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GEOLOGY OF THE UPPER QIEISS DAM SITE

IHTRODUCTIG

The Upper Gneiss dam site is the original Bridge Canyon dam site
named by Larue (1) and is cne of the four dam sites in this vicinity under
investigation by the Bridge Canyon Project in northwestern Arizcona. A
concrete dam of about 690 feet above bedrock is contemplated, principally
for the development of power,

SUMMARY |

1. Geological conditions are favorable at the Upper Gneiss site
for the construction of a concrete dam. A dam of approximately 690 feet
will rest on good hard granite injection gneiss which is believed com~
petent to hold any size or type of dam where unaffected by structural
defects.,

2. One vertical fault and one horizontal shear plane need further
exploration before final conclusions can be i'eached as to the method of
treatment,

3. Sound rock is exposed over most of the area so stripping will
be confined to keyways and general shaping up.
| L. Percolation tests show the rock to be impermeable below the
depth of weathering. Bedrock was encountered at elevation 1152 in the

deepest channel.

(1)
Larue, E. C., U.8.C.S. Water Supply Paper 556 - Water
Power and Flood Control of Colorado River

below Green River, Btah, 1925.



5. Satlisfactory natural deposits from which to obtain con-
crete aggregate are not avallable within reasonable distance of the
dam site. It appears that the best possibility is to utilize the
Redwall limestone which is found an the south rim and process aggre-
gate by crﬁshing. It is believed a satisfactory product can be ob-
tained by this msthod,
LOCATICR

The Upper Cneiss dam site is located on the Colorado River one
half mile below Gnelss Cenycn and about 1 mile below Bridze Canyon in
lohave County, Arizona. The dam site 1s about 23 miles northwest of
Peach Springa, Arizona. This i1s the nearest town and railwsy Junction.
See Location Map.
ACCESSIEILITY

Transportation is a serious problem because of the inacessibility
of the dam site. At present there are 22 miles of unimproved road
from Peach Springs into Hindu Canyon and & 10 mdle pack trail from
Hindu Canyon down Bridge Canyon to the dam site. During the present
investigation, equipment and supplies were carrlied by boat from Plerce's
Ferry to the dam site. Tﬁe distance from Plerce's Ferry to the dam site
is 43 mlles and the trip can be ﬁade in four hougs when conditions are
ideal which is uh_en Lake Mead i3 at high stage. At times during high
spring floods and also during extremely low water trip by boat becomes
hazardous dnd at times impossible.
TOPOGRAPHY

The da.n site is located in the narrow Granite Gorge cut by the
Colorado river in the uplifted Kaibab Flateau of horizontal aedimentazj'
rocks., With the excepticgi of the flat shelf called the Tonto rim the
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sides of the canyon are impassable vertical cliffs many of which
are 500 feet in height. The Tonto rim was formed by the soft shale
weathering back leaving a narrow flat shelf of hard Tapeats sand-
stone. It is the only break in the cliffs and also the only con-
tinuous relief available, with slopes flat enough for shops, roads,
and buildings without prohibitive excavatiocn.

The river follows an irregular course inherited from an earlier
and mach higher topography and cuts across hard and soft layers aliks
with no regard for structure, The small side canyons within the imner
gorge are influenced more by the resistance of the rock. Nost of these
have developed along lines of weakness. Softer mica schists, fractured
gneiss, old shear zonses and fault planes have been attacked by erosion
more rapidly than the more massive rock and sharp reentrants are the
result. Spillway draw below the dam site 1s in softer mica and garnet
schists. The saddle at elevation 1800 on the right abutment is due to
erosion on the fracture zone along the fault shown on the Geology Map.
Other examples are evident near the site,

There is very little overburden on the abutments and that only in
thin patches. The rock is unusually sound on the surface without the
usual decomposition and alteration of the rock surface, Periodic
scouring of the bedrock beneath the river channal has left the bedrock
wfacei -sound and hard as will be noted in the drill logs.

REGIONAL HISTORY

The hisltory of the rocks is complex, especially that of the
Archean gneiss which has been subjected to much metamorphism. BErilefly,
the history at the site is believed to be as follows:

A series of sedimentary shales, sandstones, and limestones were
3



metamorphosed to various types of mica, garmet, hornblende, and
diopside schists. The limestones were changed to marble. These
schists were folded and then intruded by a pink biotite granite magma
along the schistose planes forming a granite injection gneiss. Some
zenollths of the schists were not completely assimilated, Later dynamic
stresses occurred which fractured the rock on definite planes. The
horizontsl slip nlane shown on the map and sections is of this origin.
Laler intrusions of diabase followsed theae fractures and partially
hezled them, During the Algonkian era this mass of Archean gneiss was
suvjected to ervsion and produced a relatively flat but irregular
erosion plane. During Cambrian times the sea came in over this old
erosion surface and deposited the Tapeats sandstone and later the shales
and limestones. Deposition continued intermittently until the Cenoszoic
tizme when the region was arched up forming the Kalbab Plateau and the
then existant Colorado river began cutting the Grand Canyon and the
Cranite Gorge.

ROCK FORMATIONS

ARCHEAN SYSTEM

BASAL CNEISS

The term 'basal gneiss' is gi§m the Archean gneiss and schists
below the Tapeats sandstone. At the Upper Cneiss site these rocks are
granite j.njection gneiss and a gories of schists. The granite inject-
don gnéfgé is fofxned by fluid granite wedging 1its vay elong the
schistose pfanes of the mica schists forming parallel bands of pink
colored biotite granite and bands of fine grained mica and other

ferro-magnesian minerals, The quality of this rock is excellent.



It is very hard, massive, resistant and impermeable and free from
fractures as shown by the percolation tests during drilling. The
schists ars hard sound rock but are more easily weathered than the gneiss..
Where unaffected by structural defects this rock represents the
maximun in crushing strength and is competent to hold any type or size of
structure possible to build. Two structural defects are known, the hor-
izontal fracture 2nd the vertical fzult or open {issure on the right
abutment, These will be discussed later.

COUTACT OF THS SANDSTONE AND QISISS

The contact between the Archean gneiss and the Tapeats sandstone is
well exposed and was examined in many places. The Geology mep shows
stadia elevations along the contact. The surface of the gnelss represents
the ancient land surface during Algonkian snd early Cambrian times. The
gnelss is weathered and altered from 3' to 15' in depth with the feldspars
partially weathered to clay and the guertz ie poorly consolidated in the
matriy of clay and iron oxide. |

In places where the clay covering is thin or absent the Tapeats
sandstone is well bonded to the gneiss below but ordinarily from two
inches to several feet of clay, now consclidated to dense red shale,
covers the weathered gneiss., This shale grades' into 2 coarse grained
ferruginous arkosic sandstone.

Ho channels of gravel were seen and it is my opinion, based on tests
on the Lower Cneiss site, that there will be no greater loss along the
contact than in the sandstone above.



CAMERIAN SYSTEM

The Tapeats sandstone of Cambrian age which overlies the gnelss
varies from 60 to 130 feet in thickness at the dam site.

The formation is all hard sound rock with some vertical Jointing.
The bedding planes average about two feet apart with some strong cross
bedding. The following is a section of the Tapeats sandstone measured
on the left abut.rnent where it breaks into Spillway draw:

Feet Bright Angel shale above
19 ' Very qoarse'gra';ined gritt& quartzose sandstone
1 Varicolored dense shale
9.5 Coarse to medium grained quartzose sandstone
0.5 Fine grained poorly cemented soft sandstone
12 White coarse grained quartose sandstone. Cross bedded.
1 Varicolored sandy shale
1, Hard white quartzose sandstone. Cross bedded with meny

vertical coantracticn joints.

5.5 Chocolate colored arikosic sandstone.

0.5 | Red sandy shale

L.5 Coarse grained, hard, well cemented, arkosic, ssndstone.
0.5 . Red sandy shale

15 Coarse grained, chocolate colored, cross bedded,

arkosic sandatone with thin streaks of white sandstene,
1 Fine grained soft red sandy shale.
6 Coarse grained, chocolate colored, well cemented

arkosic sandstone

3|

Cneiss below



BRICHT AMCEL SHALE

The EBright ingel shale overlies the Tapeats sandstone and is
composed of 650 feet of shale sandstone, dolomite and limestone. A
detailed section of the Bright Angel formation is as follows:

¥uav limestone above

1501 Atemating light green shale and gray limestone

100 Dark siliceous dolomite, hard and sound.

200 Alternating soft, green and red micacecus shale

and 1ight coarse grained, thin bedded, sandstone.
L0 Bright red, fine grained sandstone, fairly well ceaented,

145 Alternating coarse grained hard white sandstone and thin

beds of soft green micaceous shale., %the shale is easily
: weathered to soft clay.
15 Soft green micaceous shale, Very weak and easily weathered.

This member is the softest and weakest rock in the vicinity
and is unstable when saturated and under load.

850!
Tapeats below

The lower members of this formation weather to flat alopes and
event undercut the massive liﬁeswne above 8o that the limestone .breaks
off in blocks leaving a perpendicular face. The impervicus nature of
this shale makeé it acceptable to build a dam against but it is
questionable if it would be advisable to rest a heavy load on these
unstable members.
HJAV LIMSSTOME

The Muav limestone is the upper formation of the Tonto group of
Cambrain age and is mainly massive limestone beds separated by thin
beds of shale., The formation is about 1140 feet th.‘.nk, and forms the
basal p;rt. of the high nearly perpendicular cliffs seen on sach side of
the canyon above the Tonto rim, The limestone is hard, dense and chiefly
gray in color. It is not directly involved in the engineering features
of the dam,



MISSISSIPPIAN SYSTRY
REDSALL LIESSTCHE

Tho redwall limestone of Mississippian age overlies the Muav and
outerops as a massive vertical cliff of red color with occasionsl Yime-
stone caverns, | The red' color 1s due to weathered red clay from the
Supal formation above, which i3 carried down over the face of the cliff
by water snd stzins the rock. The color ia gray on frosh vnreathered
rock. 4 gensrsl section 6f the Redrall formation is:

Supail grbove
150  Groy limeptone with thin menbers of shele, anndstone

and some chert.
100 Fire grained denme pray limestons, PRreaks with a
concoldal fracture. :
250 Coargely cryatalline gray limestone. Pure and uniform.
100 Crystalline gray limestone with about 25% white chert.
Cavernous 2t the base.
&0 Yuav below
Consideration £s beinz given this formation ss the source of 2ll
aggresate for constructicn. For a more detailed discussion of cone~
struction materials see geology report of the Lower Cuelss Site. (1)
QUARTRENARY SYSTEM
TALUS ‘
A thin deposit of tslus, mainly angulsr boulders, is found on the
© left abutment but the quantity is so small it is insignificant. The
_overburdedi'in the river channel is chiefly silt and fine sand with sbm

largs boulders near the badmck. This matarial is permesble.

(1)
' Murdock, J. Keil, Ceologzy of the Lower Gneiss Dam Site, March 1943



STRUCTURAL GEOLOOY

The attitude of the sedimentary rocks is practically horizontal
with a dip of less than cne degree downstiream to the northwest, tThe
schistocity planes in the injection gnelss strike N. 159 E, and dip 75°
ﬁeat. or downstream at the axis, |
- FAULTING |

Some faulting and shearing has cccurred at the site and two
structural defects of this nature are readily apparent near the axis.

One 13 the fault or open fissure which is shown on the right
abutment. See map and photographs. Although the affected zone is only
6" wide it has a marked topographic expression which shows up as a cleft
in the hard gneiss. in exploratory drift is needed to coqﬁletely evaluaste
conditions along this fault but from surface exposures it seens serious
snough to require extsensive special treatment, perhaps removal of the
crushed material and backfilling with concrete. This area could be :
avolded by moving the axis upstream but the section is much wider here,
The fault can not be traced to the river and it evidently does not extend
beyond the point shown on the map, |

The age of this fault is belleved to be Pre-Cambrian and further
moverent is not anticipated. v |

“The J&econd defect 1s the horizontal slip or shear plane at about
' elevation 1300 which extends the full length of the right abutment and
may be presez;t on the left although it is not prominently expcsed on the
left abutment, This fracture is filled with a diabase sill domnstrean
1000 feet from the axis but the intrusive sill evidently 4s not continuous

as it is not present where the fracture is exposed near the axis. This
fracture is probably the re&ﬂ.t9o£ horigcatal thrusting during Pre-Casmbrisn



times when the forces which produced metamorphism were active. The
fracture 1s7shear plane along which thers has been some slight displacement
producing parallel fracturing. Here again a drift is needed to evaluate
conditicns beyond the effect of weathering but this fracture is be-

lieved not so serious but probably would require grouting.

JOINTING ,

Some prominent joints are present but of 1ittle importance. These
Joints were probably ancient shear pianes and are now a plane of shis-
tose material which weathers more rapidly than the gneiss and are
m@tially.am at depth. Percolaticn tests in the drill holes showed
no deep éont.raetion Joints and it 1s believed the rock ieg free from small
fractures which will allow sespage. | |
OTHER CONSIDERATIONS

There is a distinct advantage in the height of dam than ecan be
built at this site, & dam of 790 feet above bedrock could be built at
this site without going above the Tapeats sandstonme and overlapplng
ento the shale. Also the contact of the gnelss and sandstone is 250 feet
higher here than at the Lower Gnelss site. However, other consideration
such as the wider section and limitatSon on high water elevation are not

ao favorable,
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FRGIREERING PRATUNSS
EESERVOIR GEOLOGY

The reservalr will be in the imner gorgs ¢f the Colorado with
side ‘ualls similar to those at the dam site except that thevArchean
gnelas disappears beneath the channel upriver a.n& the Tonto group
forms the iuner gorge., Larze faults cross the Flateau but these have
no effect on the reservoir. The springs which develsp along ths isner
gorge indicats the water table is tributarg to the river and no loss
is expected Ifrom the reanrvoir. |
DIVERSICH TUSHELS |

Diversilon tunnels in both abutamcats will be in haxi sound grsn.*.te
injection gxieias with the ocutlet poatals in hard micz achist if the
tunnels extend that far dowst stresm. 2st map. This rock is of excellent
quality and should stand uns@pcrtec curing constrretion, The effect of
the fault ip the rizht sbutzent may reguire suprorts in the fractured ares
for a short distance,
STRIPPING

Sound rock is oporsed over zost of the swdsce beneath the river
chanpel. It will reguire only the necessary scaling and shaping wp for
‘keyways to encounter hard, sound rock suitable for bonding purposes.
EXPLOBA‘HGJ?HW:HAH
| ?cur{diamd drill holes were drilled glcng the U-50 iine to
deiarxine dspt;!; to rock and the charactsr of the dedrock.



All four holes showed tight hard granite injection gneiss of the
kighest quality. The percolation tests showed some loss near the
surtac; then becase iméfmcable at greater depths when tested ai 200
pomids per square inch pressure. Contraction Joints probably accounted
for the loss near the surface, |

Except for structursl defects (shear planes) already discussed it
appears the fgundétim or abutgents would take grout only in joints near
the surface. Ko test pits or drifts were dug at‘ this site. At the
present time it appears that this site has been elgiminated from further
investigation. s;ould investigation bs renewed at a future time, hor-
izontsl drifts cn the fault and the horizontal shear plane would furnish
inforsation most urgently needed to pﬁoperly evaluate conditions.
CONSTRUCTICH MATERIALS

The problem of construction materials is the same ag at the Lower
Gneiss site. There are no suitable natural agsregates available
within reasonable distance. It is believed that the Redwall limestone
will provide a quarry fron which-suit&ble crushed aggregate can be
processed, Samples includinz a carload of Redwall limestone have been
' snbndtiad to the Denver laboratory for testing purposes.



Frofile of Upper Gnelss sice from £000 feet upstream, Fault
or open fissure ig seen on the right shutamnt,



Penorsals view of right abutment, Upper Guelss site,






Peporamio view of Xeft abutment, Upper Gneiss site,



Right abutment Upper Gnelss site showing schistooity plenes end
tw prozinent joints, '



betail of tucnel outlet portal and view of Spiuwag' draw,
Jpper (nolse glte, Strata marked 3, ¥, in foreground i¢ -
& motamorphossd limestons in the mice schists showing pedw
izmoentary origin of the schists,



Upper Cnelss
gound on each side with
soft material which weathers

pen frasture at

Roek is

fault or o
of orushed, platy,

ght abutment,

Closs up of the

gite on ri
more readily,
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Closs up showng the banded
Light gtroaks are

structura in the grerite injeotior gnolss,

Right Abutment Upper Gnoiss slte,

coarss grained granite injected into fine grained blotite granite,
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Upper (nelss dem site on right side near axis, Shows fluting
ead polishing in the herd granite zelss, This iy a result of
river sction during flocd seezon,
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Core from Drill Hole # U«50 1ino Depth 72 - 172¢
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Core from Drill Hole #j U=50 line Depth 55 ~ 1291





