ntef .
of tﬁe line. The schist is discontinﬁons from about the 30;foof
interval upstream to the last interval obﬁaingd}‘iooifeét, éhd 555
the talus may thicken, thoush the a@ouﬁt i%\hoﬁ‘ascerfaiﬁabie'u
from the curve. The tobography we.s such‘thaﬁia 1§ngef 11pé wﬁs ”ij£

impractical.
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Little Colorado River

Little Colorado River Dam Site

The position of the'tweniy;five resistivity iines along .
the two proposed axes at this sige, together with.the'directiﬁn.
and extent of the lines are shown in‘Figuré 23, | |

The intorpretatioﬁs from the apparent reéistivity cﬁrVes ‘
are given‘in summarized form in Table 10 for axis AB, and Table ll
for axis CD.

A cross sectlon along the nroposed dam axis'ABﬂis5shoﬁp'h
in Ficure 23, with the depths to bed rock beneath the sentors: of

‘the resistivity lines that were located on the axis. Toe and
heel depths may be takeﬁ from Tﬁblé 10 for cpmparisoﬁ.

A similer cross section alonz dam axis CD is shownblﬂ
Fizure 30 for the four-resisti%ity lines cdnﬁered oﬁ the axis th;t.
deterine the depth.of fill.” Gomparative toe and heel depths Hay:
be obtained ffom.Tnble 11, » | ; e

The ldyers béneatﬁ eachbresistivit& line have been. .
astimated from the apparént resistivity'curvés,;and;are showniin
Fimure 31, with tie excenttoﬁ of Station 12. 

Some horizontel discontinuities of the Bea rbc# layéré
show-markedly on the "full"'resistivity cﬁrves ds well asg upon ;tﬁ

and P.. - : | |

1 2 £ : ,
Along nxis AB, line U shows a horizontal discdntinuity'_>;

tvo component perts, P

of the bed rock layer, Trm, from ihe.lzo-footlto 200=foot interval

30



and again between the 250-foot and 3do-foot interval on the Py '
portion of the cufve, and another on the P, curve from the léO-_;‘bi
foot to 160~foot intervai. These variations are more pronovnced
on the curves of lines YA and NB, A1l of the abévé_diSCOntinuities
are small and, at most, increase the depth of‘fill onl& a few feet,
probably less than iO nércent of the ﬁhickness of the overburden,
Lines 5, 6, and 6A indicate that'the.bed rock formation, Trnm, i§_1A ”
continuous under the extent of the resistivity traverses, with the
éxcoption of some small horizontal discontinuities that incrcase.
the thickness of the terrace deposit, Qt, st a few places slong
the resistivity line, | | by

Axis CD, the alternate axis, also s mdit Borlsbntal s =
discontimuitieé with a-corresnonding tnickening of thé‘o§érburdeﬁ. 
Line & indicates such a discontimuity froﬁ‘the 90-foot to 120-footv: 
. intervals on the P, curve, and is more aﬁnareﬁt frdm'the curves of
ZA. Depth to bedrock may be 10 - QO‘pefcenf more thaﬁ is indicafedi
fdr the comnlete cur?es alon~ this portion of the fravérse. ‘Line ‘
9 indicates discontinuties on Py from the IOO-foot to lSO—féot
intervals and the 250-foot to 3od;foot intérvaisg on Pg,*from"'thé_" '
120-fo0t to 160-foot intervals, and the 230-foot to 230-foot ine
tervals, The effect of the'var{atioﬁsvof'the bed rock surface igu,‘
more anparent from lines 9A and 93;'éﬁd here the overburdenlméy fé
as much as 10 tq 20 perceﬁt thicﬁer‘béneath thé discontinuous poi—
tion of the resistivitv line than is indicated for thﬁt beneath

the center of the line,



Resistivity lines 11 ond 12 are on the terrace déposit._'.
Qte, of the rigit sbutment near WEW of Flate 27.in Mr. Plperis
renort, A horizontal discontimiity on P2 of l'iinebllA. from 70' :
feet to 160 feet, the maximum'practical interval.'indicatés'the'
thickening of the terrace deposit down the contoﬁr of the ravine,.
The Trm formetion appénrs to be contimous Qn the résistivlty
curve, however, in the upstream direction. The apparent fef.
sistivity curves fof line 12 éré'rather conpléi and_haVe:ﬁééh e
analyzed in a qualitative maﬁhe£, and thé‘remxlts arevg;vgﬁ v

diagramatically in Fisure 32.
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Figure 29
Cross section along oxis with bed rock profile
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Figure 30
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Zunl River

Lower Zuni Dam Site

In all, sixteen resistivity lines weréqumpletéd at
this site; six on exis AB, four on aris CD, -and sixloh axis EF.»»
The position, direction, extent, and the maximum electrdde
separation of the lines are shdwn'iﬁ Ficure 33,

| A summary of the inierprétatioﬁs from the #ﬁparént re-
sistivity curves is given in Table 12, that is separated into .
groups of lines for each axis.

Cross sections along the three proposed axes are shown
in Plgures 34, 35, and 36, The bed rock profiie was obtainedl
from Table 12, Figure 33, and Plate 26 A (lir. Piper's repori). :

The layers beneatﬂ the centers of the resistivity lines;
obtained from the apnarent resiétivity curves, are estimated in
Fi~ure 37.

Considerable unevenness of the bed‘roék pfofiié.igi_.~.
noted in most of the curveé and the major horizintal diéédn;
timities will be S ¥y T P vere found in the study of the .
apparent resistivity curves of thig site. 1A conseqﬁent thick=
ening of the overburden is indicated in évéry 1né£aﬁce-mentioned._
Line 1; Py 70 feet to 170 feet interval; P, 50 feot to 20 feet

1nterva1.
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Line
Line
. Line
- Line

Liné

Line

Line

H

P, 70 feet to 120 feet 1nterva1;_

P, 200 feet to 300 feet interval.

P, and P, , 200 feef to‘350 feet'interva;,

) and P, , 20 feet to 150 feet 1ﬁtorv§1.

P, , 60 feet to 100 feet, 160 feet to 200 feet,

325 feet to UNO feet intervals; : ,

P, 60 feet to 90 feet, lGvaeet to 200 feet intervals,{f-
Pys
160 feet interval,

170 feet to 160 feet interval; P, 90 feet to .

From the 30 feet interval to the 170 feet interval,
there is a larse general discontinuity of the bed rock
formation indicatins the probable existence of a nose

like structure buried beneath the Qal. This is in

_part substantiated by an outerop of Trm formdtion,,or

was concidered to be such by cursory field'examinatipn,‘

and a flowing spring in the vicinity of the pénciled'

arrow, Firure 33, along the bend of the river near the-

center of line 11, This formation is ndt, however, shé@n
by Mr. Piper on his map; Plate 26 1. Gontlmisis bed rock -
1k, thererors; s a dépth considersbly greater than £he_'
€ feet civen in Table 12, and a good'estimaté ie not
ﬁossihle from the curve fof‘this traverse. - The_thick—t

ness of the bed rock ls probably as great as that of -

~adjoining lines,



Line 13;

P, , 25 feet to 60 feet interval indicates a thickening._
of the Qpl dovmstream from the center. This interpreﬁa; A
tion is substantiated by the uncovered bedrock formation
that was observed iﬂ the wash about 200 feet_upstféam ;.:
P, bt wbnber o Lite-13. ! Tois bed rock formation
appeared to be Trm with interbedded sandstone and shale‘“
members that had dipsiﬁ-wvdownsfream and S-E'uﬁstréam.
The amount of dip was not exactly determined. Also, the

. . . ;
exposure of this formation is not shown by Mr. Piper on
his map, Plate 26A. There is some indicatinn, alSo,‘fhat 
the buried structure might have the similar ﬁoseaiike .

shape of ‘the exposed formations of the area,
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Samiary of internretatiorns of apmarsnt resistivity curves
Lomer Zuni D= Site
Tati-cte 1
Tine - & . :"‘ ';‘“i T e
" . ¢ ZTlavation g imum ¢ Zeznth s Tnickne
ozation oo P &
st ati trode of of
tatisn : feet : erval ¢ fill s bedrcck
S R e . fest  fest feet
. T
1. 20 fest streamvard {on left tank) fros centar of
road on azis ¢ 5470 : Loo ¢ 6.5 ¢ > 200
-~ - N ~A o / d . o
2. 0On left bank 120 fezt streamward fron center of )
road on axi 5
Lé on ax s ) : suoL : 200 H 9 : 175
2A. On left barnz 253.3 faeet streanwrd fron ceater of
road cn axis s 540 : 370 : 25 ¢+ > 130
P 5 i #=Yi%i ’ . - ;
"3, O=n rizht bank 7LL feet strecmmard froa center of ' } ' .
road on axi sulis 4z
N L =Le : D : 275 ¢ 48 ¢ » 225
te. On riznt bank 717 feet streanward froa center of
. ~-Y -~
_ roed on exis T 5462 : 320 : 59 : 200
5« 0On rizht bank 305.7 feet streazward froa ceater of
road on axis 453 3% o
‘keis D ’ = ¢ 508 : 330 : 3o : 200
-~ o/
P > Vi
T At o i e 2 7
6. 0n left bawk, on axis 65 feet T 31° N (maz.) from ,
3.M., 375 feet streamward s 5470 : 300 : 17.5 ¢ > 230
& 5 . ~- :
7. ©On left banc, on axis 55 feet £ I1° X (mez.) fron i
e = . - E - A \
) B..‘.;, 5_,0‘ feet stree: ward ) : HuoH : 430 + 37 : 250
3. 0On lg-t bank, on axis, water'!s edze 25 fest I
- a7 ) . -~ Y X 5 \
31% ¥ (mac.) from B..., 330 feet streamwari T 5=uE : 200 s 27 : 175
9, On rizht bank, on axis 144, 7 feet downstreax
y 2 -\, 7Y, -
from 3.u.. (elav. 546U, T) : RugrTs 300 : 13 H 75
Axig EF
10, Left bank 550 fest U.E, of B.l,, 20 feet S.E.
of road on axis ¢ 5420 : 200 ¢ 4,5 100
11. Left banz, on axis, 195 fest from cender of line 13 SUEY : L0 : 5 : -
r . o B Y : o : o
12. Left bank, " “ , 50 " . v L T { [N Loe s 69 . oE)
13, Rirnt Dane, . o 3u3 000 * Trs oubtcrop : )
+ - R 4
. ) s ui‘eamwa, a : 51;{3 : 300 EM . 150
1%, Rizht bank, ® " |, 30 0 "o "
treammard ‘ Lz 2
1 q~i;~ i.’?,u ) S : 5422 : 200 R P ¢ 5 100
5. Right bank, on " , 120 up contour from Trs '
outcro : ' 1
crop ¢ 5510 ¢ 120 215 2 5 75

* See text
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Cross section along axisywith bedrock profile

Lower Zuni River Dam Site
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CD :
Cross section along axisywith bedrock profile |

Lower Zuni River Dam Site
12200
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Figure 36 '

EF

Cross section along axis,with bedrock profile

Lower Zuni River Dam Site
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Layers beneath centers of resistivity lines

Lower Zunj River Dom Site
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Figure 37 continued
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Little Colorado River

Greer Dam Site

The ten resistivity lines for this site are shows in -
- Figure 3&, from which the position, direction, extent and ther
maximm electrode separation of the lines may be determined.

The interpretations of the apparent resist;vity curves
~are summarized in Table 13. With the use of Fisure 32, Table 13;;
and Plate 23 of Mr. Piper's report, Fisure 39 was constructed - s
vhich shows a profile of the bed rock in a cross section along
the pronosed axis, Comparative estimates for toe and heel depths
of overburden will be found in Table 13 for positions at a dis-
tance of 150 feet from the aiis. ‘Line u, which waé centered on
the onnosite bank from the outerop spur near the first "o" in
.Colorado (Plate 28, Mr. Piper's Report) aboﬁt 270 feet upstream
from the axis, ie indicated on Firure 39 as a'pﬁssibie condition‘ '
thet may exist beneath the river bed alons the axis. Thﬁs. the =
Moenkopl formation either plunges valleyward and rises rapidly
to a point beneath Line 1, or has been eroded to a greatér depth
below the nresent stream bed.

Taken as a whole, the bed.rock nrofile‘is geherally .
flat nt thie site. The sreatest variation is indicated beneath il
Line 2 where the thickness of overburden may increase or de- "
crease. as rmich as several feet in placeg. Line 2B showing a
particulaf 1nst3nce. Unevehneés of a iesser decree is én'in-

dicsted condition beneath Line 1.

SE



The probable formationsbeweath'the traVerSes_hdve':

. been estimated from the cur#es,_and are showyn on Figure 40,






Table 13
Summary of interpretations of apparent resistivity curves

" Greer Dam Sité

Lyre Lo : R Yaximam. - s_ Estimated +10%
or , ey ‘ ¢ Zlevation 3 electrode  Depnth - :Thickness
Station Location Al oo wt o interval ¢ of of
; ' v feet feet fill 2 Yedrock
. o e .

feet feet

1.  Left bank, on axis, 52.Y4 feet from stream

.

_ toward B.M.(elev. 5LU5) : 5334 : 400 T 25 > 375
1A. 170 feet upstream from center of, and 15 feetl : , S e
‘ to Line 1, direction parallel : 539& s 200 + 24 s > 175
1B. 150 feet dovnstream from center of, and 50 Xy " F e Sd el
feet L to Line 1, direction parallel : 5326 : 200 : 23 s> 175
2e Left banizr, on axis, 251 feet from streem . :
toward B.M., on le t abutment : 5392 : %00 t 35 .3 > 35
ZA. 150 feet upsiream from center of, and on Line 2 : 5393 : 200 : 34 s . 150
B. 150 feet downstream from center of, and 25 feet i
to Lyne 2, direction parallel ¢ 532 : 200 RS s - 150
3 Left banl, on axis, 531 feet from stream toward
B.X. on left abutment s - 5395 : 350 g 16,5z - 325
34A. 150 feet upstrezm from center of, and on L,ne 3 : 5394 : 200 : 15 t 3y 175
3B. 150 feet downstream from center of, and on'lire 3 ¢ 5396 : 200 ¢ l2.% : - 175
4, Left bven:, water's edge 42 feet from outcrop
of Trm on right bank ¢ 5377 : 80 R~ : > 60

nn .
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Little Colorado River

Torks Dam Site

‘The resietivity lines for this site, five in numbef,.
are shovm in Firure U1 as to pesition, direction, extent, and .
maximum interval, =

A summary of the iﬁtérpretatibns of the anvarent re-
sistivity curves is given in Table 1U, Firure u2vis a cfosb
section that shows the bed rock pro?ile beneath the land sur—
face along the proposed axis and ﬁas prepnred»from.Fiqure'hl‘
and Table 1Y%,

No positive determination of depth of overbufdéﬁ Was'; ”
obtainable from Line 1 or a retake, which was made the follbwiné,"
day, using fresh betteries. The traverse was run over an éx?v A}
trerely unfavorable Qul terrace denqsii that was about 3Q’feet
above the river level, and countained numeroué pot hcle wéshes; '>
narrov ledges alongz the abutment vall, and was surfgced'ﬁith déep'V,
loose, dry sand., Also, as the line was very close to{tﬁelahﬁt-"w
ment wall, results ars probably altered somewhat ffbmrthe‘ﬁsuai ;
horizontal layer conditlons by which internretations-are made;’;
However, there is some indication that bedrock m?v be found at
a depth §f 30 to 40 feet beneath the center of Line 1, but it
~ probably is discontinuous horizontally 5oth ﬁpstregm énd,é&ﬁn—_

stream and continuous hed rock probably will be deeber{‘A

2



Line 3 shows an indtgated depth t§ bedrock about i feef
greater than Line U located 190 feet dowﬁstream;-and the former
may be a less reliable depth of f£ill deterninatién by comparison
with thc»denth from resistivity Line 2;

" Dr;y tests on the top of the abutment gave very hiéh:
values of resistance to the Coconino sandstone. Mo place éoﬁid .
be found at any of the three.downstream siteé mhere a sultable
wet test could be obtained on Ehe rock as the walls were so steep ,
and the alluvium alwars in contact with them so that vitlatea,re-
sults were obtained. However, the resistance of the.bgdrockbfrom“
the curves is very high, almost equnl to that of the ususl value'fo?:f
dry sandstone, so it se~ms quite probable the layering éncountéred
heré‘is: vet quicksand Qal; Qal'clny énd rveathered rock saturéted' '
with water containing more dissolved salts; and saﬁdstoné for all
of the lines. | |

Other evidence supporfin;_ihé interpreté@ion that no
shale is present beneath the streambed wiil be found in the re-

S ¥ : el :
port of the area by Harrell and Eckel . None of the well records

of tii~ rodars in the ne@r vicinity of the three downstream siteg 3
contain‘shale member in the Coconino sand stone, snd the thickness

is shown to have a minimum of Y50 feet in the recion..

1/ Harrell, llershall A. and Eckel, Edwin B.= Groundwater
resources of the Holbrook region, Arizona; :
Water Supply Paper 836~B, 1939, (Information
supplied by Mr. Eckel.) Fai et

1.13}



A formation test on the Coconino sendstone made
subsequent to this repor£ gave the f6l1owingiresuitS'fdr:the fH
10, 20, end 20 foot intervels: 78,3503 96,594; and'llé,liz bhﬁ.
cm, respectively, Tﬁis tesf %As madevat.the'Hdltfook‘Dam!SiféH'

on the top of the right sbutment near~the>axis.v

C4noh
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Table 14

Summary of interpretations’of apparent resistivity curves

Forks Dam Site

: Maximum : Estimated *10%
Line : + Electrode: Depth : Thickness
or ‘Location :Elevation : Interval : of fill : of bedrock
Station 3 feet £ feet feet feet ,
1 : Left bank, on axis, 30! from left " 2 s
abutment s BYTT 2 390 3 * :
1A :+ Left bank, on axis, 97.8' from left :
abutment : 5160 @ 180 ¢ K2 3 >100
2 : Left bank, on axis, 151.2!' from left 4
abutment : 5148 o ¢ U3 : >350
3 t Right bank, on axis, 187.2!' from left
abutment :  51ug 3000 ¢ - B1% 3 >250
4 : Right bank, 120' downstream from Line 3 : 5148 300 ¢ W s >250

* gee text
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Figure 42
Cross section along axis with bedrock profile

Forks Dam Site
I’= 100’



Little Colorado River

Woodruff Dam Site _

It was conveniently possible to locate but two of the
four resistivity lines on the pf0posed axis of this site} the
quicksand was rather treacherous and-a bend in the river.made
it necessary to move downstreém for the iong line No. 4, The
position, direction,vextent and maie i Anteryal of thgvlinés
is shown in Fisure U3,

The interpretations of the aprarent resi;tivity curve§
are sumrerized in Table 15. Ficure 44 shows the depth of over;i
burden above the bed rock alons the proposed axis,.and w#s pfe;
pared from Table 15 and Ficure Y3, The result from L_ﬁe Y is
iddicﬁfed as l;coted on the axis whefe thé travérse crosses,lﬁﬂus
tre dashed line. | 4 |

The curves indicate thét t?e‘surfmce cohtoﬁf of the
bedrock is quite uniform in depth both'up nﬁd'down”sfrenh,frbm.b
the axis; The present water coufse‘aléng the river bed is sdmeg
vhat changed from that wﬁen the mab wasnﬁéde;‘éﬁd'ig éketcheduin)
pencil on Figure 43, ‘ ‘. | .:

The layering at this ;iﬁé-ié interpfeted to bé thévsamé
as the Forks site upstreanm; wet quicksand Qﬁl,'Qal clay gnd |
weathered rock saturated witﬁ,mpre coﬁCentfat¢d éait-water; and.i'

sandstone,

hs.
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Table 15
Summary of interpretations of apparent resistivity curves

Toodruff Dem Site

Estimated £10%

Line ey : Maximum 3
or ‘ . ' t:Electrode : Depth Thickness
Station : Location : . tElevation : Interval : of fill: of bedrock
feet = feet feet feet
1 : Left bank, 525' upstream from B.M. = : : g :
_ (5109) 65' from left abutment LY A3 | : 200 ¢ 19 : >175
2 ¢ Left bank, on axis, 2U5' upstream from
B.M. (5109), high water's edge, 58 : : -
from abutment : 5105 : 170 : 20 ¢ - >1K0
: Left bank, water'!s edze, along axis ' :
L9t from Line 2 : : 5103 ¢ 350 s b s >200
y ¢ Right bank, 100! along axis from Line ’
2, thence 175' 4 downstream from axis 3 5104 boo s 46 + >250
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‘ Little Colorado River
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Figure 44
Cross section along oxis with bedrock profile
Woodruff Dam Site
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Little Colorado River

Holbrook Dam Site

Three resistivity lines were completed atithis site,
located, as shown in Ficure 45, with but‘one on the proposed axis;
A fourth was attempted with the center on the right bank of the
stream above the axis, but was abandoned as it was over 'quicksand'
that exuded water in ggfficient_quantity.to cﬁange_thevreadings 4
of subsequent intervals so that:gonsistent épparent‘reéistivity
values could not be obtained. The direction,bexteht. aqd haiimum
intervsl ofbthe lines are aiso shown on Fisure L5,

The interpretations of.the resistivity curves are
summarized in Table 16, A cross section along thé proposed aiisv{f
is given in Firure U6, ‘

The layering at this site is interpreted to be the
same as ;hat of the two sites immediately upstream. ,inbwet
Quicksgnd. Q1 wet clay, andnsandstone. i

Some debris,'possibly broken sandsténé, may be P?eé,'
sent beneath Line ? overlving the continuous béd roék'éﬁd .

extends tovward the right abutment.

7
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- Table 16

Summary of interpretations of apparent resistivity curves

Holbrook Dam Site

- : Maximum -_ Estimated 210%
Line ; tElectrode ': Depth : Thickness
or 2 Location ‘tElevation : Interval : of fill : of bedrock
Station : : feet + @ feet : feet : - feet
1 ¢ Right bank, 61! along axis from right T 3 - 3
abutment, thence 1U42!' W 14° X mag. : , : P
: dovmstream : :+ 5085 ¢ 170 74 . >100
2 ¢ Right bank, 210' from base of right SN ey '
abutment on Line E 30° N (mag.) from ' : 5y T
' B.K. (5201) : 5095 H 275 H 04 : >150
3 : Right bank, 82.5' from base of right :
abutment along exis s 5094 225 3 8 : >1%0
Yy : Right bank, 90! from line 3, 10! from ' :
$ abandoned

edge of stream on line E 32° S (mag.) : 5093
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Cross section along oxis with bed rock profile
Holbrook Dam Site
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