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Introduction 

This report contains descrintions of the geology of 

10 dam and reservoir sites on the Little Colorado River and 

several of its larger tributaries in northern Arizona. All of 

the streams examined are intermittent in character and are dry 

during the greater part of every year. At times they all carry 

heavy floods, particularly in the early sprin and late summer 

seasons. In addition to the periodic threat of derma-e to Hol—

brook, Joseph City and smaller corrninities, to the Santa Fe 

Railroga, and to other public and nrivate property, the flood 

waters annually carry enomous quantities of silt. Most of 

this material eventually reaches the main Colorado River where 

it tends to fill the reservoir above Boulder Dam and is also 

undesirable for other reasons. 

The principal purpose of any of the proposed dams 

whose sites are described herein is therefore for flood and 

silt control. Small irrigation projects mip:ht possibly be 

developed at some of them but they would be distinctly of 



secondary importance. Except for the Oak Springs site on Black 

Creek, none of the dam and reservoir sites is ideal from the 

standpoint of either a geologist or an engineer. Lost of them 

will require very long dams and several require large auxiliary 

structures to closo gaps in the reservoir walls. Aacept at Oak 

Springs and Tolchico all the dam sites are in soft shaly rocks 

that will necessitate broad base, flexible structures. All of 

the reservoir sites are broad and shallow and evaporation losses 

will therefore be high. This fact would spell failure for most 

irrigation or power projects but for the present purpose is not 

particularly disturbing except for the comparatively short life 

expectancy of the reservoir areas. 

The field work on which this report is beased was done 

at intervals from April throu,t September, 1939. Several of the 

sites were studied at the same ti-re by H. C. Spicer of the Geo—

logical Sur7ey, who used geophysical means to determine the 

thickness of alluvial valley fills and the shapes of the bedrock 

profiles. His results have not been incorporated herein. 

General Geology 

The following notes are intended to provide a back- 

ground of knowledge concerning the general geologic relations 

in that part of northern Arizona that includes the dam sites. 

More detailed descriptions of the local character of the forma, 

tions and of the geologic structures are given in the descriptions 
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of individual sites. 

The geology of this region is described by Gregory, 

Darton, Harrell and Eckel, and by other writers whose works are 

referred to in their reports. The general distribution of the 

formations is shorn on the geologic map of Arizona, published in 

1925 by the Arizona Bureau of mines, and on mars in the reports 

cited. 

The rock units that occar rithin the area under dia.. 

aussion are shown in the following table: 

1/ 	Gregory, H. 3., Geol or of the Navajo Country, U. S. Geol. 
Survey, Prof. Paper 93, 1917. • 

Darton, N. H., A resume of Arizona Geology, Arizona 
University, College of urines and Engineering, Bull. 
119, 1925. 

Harrell, M. H., and Eckel, E. B., Ground-rater resources 
of the Holbrook region, Arizona, U. S. Geol. Survey Water 
Supply Paper g36-B, 1939. 
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Generalized section of the geologic formations of the Holbrook region, Arizona 

Thickness 
System 	Formation in region 	 Physical character 	 Engineeringfeatures 

(feet)  
Quater- 

nary 	2  Alluvium 
	

0-150 	t Silt, clay, and sand along streams; sand dunes; 
	• 	Weak, easily eroded, and relatively permeable but will support broad 

Tertiary 
	

thin deposits of unconsolidated sand, gravel, 
	

base structures. Should be penetrated by impermeable membranes be- 
: clay and limestone on benches and ridges. 	 neath dams. Principal source of material for earth dams. 

2 	Lava 	: 	 2 Basaltic lava rock as plugs, dikes, tills and 	: Strong and durable but commonly strongly fractured, hence permeable. 
flows 	 Excellent source of riprap. 

1 	 : 	 : 	 2  

1 	Chinle 	: 400••700 	: Variegated shales, with thin semt-consolidated 	: Soft, weak, and easily eroded. but vill support broad base structures. 
formation 	 sandstones and impure limestones; much vol- 	 Weathered shale should be removed from beneath dams. 

: 	 : 	 : canic ash locally. 	 : 

Triassic 
Shinarump 	20-60 	Coarse sandstone and conglomerate, commonly 	 Highly permeable in most places, Good source for clean sharp sand 

: Con- 	 semi-consolidated. 	 : and for gravel. 
glomerate 

1 

Moenkopi 2 200-400 : Sandy shales and ohaly sandstones, with ouch 
	

Like Chinle but somewhat stronger and more durable in general. 
formation 	 gypsum and a little limestone in places. 

1 Kaibab • , 	0-250 	: Massive, thick bedded, cherty limestone, with 
limestone 	 ma:{; sandy and dolomitic beds. 
: 	 : 	 : 

: Strong and durable but brittle, hence marked by many fractures, some 
of which are apt to be open. Cod source for quarried or crushed rock. 

Permian 2 Coconino 2 450-865_1 Massive fine-grained, white to buff, cross- 	 Strong and durable but brittle like Kaibab. Permeable to groundwater but 
sandstone 	 bedded sandstone. 	 in general should form good dam foundations. 

Supai 	2 	nap+. 	: Red sandstone, shale, mudstone and siltstone 
	: See description of Oak Springs gte for character there. 

formation 	 with a little impure limestone. 



In general the sedimentary rocks dip toward the north 

at very low angles. Minor structures occur in a few places and 

result in reversals of the regional dip or in local exposures 

of older rocks that are elsewhere covered by younger beds. There 

are no known faults near any of the sites. 

The only structural feature of any importance to the 

engineer is the fracture system. Throughout almost the entire 

region the rocks a-e broken along 2 sets of fractures, or joints. 

One of these, the stronger in most places, trends northwest. The 

other trends northeast. The fractures are tight and scarcely 

noticeable in soft rocks like the Chinle and Moenkoni formations. 

They are very strongly developed in the brittle rocks like the 

Coconino sandstone and Kaibab limestone, however. The courses 

of nearly all the streams in the region are controlled almost 

entirely by these fracture systems. In most places the fractures 

are relatively tight in unweatered rock and offer no cause for 

serious concern. On the Holbrook dome and farther south, how-

ever, many of them are continuous and oven to great depths. One 

irrigation project has failed in its purpose because of loss 

of reservoir water through these openings. This is the Lone Pine 

reservoir, near Show Low. 

Fortunately the Kaibab and Coconino formations occur 

at the surface at only two of the sites described here. At the 

Oak Springs site on Black Creek there are relatively open 
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Figure 10 

To!chic° site on Little Colorado River, !ooking downstream.  



fractures in the sandstone that forms the abutments but local 

structural conditions are such that ressible loss of water does 

not appear to be serious. Fractures aro well developed at the 

Tolchico site but, as is pointed out below, much further explora-

tion is necessary in order to determine whether any of them are open 

to considerable depths. 

Little Colorado River 

Tolchico Site 

Introduction. -• The Tolchico dam site is situated in 

T. 24 N. , R. 11 E., on the Little Colorado River, 3 miles west 

of the abandoned settlement of Tolchico and 11 miles west of the 

Leupp trading post. It is in a steep-celled canyon that is about 

11 miles long, 400 to 500 feet wide, and 50 to 100 feet den. 

With the aid of loy; but comparatively long dikes in 2 gaps north 

of the canyon a 30 to 100 foot dam could be built that would back 

water over a large basin between the site and Leupp. The dam 

would serve to control floods on the Little Colorado and the wide, 

flat reservoir would provide an excellent desilting basin. In 

addition, it is probable that stored rater could be used for ir-

rigation of large Indian-inhabited areas below the dam. 

Geology. - 

Rocks. - With the excention of 2 small bodies of 

Quaternary lava that have no direct bearing on the availability 
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ri gure I 

Little Colorado Rtver near Tolchtco site, looking northwest 



of the site, the rocks near Tolchico are all nearly horizontal 

sediments. The general character and distribution of the forma-

tions, which range from the Coconino sandstone throuji the Chinle 

formation, are decribed in the general part of this report. The 

local character of the rocks is described below and their dis-

tribution near the site is shorn on figures la and lb. 

Coconino sandstone. - The Coconino sandstone certainly 

underlies the dam and reservoir site but as it is net exposed at 

the surface am', as the thickness of the overlying Kaibab limestone 

is not known the position of its top is not known. It is at least 

L50 feet thick in this area, and as elsewhere is a massive, moder-

ately hard, cross-bedded sandstone. Composed in large part of 

fine- to medium-sized rounded grains of quartz, with a little limy 

cement, it is permeable to ground water. It is brittle and most 

fractures in it are open. 

Kaibab limestone. - As shorn in figures lb, 11 and 12 

the Kaibab limestone forms the canyon walls at the dam site. 

Several small masses of limestone are also exposed within the 

reservoir area. The thickrless of the formation is not known. 

Records of wells near Loupp indicate that the Kaibab there ranges 

from 29 to nearly 200 feet. 	A little more than 100 feet of 

limestone is exposed in the canyon at the site, but whether the 

canyon floor is cut in limestone or in Coconino sandstone can be 

determined only by drilling. 

1/ Harrell, M.A., and Exkel, 2.1, Groundwater resources of the 
Holbrook region, Arizona, 'U.S. Geol. Survey Water Supply 
Paper 836-B, wells 1,2,3, 393, 394, pp. 75,80, and 91, 1939 
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The formation is made up of white to light gray or cream 

massive beds of limestone in beds 1 to 20 feet thick. The top 5 to 

10 feet of beds are commonly yellow or pink. Much of the limestone 

is sandy and some of it closely resembles the Coconino sandstone. 

Some of the beds are of comparatively pure limestone, however. All 

of them, whether sandy or not, are very dense. 

In its unweathered condition the formation is massive and 

bedding planes are tight. Fractures are likely to be open even in 

fresh rock. The Kaibab forms many steepwalled canyons in this part 

of Arizona. Incipient fractures are opened and small caves are 

formed along canyon walls. Near Tolchico the sandy beds are more 

deeply etched by erosion than the limy ones. This indicates that 

most of the erosion is carried on by mechanical rather than 

chemical means. 

Moenkopi formation. - The Moenkopi formation, which 

overlies the Kaibab limestone, has been eroded in the vicinity of 

the dam site, but it forms much of the reservoir floor and is also 

extensively exposed north of the site, in and near "Gap 1". Local 

variations in dip of the beds prevents accurate determination of its 

thickness but the formation is probably between 50 and 100 feet 

thick in this area. The lower part of the formation is made up of 

dull red to chocolate brown, micaceous, shaky sandstone and sand,y 

shale. Thin lenses of gypsum and conglomerate occur in places. 

The uppermost few feet are variagated soft shale, indistinguish, 

able from the younger Chinle beds. 



Figure 12 

To1chico site,right obutment, looking northeast 



Excert for the sandstone beds, which are thickest and mast 

numerous toward the base, the formation As easily eroded by running 

water. The shales are virtually impermeable and even the sandstone 

layers rarely yield rater to wells. 

Shinarump conglomerate. - The Shinarump conglomerate 

crops out in a narrow band on the ride 3 miles north of the Tolchico 

site and is also exposed in a chain of small knobs and hills that 

cross the northeastern part of the reservoir area. The formation 

ranges from 20 to 60 feet thick and is comnosed in most plr,ces of 

coarse-grained, loosely cemented sandstone, light gray to red in 

color. Lenses of conglomerate are characteristic. Most of the 

pebbles are composed of chert or quartzite and range from less 

than 	inch to 4 inches in diameter but a few are a foot or more 

in size. Fragments of petrified wood are locally abundant. The 

pebbles from this formation tend to spread cut on surfaces of the 

underlying Moenkopi and thus give  an erroneous imnression as to 

the distribution and thickness of the Shinarump. The roc'-s are 

very permeable in most places. 

Chinle formation.-  The Chinle formation is widely 

distributed north and east of the site and forms bedrock beneath 

"Gap 2" and alon:- the en'ire northeastern side of the reservoir. 

It is composed in large part of soft varicolored shale but 

locally it contains some t:-:in sandstones and conglomerates. The 

most prominent conglomeratic horizon is exposed along the top of 

the ridge between the saddles of "Gap ". A few large netrified 
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logs are exposed just east of "Gap 2". Altered volcanic ash, or 

bentenite, is widely distributed, but nowhere abundant. The forma-

tion is readily eroded by running water but it is impermeable to 

ground water and seldom yields water to wells. 

Recent lava. - A. basaltic lava flow that spread north,-

ward from one of the volcanic centers near Flagstaff after the 

present topography was well defined, approached but did not reach, 

the Little Colorado River. One lobe of this flow ends about 1 mile 

southwest of old Tolchico; another partly fills the end of a 

side canyon 11: miles southeast of the dam site. Only the first-

mentioned lobe ocurs within the area shown en fi?ure la. The 

lava has no direct bearing on the dam site. 

Alluvium. - The bed of the Little Colorado River is 

filled with fine sand and silt. The depth of the material has 

been investigated by geophysical means by H. C. Spicer. From 

river level to t'-le floor of the rock channel this material is 

saturated with water and much of it has quicksand characteristics 

at times. Great blocks of limestone have dropped from the canyTa 

walls in placer- Some of these are exposed but probably many 

others are concealed by sand. Larp.e sand dunes have beon built 

up along the left abutment. 

nost of the knolls and hills are barren of soil or 

alluvial material but flat areas, especially those on the north 

side of the river, are covered by variable thicknesses of alluvium. 

This consists largely of clay and silt, with a little sand and 

gravel. Shifting sand dunes characterize parts of the reservoir 

area. 	 10 



Structure. - The rocks dip in general toward the northeast 

at an(Tles of 3 degrees or less. At the dam site itself the lime-

stone has Leon raised up in a small asymetric dome, which pitches 

northeast. Even within the dome the dips are very low. Several 

smaller domes account for other Kaibab exposures in the reservoir 

area. No faults are present near the site. 

The most important structural features are factures in 

the limestone. These are all nearly vertical and all fall into 

sets, which trend N. 60°  - 70°  W. and N. 300  - 42°  E. Most of the 

fractures, which range from a few inches to 10 feet apart, are weak 

and tight. Strong fractures are 30 to several hundredz of feet 

apart. The northeasterly trendin fractures are disconti!Tuous, 

both vertically and horizontally and most of them end abruptly 

against bedding planes or against the stronger northwesterly trend-

inF7 fractures. Uembers of the letter set can be traced for several 

hundred feat horizontally and most of them traverse the entire ex- 

posed thickness of the limestone. The photographs reveal the rela- 

tive strengths of the 2 sets of fractures and of their effect on 

erosion of the recl,:s. It is clear that at the dam site the river 

follows the northwesterly sot, which are probably more stroni-ly 

developed here than elsewhere. 

The unclerlyin,F7 Coconino sandstone is doubtless broken 

by fractures similar to those in the limestone but whether any of 

the fractures in eit)eer rock type are open more than 10 to 20 feet 

beneath the surface is not known. Since similar fractures are 
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known to be open to great depths in other parts of the Holbrook 

region the possibility that they arcs open here must be recognized. 

Engineering Geology 

Dam site. — So far as t)-e strength and durability of the 

foundations and abutments are concerned, a gravity or earth dam of 

the proposed height could be built anywhere within the Tolchico 

canyon. The section however is not well adarted to an earth dam 

because of the nearly vortical walls. An arch dam would appear 

inadvisable because of the presence of strong fractures parallel 

to the canyon walls. The slightest seismic disturbances or even 

the pressure of stored water against the arch©s might set up 

slight but destructive movements in the abutments. 

The fractures in the limestone and underlying sandstone 

constitute the chief cause for concern. If any of these are open, 

they would nrovide easy channels for leakaze beneath the dam and 

through its abutments. There would be a slight tendency toward 

enlargement of these channelways by solution of the limestone but 

the enlargement during any reasonably expectable life of the dam 

will probably be extremely small. If the dam is to be used for 

control of silt and flood waters only, the possibl3 presence of 

open fractures offers no serious problems. Those fractures in 

the immediate abutments should of course. be  sealed by grouting 

to increase the strength of the rocks. If it is Proposed to con-

serve water for irrigation uses, losses of water through the 
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abutments or into the foundation rocks might easily be so large as 

to endanger the success of the project. For this reason, a fairly 

extensive program of drilling should be undertaken to determine 

the character of the fractures. The exposures of Kaihab limestone 

in the reservoir area are also potential leakage areas but as they 

are comparatively small the possiblity of notable water losses is 

not particularly disturbing. 

As shown in the photograph!, the canyon walls are slabby. 

All loose slabs should of course be removed before the dam is built. 

This will necessitate removal of 5 to 25 feet of rock in most places. 

Regardless of the type of dam that is selected, it should penetrate 

the dune sand and river alluvium with its included limestone blocks 

and be securely tied into bedrock. 

Auxiliary dikes. — Unless the main dam is very low, it 

will be necessary to construct auxiliary dikes in Gaps 1 and 2 north 

of the river. Since both dikes will be comparatively low and long, 

they rill ?rem/nab:1.y be built of earth. Gap 1 is cut in Moenkopi 

sandstone and shale. Both types of rock are essentially impervious 

and no preparation of the site other than removal of the thin cover 

of sandy alluvium should be necessary. Gap 2 is underlain by the 

lower part of the Chinle formation. Most of the beds are shale 

that is. even more impervious than the Moenkopi rocks in Gap 1. 

The higher parts of the ridge in the central part of Gap 2 contain 

conglomeratic material. This is relatively porous, but as the 

reservoir rater would rest against it for only short, infrequent 
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periods, no danger of serious leakage is indicated. It will doubtless 

be found necessary to excavate 2 to S feet of alluvium and weathered 

shale along the axis of the dike in order to rest the structure on 

firm material. 

Spillway. - An overflow spillway at the main site seems to 

be the most feasible since the limestone in the canyon walls and floor 

is resistant to erosion by running water. Either of the gaps could 

be used as emergency spillways btlt the shales beneath them are easily 

eroded. For this reason, it will be necessary to line any spillway 

structure that is exlected to see constant or repeated use. 

Construction materials. - The Kaibab limestone would 

form excellent material for concrete aggregate or for rip rap. L:ost 

of the sand near the site is too fine and contains too much silt 

to be of use for concrete but it is likely that good, coarse sharp 

sand can be recovered from outcrops of the Shinarump conglomerate. 

There is a great abundance of material suitable for earth-fill con-

struction. 

Further exploration. - Aside from a few test pits to 

determine the depth of weathering in the gaps north of the dam, the 

041y further exploration that seems to be necessary is determination 

of the character of the fractures in the abutments and foundations 

of the main dam. Since nearly all of the fractures are vertical, 

inclined or forizontal holes will be necessary. Figure lb shows a 

suggested plan of drilling. The thoroughness of the drilling program 
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will depend in large part on the objectives of the project - whether 

it is to be used for flood control or for irrigation. 

Cottonwood Wash 

Four dam sites have been studied on Cottonwood Wash, one 

of the larger tributaries to the Little Colorado River. This wash 

drains a large part of the Navajo Reservatioh and carries great 

quantities of silt during flood seasons. Two sites, Blackrock 

Mountain and Castle Mountain, in sec. 21, T. 21 N., R. 19 E., and 

secs. 22 and 23, T. 21 N., R. 20 E., have been garveyed. The other 

two, in T. 22 N., R. 21 E.•  and in T. 22 N., R. 22 E., respectively, 

have not been mapped but cursory inspection indicates that they 

present good sections for dams and large reservoir capacities. 

All four of the sites will require long, comparatively low, earth 

dams. Soft shale is the predominant foundation rock in all of them, 

a fact which will necessitate the construction of broad base flex-

ible structures. Thera is abundant sandy and clayey silt near 

each of the sites which should form good material for earth des. 

The Blackrock and Castle Mountain sites are somewhat com-

plicated by the presence of volcanic rocks and of landslide masses, 

but there is little actual choice between the four sites so far as 

the geology is concerned. Instead, the choice should rest on 

further engineering studios with particular attention to compara-

tive costs, available storage capacity and drainage area affected 

by the projects. 
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Blackrock Mountain Site 

The Blackrock Mountain site lies principally within 

sec. 11, T. 21 N., R. 19 E. Because of the presence of low gaps on 

each side of the main channel, any dam more than 20 feet hi,E;h would 

require two auxiliary dams; figure 2. Furthermore, it will be 

necessary to build the dam at least 40 feet high to obtain adequate 

storage capacity in the reservoir. The aggregate length of the 3 

structures would range from about 2,700 feet for a 40-foot darn to 

more than 6,000 feet for one 130 feet high. 

General Geplogy 

General statement. - Bedrock consists in the main of 

horizontally tedded Chinle shale, overlain in the main stream 

channel and in the northwesterly sad'91a by silty allu7ium. The 

3 hills in the central part of the valley are carped by thin 

layers of basaltic lava with hi,7hly irregular surfaces. One 

narrow dike of lava is exposed and others may be present. The 

higher parts of two of the hills are covered by denosits of 

soft limestone, unconsolidated sand and gravel. There are several 

small landslide masses. 

Chinle shale. - The Chinle beds exposed near the dam 

site are 	red to pink in color and are made up almost ex-

clusively of soft shale. Sandy beds are present, but they are 

few and thin. The beds are essentially horizontal. 10 faults 



are observable and it is probable that none are present but be-

cause of the lack of distinctive marker beds, faults with small 

displacements could be easily overlooked. 

Shale is exposed in both of the main abutments and in 

the small hills in the central part of the valley (see fi7ures 

2, lib, and 13). Similar shale certainly underlies Cottonwood 

Wash and the saddle northwest of the stream. Where exposed at 

the surface the shale is weathered and extremely soft. This 

weathered zone is probably not more than 15 feet thick at any 

place and is doubtless very thin beneath the valley floor. 

Basaltic lava. - The shale in the 3 hills in the 

central part of the valley is capped by thin layers of dark green, 

dense, basaltic lava. The rock is rather stronly altered every-

where and is much fractured. The layers range from 2 to 10 feet 

in thickness and have highly irregular surfaces, as shorn in the 

illustrations (fir7ures 2 and 13). One narrow dike of similar 

rock is exposed near the road on the left, or southeast, abut-

ment. Other dikes or plugs may possibly exist beneath the lava-

capped hills. Blackrock Mountain itself is carved from a lame 

volcanic plug and the mountain northwest of the site is covered 

by a thick lava flow. 

The thin layers of lava mentioned above were certainly 

formed as surface flows rather than as intrusive sheets. They 

rest on Chinle shale and two of them are capped by unconsolidated 
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sediments that have been classed as "Tertiary sand" in other parts 

of northern Arizona. They are certainly younger than the lava. 

The irregularity of the lava surface is somewha; puzzling. It 

cannot be due to folding or faulting, for the underlying beds 

of shale are horizontal and continuous. Except for the 3 small 

bodies shown on fire 2 there are no landslide masses. The only 

plausible explanation seems to be that the lava flowed out over 

an irregular erosion surface, of which the present lava-capped 

hills are remnants. The lava may possibly have been fluid enough 

to flow freely, yet viscous enough to transmit pressures that 

pushed it over obstructions without notable thickening in the 

intervening depressions. It is also possible that the flows were 

originally thick in depressions but thin on ridges. After crusts 

had formed on the flows, still-molten lava in the depressions 

found local exits, allowing the crusts to subside. 

Study of figure 2 will show that there must have bean 

several centers of eruption. Three possible centers are known - 

tho dike on the left abutment, the plug in Blackrock Mountain, 

and the flow on the mountain to the north - and other smaller 

centers may well exist beneath the lava caps. 

Landslide masses. - Three small landslide masses that 

have formed rather recently are Shown on the geologic map (figure 2). 

They were formed by oversteepening of the hill slopes, which al- 

lowed blocks of shale capped by lava to slump. No great importance 

can be attached to them. 
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Tertiary deposits. - Two of the hills in the center of 

the valley are capped by unconsolidated Tertiary deposits. 41 1 to 

3-foot layer of soft, light-colored, impure nodular limestone occurs 

at the base, immediately above the lava flow described above. The 

limestone is iverlain by loose sand that contains much gravel. Lost 

of the pebbles are of chert or of limestone derived from the basal 

bed. 

Alluvium. - The lower parts of the dam site and most of 

the reservoir basin are covered by alluvium. It is made up largely 

of silt but contains much clay and some sand. The thickness ofthe 

alluvial deposits is not known. They may be relatively thick along 
no 

Cottonwood Wash but are believed to be very thin - probably/more 

than 10 feet at most - in the saddle northwest of the stream. 

Lngineering Geoloiff 

The Ohinle shale which underlies nearly the whole of 

this site is similar to that exposed over large areas in northern 

Arizona and at several other dam sites described in this report. 

The weathered shale is untrustworthy and should be removed from 

beneath the dam. The fresh shale, though weak, is believed to be 

sufficiently strong to support a broad base flexible dam. It 

would be impermeable to water. 

The altered and fractured lava that caps the hills in 

the central part of the valley should be removed along the im-

permeable part of the dam, since it would transmit water freely 
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and would furthermore prevent equal distribution of the load on the 

shale foundations. If any dikes are discovered during the removal 

of this material, they should be grouted. 

The Tertiary sediments that overlie the lava and the 

landslide masses on the hill slopes should be avoided or removed 

from beneath the dam. The silty alluvium in the lower parts of 

the site will probably support a dam but the impermeable part of 

the structure should penetrate it and tie into fresh shale. 

Either of the saddles near the abutments could be used 

as spillrays. Both are underlain: by shale which should be pro- 

tected from erosion by running vrater even thoupt the spillway is 

to be used only occasionally. 

The following studies are believed to be necessary: 

1. Chock depth to bedrock across the stream channel 

and the rig'nthand saddle by drilling or test-pitting, possibly 

supplemented by geophysical surveys. 

2. Determine thickness and character of weathered 

zone in abutments and on hills in central part of site by drilliqg 

or test pitting. 

3. Determine bearing power and permeability of shale 

and of alluvium by field and laboratory- tests. 
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Figure 14 

Castle Mountain site on Cottonwood Wash;panoramic view looking upstream. 



Castle Mountain Site 

The Castle Mountain site on Cottonwood Wash in secs. 22 

and 23, T. 21 N., R. 20 E. The reservoir area has not been sur-

veyed but it is evident from ,field inspection that its capacity 

would be very large for any dam 140 or more feet in height. De-

pending on its height the proposed dam would range from 4,00e to 

more than 5,000 feet in length. Unless the gap north of the main 

dam (figure 3) wertiused as a spillway, an auxiliary dike from 250 

to 750 feet would be necessary. 

General Geology 

General' statement. - Bedrock consists of nearly 

jorizontal beds of Chinle shale that have been intruded by plugs, 

dikes and sills of basaltic lava. The valley bottom is filled 

with silty alluvium. The only other geologic feature of interest 

is a moderate-sized landslide mass on the slope of Castle Mountain. 

Chinle shale. - The Chinle beds exnosod at the surface 

consist of red and greenish-gra:r soft shale in large part. Many 

of the beds contain some bentonite, a clay mineral that swells 

when wet. Several 5 to 20 foot beds of light-colored semi- con-

solidated sandstone are inter-bedded with the shales. One of 

these contains many small peWes in places. Shale and sandstone 

are not separated on the map (figure 3), but they can be dis-

tinguished in figure 16. Thin lenses and layers of ahal7 



limestone and of sandy shale occur in places and small concretions 

of ferruginous lime carbonate are widely distributed. A 6 to 12-

inch layer that consists of cauliflower-like concretions of brown, 

impure aragonite is exposed at altitude 5,270, 750 feet south of 

BM 5263. It is apparently continuous for only a few hundred feet. 

Good exposures about mile north of the left abutment, where the 

beds dip south, show that the rocks beneath the alluvium in the 

valley floor are similar to those described above. The shale in 

the upper parts of both abutments is weathered and very soft to 

depths of 10 to 20 feet below the surface. Zlsewhere it is 

relatively fresh. 

The Chinle beds dip in 7eneral toward the southwest at 

a low anf.e. A minor syscline, anparently due to s1iht settle-

ment that followed the intrusion of the Castle Mountain plug is 

present on the left abutment and can be seen in figure 16. 

Basalt. - Castle Mountain and the sharp pointed hill 

on the r 	(west) abutment hay.- been carted from volcanic necks 

or plugs of basaltic lava. The basalt is dense in most places, 

narticularly near the central parts of the plugs. Elsewhere it 

is vesicular or scoriaceous. Both of the plugs contain numerous 

fragments and blocks of shale and sandstone that were torn from 

the walls and carried upward during intrusion. Several smaller 

plugs, dikes, and sills of basalt are exposed in the vicinity of 

the western plug. All of them are doubtless connected with the 
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limestone and of sandy shale occur in places and small concretions 

of ferruginous lime carbonate are widely distrilmted. A 6 to 12-

inch layer that consists of cauliflower-like concretions of brown, 

impure aragonite 10 exposed at altitude 5,270, 750 feet south of 

BM 5263. It is apparently continuous for only a few hundred feet. 

Good exposures aboUt 1 mile north of the left abutment, where the 

beds dip south, show that the rocks beneath the alluvium in the 

valley floor are similar to those described above. The shale in 

the upper parts of both abutments is weathered and very soft to 

depths of 10 to 20 feet below the surface. Elsewhere it is 

relatively fresh. 

The Chinle beds dip in ,7eneral toward the southwest at 

a low anf.e. A minor syscline, anparently due to slight settle-

ment that followed the intrusion of the Castle Mountain plug is 

present on the left abutment and can be seen in figure 16. 

Basalt. - Castle Mountain and the sharp pointed hill 

on the ri.7;lt (west) abutment have been carved from volcanic necks 

or plugs of basaltic lava. The basalt is dense in most places, 

Particularly near the central parts of the plugs. Elsewhere it 

is vesicular or scoriaceous. Both of the plugs contain numerous 

fragments and blocks of shale and sandstone that were torn from 

the walls and carried upward during intrusion. Several smaller 

plugs, dikes, and sills of basalt are exposed in the vicinity of 

the western plug. All of them are doubtless connected with the 
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Figure 15 

Castle Mountain site, looking west toward right abutment, 



main plug in depth. The basalt is stronly fractured in most places. 

Lan3s1ide. 	landslide mass of moderate size exists on 

the west slope of Castle Mountain. It has little direct bearing 

on the suitability of the site but it provides an example of one 

of the methods by which the Chinle shale erodes. 77ithin the land-

slide area the shale dips at angles as high as 40 degrees to the 

east, or toward Castle ..:auntain. Instead of the smooth erosion 

surface that slopes gently away from the volcanic plug in other 

places, the surface of this mass is uneven and hummocky. It is 

evidently underlain by a somewhat jumbled mass of small landslide 

blocks. The shape of the slide mass is known only in general but 

its base is probably concave upward. 

Apparently Castle Mountain acts as a focus for local 

storns. Water falling on or near the top of the peak has entered 

the ground along the steep contact between shale and basalt, 

saturated the shale and finally casued it to slide. This belief 

is based on the follo-fin.r, observatIcns. Recent gullis in the 

coarse talus on the so'Ithwest side of the peak are mar179c by 

levees 3 to 4 feet high made up of angular blocks of basalt 6 to 

10 inches in diameter. These levees indicate strong flows of 

water, although the drainage ar,,a is very small. The landslide 

is on the south-70st side of the peak, facing the direction of 

prevailing storms. Erosion on this side of the peak is much more 

advanced than elsewhere. 

Alluvium. - The alluvial fill in the floor of the valley 

is composed of silt and fine sand with a few layers of coarser sand 
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and a little gravel. Most of it contains enou,,;h clay to give it 

an adobe-like consistency when wet. Figure 16 shows its general 

character. The fill is doubtless very thin near the abutment and 

probably reaches its maximum thickness near the center of the 

valley. The shape of the bedrock profile has been investigated 

by Mr. Spicer. 

The tops of both abutments are actually old erosion 

surfaces that slope downward from the two main volcanic necks. 

These surfaces, which can be easily reconstructed from study of 

the topographic map and the photographs (figures 15,16), are 

covered by a layer of loose sand, gravel, and fragments of 

basalt. Cn the mesa at altitude 5,330 on the right abutment 

this material 	5 to 20 feet thick but elsewhere it is less 

than 5 feet thick. 

En,7inearing Geology 

Despite the presence of sandy and limy layers as 

described above, the Chinle beds can all be characterized as 

weak and soft, with moderately low resistance to erosion by 

running- water. Most of the beds will become plastic when 

saturated. The presence of bentonite would add to the plas-

ticity of the foundations but I believe its net effect should 

be beneficial. That is, the bentonitic material on and near 

exposed surfaces would swell when wet, thus forming a watertight 
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Figure 16 

Castle Mountain site,left abutment looking east near right abutment. 



layer that would prevent or hinder further saturation of the rock 

mass. 

With the exception of the weathered shale in the upper 

parts of the abutments, which should be removed, it is believed 

that the shale is strong enoui7h to supnort a dam of the proposed 

size. An earth darn or other equally flexible structure is in-

dicated and it will be necessary to provide a broad base so as 

to distribute the load as much as possible. Saturation by 

reservoir water will probably cause renewed movement of the lower 

part of the landslide mass but as no part of the dam will rest 

on the slide, this should have no ill effect on the structure. 

Tests should be made of the valley fill to determine 

its suitability for foundations or construction material. I 

believe it will prove satisfactory for these purposes but that 

an impervious core, set in bedrock, will be found necessary. 

The fractures in the basaltic lava will render bodies 

of this rock permeable to water. Since only ver7 small areas 

of lava rill be exposed to reservoir water, siffce the leaks 

would not increase with time and since the project is desiemed 

for flood and silt control, rather than for storage, it is not 

believed that the lava need cause serious concern. Complete 

protection from leaks would call for grouting of all lava bodies 

exposed along the axis of the darn. The basalt will form excellent, 

durable, material for concrete aggregate or for riprap. 

25 



The best spillway site is in the saddle west of the main 

valley. Bedrock here is soft shale and even if the spillway is to 

be used only at rare intervals, it should be lined to prevent 

erosion. 

The following studies are believed to be necessary: 

1. Check depth to bedrock along dam axis by drilling. 

2. Determine thickness and character of weathered zone 

in abutments by drillin.; or test-pitting. 

3. Perform physical tests to determine character and 

bearing power of shale and of valley fill. 

4. Study effect of spillway rater on toe of dam. 

Cottonwooi Wash 

Unsurveyed site in T. 22 N., R. 21 Z. 

A brief examination vas made of an unsurveyed site on 

Cottonwood Wash, in T. 22 N. , R. .21 E. It is about 2;t: miles east 

of the point where the Holbrook,-Indian Wells road crosses the rash. 

A poor road that follows the north side of the wash leads directly 

to the site. A dam 50 to 60 feet high and about 2,500 feet long 

could be built at this site and t:ie reservoir area is comraratively 

large. 

The sketch cross-section (fir;ure 4c) shows the geolcgic 

relations alon7 what appears from casual inspection to be the 

shortest axis for a dam. It is evident from the sketch that most 
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of the site is underlain by valley-fill alluvium which has been 

trenched by the main wash and by one of its tributaries to a 

depth of approximately 25 feet. The depth of this fill is not 

known but it is probably not more tl-J.t.n 25 to 50 feet below the 

present stream bed (50 to 75 feet below the general surface). The 

alluvium consists of silt and fine sand in large part but contains 

enough clay to be slightly plactic when wet. Thin lenses of gravel 

and sand occur locally. The alluvium is unconsolidated, weak, 

and as is shown by 	trenches in it, is eroded rapidly by running 

water. 

The abutments consist of soft, dull red shale df the 

Chinle formation. Similar shale, with perhaps a few thin beds 

of sandstone, forms the valley floor beneath the alluvium. The 

beds dip northward at a low angle. A 4 to 51:-foot bed of hare, 

impure limestone that contains a layer of soft shale in its 

central part in places, cans the north abutment and is exposed in 

the slope on the south abutment. Several limy layers are ex-osed 

above this bed in the upper rart of the south abutment. 

Conclusions. - Because of the soft and relatively weak 

nature of the shale foundations, a flexible dam, preferably of 

rolled-earth or hydraulic fill, will be advisable. An impervious 

core, keyed into the bedrock shale, should ba provided. Field and 

laboratory tests by competent soils engineers seem necessary to 

determine whether the valley fill is sufficiently strong and 

impermeable to support a dam or whether the entire foundation 
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should be stripped to bedrock. The limestone cap on t':° north 

abutment should serve as a fair foundation for a side-channel 

spillway but it is too thin and is probably too much fractured to 

serve without lining. The bedrock shale and the alluvium must 

be protected from erosion by running water along the spillway. 

This site is as good geologically as those farther 

downstream and I would recommend that it be manped topographically 

and studied by the engineers before a final choice is made. The 

depth to bedrock along the axis should be determined by means of 

drilling or geophysical exploration. Mechanical tests should be 

made of both the shale and the alluvium to determine their suit-

ability for foundations and for construction purposes. 

Pueblo Colorado Wash 

Unsurveyed Site in T. 22 IT. , R. 22 E. 

An unsurveyed dam site exists on Pueblo Colorado 	:111 

(the upper part of Cottonwood Wash) a short distance below the 

mouth of Creosote (7) Wash in T. 22 N., R. 22 E. The site is 14 

miles downstream rrom the Greasewood trading post and 3.3 miles 

below the poor Indian Wells-Creasewood-Ganado road, from which 

it can be reachedover very poor Indian roads. The valley is 

2,000 to 3,000 feet wide at this place and a 50 to 75-foot dam 

would back water over a very large area. It should he noted 

that most of the Pueblo Colorado valley is rather thickly in-

habited by Indians who would have to be moved to other and 
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probably less desirable land if a reservoir were created. 

Bedrock consists of soft red shale of the Chinle forma-

tion and is similar to that exposed at several other sites da-

scribed in this report. Hard and moderately hard beds of sand, 

stone and limy shale are present but they are few and very thin. 

The shale dips toward the north, or directly across the site, at 

an angle of about 2 de&reos. This slight dip has led to the 

development of broad, low steps on the left (south) abutment, 

along which the shale is exposed at the surface. The right 

abutment is capped by a thin layer of Tertiary sand, some of 

which has been reworked and now appears as sand dunes. The flat 

valley floor, intrenched by the stream is underlain by alluvial 

material that consists of fine nand and silt with some clay. The 

depth to the shale that forms bedrock and the shape of the bed-

rock profile are not known. 

The shale at this site would doubtless support a 

broad base earth dam satisfactorily. A cutoff wall or impervious 

core that penetrates the valley-fill and is securely tied to bed-

rock will very probably be fould necessary. There is no site for 

a side-channel spillway, in which respect the site is somewhat 

less desirable than the one in T. 22 N., R. 21 E. The valley 

fill should prove to be usable for construction but it will 

probably require comparatively flat slopes. Abundant basaltic 

lava for use as riprap can be obtained within 2 to 3 miles of 

the site. 
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Figure 17 

Lower Leroux Wosh site looking toward left abutment from near center of valley 



Leroux 7ash 

Two dam and reservoir sites exist on Leroux Wash, a larc;e 

southwesterly flowing tributary of the Little Colorado River. The 

lower site is just west of Holbrook, in T. lg N. , R. 20 E., abut 

1 mile above the mouth of Leroux Wash. The upper site is 25 miles 

upstream, in T. 21 N. R. 23 E. The raserw)ir areas are lar70 and 

of conmarable extent. 41. 75—foot dam with a crest length of about 

4,000 feet could be built at either site but the lower one wool .1 

require a 	comparatively low, auxilary dike in a broad saddle 

3 miles west of the main dam. The geologic conditions are similar 

at the 2 sites. Abutments and alluvium—covered foundations con—

sist of flat—lying beds of sandstone and shale. One abutment of 

each site contains a landslide mass that would require special 

treatment or removal. The shrles at the lower site contain muoh 

g7Psum. Geologically, the upper site seems to be slightly superior 

to the lower one but choice of site must depend almost entirely 

on engineerime- factors. The greater accessibility of the lower 

site, and the fact that it cr.trols a much larger watershed may 

well make it far more desirable than the upper site. 

Lower Site 

General—Geology 

As shown in figures 5, 17, and 13, bedrJck at the lower 

site consists of alternating beds of sandstone and gynsiferaus 
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shale that belong to the upper part of the Moenkopi formation. 

The gentle northwestward dip of the rocks serves to expose 

slightly older beds on the left abutment than on the right and 

accounts in part for the preservation of the overlying Shinarump 

conglomerate on tha right abutment. 

Left abutment. - The entire hill that forms the left 

abutment (figure 17) is capped by a 7 to 10-foot bed of soft to 

moderately hard, reddish brorn, fine to medium grained sandstone 

that contains much shaly material interstitial to the sand grains. 

Irregular and discontinuous partings of soft red shale occur in 

places and a few thin layers flakes and modules of shale and small 

pebbles of chert. 

This sandstone bed is underlain by 60 feet of dark red 

shale that contains a few dull green streaks. The shale is in 

turn underlain by a 15-foot zone of sandstone, shale and gypsum. 

In some places it consists of Shale and soft, cross-bedded sand,. 

stone in irregular layers and lenses with a little shaly gypsum 

at the base. Llsewhere the entire zone is made up of a semi-

consolidated mixture of gypsum and sand with veins and thin 

layers of relatively pure  gypsum throughout. The lowest bads 

exposed on the left abutment consist of shale which probably 

contains considerable quantities of gypsum. 

There is strong reason to suppose that the shape of the 

left abutment is due in part to landslide movement. The sand-

stone cap of this abutment slopes irregularly downward toward the 
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Figure 18 

Lower Leroux Wash site,looking toward right abutment from center of volley 



Wash at an angle slightly greater than the regional dip of the rocks. 

Cursory examination suggests that there are 3 distinct layers of 

sandstone, separated by beds of shale but more detailed obseratIons 

shoe that the exposed masses all belong to the same bed. It must 

be concluded that daring the erosional, development of the valley 

large parts of the sandstone cap broke off and slid forward and 

downward over the soft underlying shale beds; which were probably 

relatively undisturbed. 

Right abutment. — The right abutment is capped by 5 to 

g feat of loose to semi—consolidated gravel that represents 

remnants of the Shinarump conglomerate. The uppermost 70 feet of 

the abutment is made up of dull rcd, moderately hard shaly sand—

stone that contains extensive but irregular lenses of soft shale. 

These lenses range from 6 inches to 5 feet in thickness and make 

up about one-fourth of the total thickness. The thick sandstone 

layer with its included lnese of shale is underlain by 10 feet of 

gypsiferous shale. The lower part is sandy .and hard enough in 

places to form benches. This layer is underlain by 10 to 15 feet 

of liciat reddish brown highly gr)siferaus sandstone. The bad is 

massive, moderately hard, and sufficiently erosion.-resistant to 

for; a steep cliff alon7, the lower part of the abutment. The 

lowest beds exposed are a series of red and green shales and 

mestones with a 1 to 2—foot bad of relatively pure gypsum at the 

top. The shales probably contain many thin layers and veinlets 

of gypsum throughout. 
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Valley fill. - The E-.;reater part of the proposed cip.;r will 

rest on the broad flat flood plain of Leroux Wash. The alluvial 

material in this pllin consists of silt with some clay and sand and 

probably a few small lenses of gravel. Large sand dune levees have 

been built up along both banks of the stream channel. The depth of 

the valley fill has been investigated by H. O. Spicer, who used 

geonhysical methods. The character of bedrock beneath the valley 

gill is not known, but it is doubtless composed lar,Tely of gypsifer-

ous shale like that in the lower parts or the abutments. 

Axiliary saddle. - L. low broad saddle, which forms part 

of the divide between Leroux Wash and ::Anna Wash, exists about 3 

miles northwest of the dam site and would have to be closed by an 

auxiliary dike or used as a spillway. Soft, varicolored shales 

that belon,, to the lower part of the Chinle formation are exposed 

across the entire saddle. The hills at its north end are capped 

by a thin layer of bright-colored chert. The Chirle shales are 

underlain by the Shinarump conr:lomerate bl,t because of the north-

westerly din of the sediments this formation is at ltast 100 feet 

beneath the surface in t:-.e saddle. 

Structure. - The beds dip at angles of 2 to 4 de trees 

toward the northwest. The effect of this slight dip is to expose 

slightly older rocks on the left abutment than on the right. The 

harder sandstone beds are fractured along 2 sets of joints that 

trend r. 	W. and 1T. 30-115 -.Ia. The northwesterly trending set 
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is much- the stronger. The fractures are 2 to 10 feet apart and many 

of them are open at the surface, particularly where they are close 

to the cliffs. The same fractures must also cut the interbedded 

shaly layers but they are certainly tight there and are probably 

tight even in the sandstones except within 10 to 15 feet of the 

surface. 

Engineering Geoloy 

The lower sit9 is not particularly suirable for a 

but if proper precautions are taken a safe structure can be built. 

The presence of soluble gypsum throughout most of the foundation 

rocks raises t2:s question of leakage. Ill of the viniferous 

masses seen are so thin and so irTure that there is little likeli—

hood of developing large solution channels. Long—continued 

saturation by reservoir water might well lead to removal of enough 

grpsum to allow settlement of the foundations and abutTents, however. 

This possibility is so strong that a flexible struct:re is imperative. 

The alternating layers of sandstone and shale will be stronger than 

!'(r11 C. shale alone but even so the foundations are not capable of 

supporting heavy, concentrated loads and a broad base dam should be 

provided. The low slopes on the surface and the nearly horizontal 

attitude of.the bedrock layers should inhibit any tendency toward 

sliding if the rocks remain moderately dry. If they become saturated, 

however, the tendency to slice rauld be greatly increased, particularly 

on the left abutment. For this reason, a ,s-cod, impermeable cut—off 
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Figure 19 

Upper Leroux Wash site,looking toword left obutment 



should be built in both abutments. The landslide conditions 9n the 

left abutment offer some cause for concern, but the movement was so 

slight and the sandstone cap has been so little broken that removal 

of any material except that in the shallow weathered zone and along 

the cat-off trench should not be necessary. 

The valley fill is probably strong enough to airport a 

broad base dam but it is permeable and subject to erosion by running 

rater. It should ther,:foro be nenetrnted by an impermeable membrane 

that is securely set in ti-,e underlyinr- bedrock. 

The saddle northwest of the site offers no special 

problems. If it is closed by a dike it should only be necessary to 

remove a thin layer of soil ar. weathered shale along the axis of 

the dike. This saddle seems to offer the best site for a 

The shales that underlie it ar,,,  soft and easily eroded by running 

water. Linin{: of the spi4.way channel Will therefore be necessary 

unless it is to be used only at rare intervals. 

The valley-fill alluvium will doubtless be found suirable 

for earthfill construction. Excellent gravel and clean, sharp 

sand for concrete structures can be obtained from the Shinarump 

beds on and near the right abutment. 

Upper Site 

General ivolos-ry. - As indicated on the map and cross-

section (fiFure 6) bedrock at the upper Leroux Wash site consists 
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of shale and sandstone of the Chinle formation. The rocks dip toward 

the northeast at angles of 2 to 5 degrees so that the sections ex-

posed in the 2 abutments are almost identical. 

Both abutments are capped by thin layers of unconsolidated 

fire sand that contains a few pebbles of chert. This is underlain 

by a 3 to 12-foot zone of interbedded sandstone and shale that forms 

a prominent cliff in most places (figures 6 and 19). Locally this 

zone is entirely made up of massive, moderately soft, ch)c-late 

brown sandst)ne, out elsewhere it consists of thin alturnat 

layers of sandstnne an soft shale. The zone is underlain by 4 

to 15 feet of soft, dial red shale. Since the urner sandy zone 

thickens in places where the shale thins, and vice versa, the com-

bined thickness of the two members ranges from 12 to 13 feet. These 

members are underlain b7 a 10 to 15-foot bed of massive, moderately 

soft brown sandstone. Locally it contains up to 5 thin partings 

of shale. al, bed of limestone con,lomerato from 2 to 5 feet thick 

forms tIle base. It consists of pebbles and fragments of dark gray 

limestone in a shaly matrix. The two beds together form cliffs 

in most places, and are underlain by soft, dull red shale which 

forms slopes. Similar shale probably underlies the valley floor 

,l_thaut some la7ers of sandstone may be present. 

The sandst,), layers contain numerous strong fractures, 

or joints, most of rlich fall into 2 sets that trend N. 	W. 

and N. 30-1!0 E. Many of these are open to depths of at least 10 



Figure 20 

Upper Leroux Wash site, showing landslide in right abutment looking upstream 



feet from the present surface but probably they are all fairly 

tight in unweathered rock. 

A moderate—sized landslide mass characterizes the right 

abutment. All of the beds in the abutment are involved and the 

mass is a confused jumble of blocks of sandstone and shale. 

FiFure PO shows its character. The slide was doubtless caused by 

oversteepening of the slope by stream erosion. Its shame ras 

controlled in part by fractures in the brittle rocks and in mart 

by slippage of th1se rflcks over the layers of soft shale. 

The alluvial fill in the valley floor, like that at the 

lower site, consists of silt, sand and clay. Its thickness has 

been determined by H. C. Spicer, who used geoph7sical matho6s. 

Enneerin7 F;eolor7. — The shales and sandstone beds 

that make up the abutments and underlie the foundations should 

be strong enough to sunport a broad base dam and unless the 

factures in the sandstones are open in unweathered rock they 

are essentially impermeable. As is evidenced by the landslide 

mass noted above there is a strong tendency for tie hard sand, 

stone layers to slide over wet shale surfaces. This tendency 

would be increased by the load of to dam. For this reason, 

percolating water must be prevented from entering the immediate 

abutments by means of deer cutoff walls. As a further precaution, 

a broad base structure, with widely distributed loads, choul0 be 

provided. The 	sturbed 'ck in the landslide mass should be 

avoided or removed. A cutoff wall or impervious core to bedrock 

beneath the valley fill seems to be hiP.hly advisable. It will be 
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difficult to provide adequate side-channel spillway capacity but 

there are several low saddles in the right abutment that can probably 

be used without excessive excavation. The thicker sandstone beds 

would doubtless be sufficiently durable to serve for intermittent 

use without lining. If, as is probable, the spillway cut exposes 

layers of shale, they should be protected from erosion by concrete 

lining or heavy rip-rap. 

There is abundant material for earth-fill construction 

near the dam and adequate search will probably lead to the dis- 

covery of usable deposits of sand and gravel. None of the rock 

at the site could be used as concrete aggregate and none of it can 

be highly recommended for use as durable rip-rap. 

Rio Puerco 

Adamana Site 

The AAamana site on the Rio Puerco is in T. 18 U., R. 

24 E. ,about3 miles east of Adamana. The clam axis would follow ap-

proximately the course of the main Petrified Forest high7ay. The 

site is unattractive physically, since a dam only 50 feet in height 

would have a crest length of 11 miles and since it would be necessary 

to relocate the Santa Fe railroad tracks throughout the length of 

the reservoir. It is nevertheless the only site on the Rio Puerco, 

a stream that often empties large silt-laden floods into the Little 

Colorado River at Holbrook. The necessary relocation of the railroad 
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would have some advantages in that the tracks are now below stream 

level in several places, being protected from flood waters only by 

natural levees of dune sand. 

Geolov. 

	 - Except for the alluvium that fills the Rio Puerco 

valley all the rocks exposed at the Adarra.ra site belong; to t'-e Chinle 

formation. The mesa south of the river that is crossed by the 

Petrified Forest highway is held 117)  by a cap cf brown, massive, 

fine to medium grained sandstone, covered on the higher parts of 

the mesa by deposits of unconsolidated sand and gravel. This sand-

stone, which is one of the hardest and most durable rocks in the 

region, is 25 to 	or more feet thick on the main part of the mesa 

but it thins rapidly toward the north and on the narroT ridge i7 

mediately south of the Puorco it is not m.7)re than 10 feet thick. 

The sandstone layer is underlain by soft varicolored shales of the 

typical Painted Desert type. They contain highly colored petrified 

lor;s in places but there are n hard beds of any kind. 

Thin deposits of sand and grovel cover nearly all of th 

bedrock on the ritht, or north abutment. K  fey; scattered outcrops, 

together with the generEll share of the land surface, make it seem 

quite certain that the entire abutment is underlain by soft Chinle 

shale like that in the lower nart of the left abutment. 

If there are any hard beds they are very thin for other-

wise they would crop out at the surface somewhere in the vicinity. 
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Alluvial sand, silt and clay fills the valley floor. In 

general material is courser than that in most of the washes that 

drain the Navajo country but a large part of it will probably be 

found to range from fine sand to coarse silt in ;rain size. Ex—

tensive levees of tune sand have been built up along the banks of 

the Rio Puerco by the action of wind on the alluvial valley fill. 

Several prominent dunes are situated on the north side of the river 

at the site. The depth of the valley fill has been determined by 

geophysical means by H. C. Spicer. Th9 character of bedrock be-

neath the valley floor is not certainly known, but it is believod 

to consist of soft Chinle shales with few if an:,,  hard beds. There 

is some possibility that the sandstone layer that caps the south 

abutment continues northward beneath the stream. Since it is 

clearly thinninr-7 toward the north, however, it seems more likely 

that it dies out comnietely ill this direction. 

The rocks dip toward the north at angles of 2 to 4 

degrees. This northward dip accounts for the fact that the sand- 

stone cap drops gradually from the level of the 	mesa south 

of the site down to stream level. The sandstone cap is fractured 

in many places. The strongest fractures, or joints, parallel the 

edges of the mesa and many of them are open. These relations in-

dicate that most of the fractures are due to undermining  of the 

shale by eresive processes, followed by sli7ht settling of the 

more brittle sandstone cap. 
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EnP•ireering features. - The shale that forms the predominant 

bedrock at this site is essentially impermeable to water. It is weak, 

however and would be unable to withstana concentrated loads. For 

this reason a broad base, flexible structure, is indicated. The 

sr-dstone cep on the left abutment is strong and durable in itself but 

it -culd have a strong tendency to slide on the underlyin::: shale, 

Particularly if the latter were wet. Furthermore, the sandstone is 

so m11.71" fractrred that it would transmit water freely, 	 in 

reakeninp: of the foundation rockzand of the dam itself. It would 

seem best to remove the sandstone completely from beneath the 

structure, usinc; the rock for rir—rap or other purposes. If this is 

not done an impermeable core should be constructed to tie the dam 

into the tisht shales beneath the sandstone. 

Neither of the abutments seers to be adapted to con-

structi'm of a side channel spillway. aerardless of the type of 

spillway that is -_,sed, it must be remembered that the Chinle shale 

is readily eroded by rannin,r7 water and that any channel tat is to 

be used often mar be lined. 

No fqrner exploration of the site soor.3 necessary except 

determination of ,the Berth to bedrock by drilling and studies of 

available constriTction materials. 

Big Carrizo ,lash Sites 

Two possible sites for flood - or silt-control da-s 

exist on Big Carrizo Wash in 2. 19 N. , R. 23 	They are 3 and 5 



Figure 21 

Lower Big Carrizo Wash site, looking toward right abutment from near left abutment 



miles, respectively, above the place where the highway crosses the 

wash. Jalxiliar7 dams would be necessary to close side channels at 

both sites. The sites are similc-,r in that the abutments consist of 

massive sandstone that rests on Loft shale. The lower site is much 

more s'iitable than the upper because the sandstone layer is much 

thicker there and because the combined length of the main and 

auxiliary dams would be only about half as great as at the unner site. 

Geolo77, - 

Rocks. 	Bedrner along this part of Big Carrizo Wash 

consists of shales and sandstones of the Chinle formation. The low 

benches that form the abutments of both sites are capped by an ex-

tensive heri of massive sandstone that contains flakes and small 

lenses of shale in a few places. The lowest part of the bed con-

sists of white, coarse grained sandstone t}-at is locall7 only semi-

consolidatt-d. The remainder of the bed is light brown, fine to 

medium Drained, and uleolum hard. A. few fragments of petrified 

wood occur near the top and bottom of the sandstone. The bed is 

about 50 feet thick at the lower site, where it forms nearly 

vertical cliffs (fi•-ures 3, 21) but it thins toward the north and 

at the upper site is less than 	feet thick. It is everywhiere 

underlain by soft, dull gray shale. This material makes up the 

greater part of the abutments at the upper site but the sandstone 

cliffs extend almost down to strerlm level at the lower site, There 

shale is exposo!-1 at only a few places. 

Both the main valley and the side channels are filled 

with alluvium that contains much silt and some clay, sand, and gravel. 
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The depth of this material and the shape of the bedrock profile hns 

been studied by geophysical means by II. 72. Spicer. The alluvium is 

undoubtedly underlain by soft shale like that exposed in the base of 

the abutments. 

The rocks are slightly warped in several places but in 

general they dip northward at a very low angle. There are no faults 

near the sites. Two sets of fractures, or joints, cut the heavy 

sandstone bed. The stronger and more continuous of these trends 

N. 65-3o W., or parallel to the darn axis in general. The other set 

trends 	10-20 E. The westerly trending fractures have been opened 

by erosion and by the settlin7 of blocks to depths of 10-17 feat 

from the cliff fa.ces (fiure 21) but most of those exposed on the 

mesa surfaces are tight. All of the fractures are probably tight 

in unweathered rock. 

Enp:ineerin.q. features. - In addition to tl-ie fact that it 

calls for much shorter dams, the 1617er site" is the more attractive 

of the two by reason of the presence of strong hard sandstone in 

the abutments and. the comparativ.: 18ck of talus. The shale founda- 

tions at both sites are essentially impermeable but relatively weak. 

3road base, flexible structures ara therefore advisable. The 

massive snadstone is sufficiently impermeable 	prevent notable 

leakage except along open fractures. Since most of those trend 

across the stream rather than parallel to it, the chances of 

material leakage are diminished. Nevertheless, it Till be 
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necessary to search out and seal all open fractures and it may also 

be found advisable to remove 15-20 feet of partly weathered rock from 

each abutment. There will clobtless be some tendency for the massive 

sandstone to slie on its soft shale foundations. Since the beds are 

nearly or quite horizontal this tendency will be sliit and unless 

ver7 concentrated loads are to be imposed can probably be ignored in 

large measure. It offers a second good reason for sealing all 

fractures in the sandstone, however. That is, all available means 

should be taken to prevent percolation of water to and along 

sandstone—c;hale contact. 

The alluvial fill in 	valley floors is probably strong 

enout, to support an earth dam 1-;;t it is relatively 11-rmeable and 

offers little resistance to erosion by runnin7; water. It will be 

hi4lly advisable therefore to extend the impermeable part of t%:e 

dc.rn downward through the alluvium and to tie it into firm shale 

bedrock. 

Either of the 2 channels that are to be dared could. be 

used as sites for overflow spillways. The most acceptable side_ 

channel spillway is about 1 milt. northwest of the lower site. 

Since it is underlain by nassive durable sandstone and will only be 

used occasionally, there seems to he no necessity for lininr; it. 

FUrther exploration.  — The thickness of the alluvial 

fill should be checked by means of drillin!r. It may also seem 

worthwhile to drill the abutments and to test the permeability of 

the sandstone by ,  peens of pressure tests. No other exploration 

except detailed ylie3 of available construction materials seems 

to be necessary. 
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Figure 22 

Oak Springs site look.nc; upstream toward head of BlackCreek canyon 



Black Creek 

Cak Springs site 

The Oak Srrinzs site in T. 24 N. , R. 30 	, is near the 

head of the canyon of 31ack Creek, about 20 mils above the con- 

fluence of that stream with the Rio Puerco. 	short lam LI this 

canyon would back water over a large area in the wido valley of 

Black Creek. L:uch of the land that would be flooded is relatively 

fertile and is extensively cultivated by 1:avajo Indians. 

The narrow place at the very head of tho canyon presents 

the shortest cross-section for a low dam. If the structure is to 

be more than about 75 feet hith almost any place in the upper 2 

miles of the canyon is equally suitable. Bedrock is bard, strong, 

and durable and would support any type of darn satisfactorily.. 

Geolo.7v. - 

Rocks. - The canyon of Black Creek is a deep, narrow, 

steep walled gorge, about 1 mile wide and 700 feet deep. Through 

the greater part of the canyon the exposed rocks lie horizontal 

71nd consist of about 500 feet of red shales, rudstones and sand-

stones of t:.0 a.lpai formation, sarmaanted by 200 feet of Coconino 

sandstone. Just upstream from river mile 20 (figure 9), the beds 

bend over sharply, bringira the Coconino sandstone down to stream 

level at the head of the canyon in almost vertical ?-)qition. The 

wide valley above the canyon is cut in the comparatively soft 

nenkopi, Shinarurnp and Chinle beds that overlie the Coconino 

sandstone. 
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The followin,,-  soction vas measure:1 on the northwest cal;zron 

wall, along the lin=i between bench marks 7172 ana 6472, where the 

roc::s arc horizontal. Unless the site finally chosen is in the upper—

most half mile of the canyon only the lower beds in the section rill 

be of immediate interest; 



Character. - 

Top of plateau. - 	 Thickness, 
Bed 
	

feet 

1. Typical Coconino sandstone; massive, crossed bedded, white to 
buff hard sandstone composed of fine to medium sized quarts 
grains with a little limy cement. 
	 67 

2. Coconino (?) sandstone; red to pink, massive, strongly cross-
bedded, fine to medium grained, and moderately hard. Like 
typical Coconino sandstone except for color and almost cer-
tainly represents the lower part of this formation. Thick-
ness of beds 1 and 2 calculated by difference between measured 
section below and total depth of canyon. 	 133 

3. Dull red, silty and. shaly, fine grained, medium soft, sand, 
stone in massive beds. Probably represents top of Supai 
formation. 	 fl0 

4. Dull red limy siltstone, sandy in part. 	 37 

5. linite to buff, moderately soft, fine to medium grained sand,.. 
stone alternating rith layers of pink sandy shale. 

De  Soft red shale, sandy in part. 	 1r) 

7. Light gray, slabby, impure limestone. 	 7 

3. 7hite to cream fine 6raired sandtone, locally streaked with 
pirk. 	 30  

9. Brick red shaly siltstone. 	 22 

10. Light brownish rod, sugary, fine grained sandstone. 	 10 

11. Brick red siltstone becoming shay toward top. Contains 2 
thin beds of white fine grained sandstone in upper 15 feet 
and a 3 to 5 foot bed of maroon mudstone at top. 	 1314 

12. Brick red, very 	siltstone. 	 )49 

13. Brick rod siltstone in massive beds. .A. few thin layers are 
shaly. Moderately hard. 

Bed of stream; lower al:nai rocks not exposed. 
Total thickness measured, feet. 

14 

146 

7143 
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Figure 23 

Left abutment of upper Oak Springs site 



The Coconino sandstone is the hardest and most durable 

rock in the exposed section. Where the beds are horizontal it 

forms nearly vertical cliffs. Where the beds are downturned it 

is almost equally resistant to erosion and forms a prominent ridge 

on each side of the canyon at its head. The Supai rocks, though 

in general somewhat softer and weaker than the Coconino are never-

the less well compacted and durable and are believed capable of 

withstanding t)-e loads that would be imposed by a dam up to 200 

feet or so in height. 

Mere the rocks are horizontal they contain a few widely 

distributed irrecular fractures, most of which are sealod with 

narrow veins of calcite. None of them offer any cause for concern 

with regard to possible leakage. Where the rocks are bent over, 

fractures wry much more numerous and stronger t7,- p.r. elsewhere. 

They resulted from tensic, nal forces set up during the folding 

process and nearly a L of them are normal to the bedding planes. 

Near the head of the canyon, several small seep springs emerge 

from the lOwer part of the sandstone a few feet above the stream 

bed (fir:ures 9, 23). They are undoubtedly fed by surface rater 

that has entered the sandstone on the plateau, penetrated t%,. 

Coconino beds, and then followed down the Su- at-Coconino contact 

to the points of emergence. Their presence is a clear indication 

of the relative permeability of the two formations. 



The canyon floor is filled with silty alluvium which has 

been intrenched by the present stream to a depth of more than 30 feet. 

In a few places, bedrock is exposed down to stream level and the 

raluvial fill is only as wide as the actucl strear channel. Else-

where there is an ulluvirll bench on one or both sides of the stream. 

The course of the bedrock valley beneath the alluvium can be traco 

only where bedrock is exposea at stream level. H. C. SnicJrls 

geophysical studies indicate that the deepest part of the bedrock 

floor is nearly 100 feet lover V.-Lan the stream and that in some 

places it is beneath the benches rather than directly beneath the 

present stream. 

71.0:ineerino: features. - The dornturned Coconino sand,- 

stone b--cis th-at fora the constriction at the head of 	can:-on 

would serve admirably as (917rabl, strong abutrrents for c,, n earth 

or concrete dam. Since this rock is relatively resistant to 

erosion it sees likely that the depth to bedrock is less here 

than farther dJrnstream but this possibility can be proved only 

by further exploration. The fractured condition of the sandstones 

renders them permeable to water but it would be a comparatively 

simple matter to seal the openincs by grouting. 

The chief advantaf:e of the site at the head of the 
less 

canyon lies in the shorter cross section it offers for a dar/than 

75 feet in height and in the somewhat greater strn,;-t.11 of the • 

foundation rocks. These advantaGes :::zest 	 a-rlIrst the 
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relative impermeability of the Supai rocks farth3r downstream. 

All th:i. rocks are strong enough for the purpose and in my opinion 

the choice of site should rest on estimates of comparative costs. 

In these estimates, the depth to bedrock and the shape of the 

valley floor as dotermined by drillinc: will probably be a docicivc 

factor.' If a concrete dam is built, all of tl'e silty alluvium 

should be ramoved from beneath it but if an earth dam is chosen, 

it rill probably only be necessary to penetrate the alluvium with 

an impermeable core. 

The only possible site for a side channel spillway 

exists on the right—hand sandstone ridge at the head of the canyon. 

If a spillway is cut there, the fractures in the sandstone should 

be s.-?aled to prevent seepage of water into the rocks and against • 

the dam. No other protection of t?..e spillway channel seems to be 

necessary. 

exnloration. — Since the choice of site seems 

to depend on location of the shortest cross section for the height 

of dam chosen and on the Borth to bedrock, the studies most necessary 

seer' to be detailed, lat7e scale topor,raphic surveys and an ex— 

tensive drillims• campaign in the valley bottom. If the site at the 

head of the canyon is to rec,aivc further consideration, pressure 

tests of drill holes in the abutrents will, be advisable in order 

to determine the permeability of the sandstone and the likelihood 

of extensive leakage. 
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