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This report presents the results of our site and laboratory investigation
tor the proposed evaporation pond and dam in La Polvadera Canyvon and for the

mill site catchment dam off San Lucas Canvon.

The results of our investigations indicate that these sites are suitable for
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EXECUTIVE SUMMARY

This report presents the results of site and laboratory investigations for
two elements of Gulf Mineral Resources Co.'s Mt. Taylor Project, near Grants,
New Mexico. These elements are (1) the proposed evaporation pond that is
an integral part of the tailings disposal facilities in La Polvadera Canyon

and (2) a mill site catchment dam off San Lucas Canvon.

La Polvadera Canyon Evaporation Pond

The pro,used evaporation pond provides for the storage and evaporation of
excess mill waste fluids. The facility will consist of a zoned earthfill
dam across a drainage on the south portion of La Polvadera Canyon and a

clay lined pond that will be partially excavated to remove alluvium and
allow for reservoir shaping. The dam will have a maximum height of about 75
feet above streambed. The ultimate area of the pond will be about 205

acres.

Geologic conditions at Lz Polvadera Canyon are favorable for the constr. (-
tion of the evaporation pond. The subsurface geology is controlled by the
San Mateo Dome, where the sedimentary bedrock units are relatively flat-
lying. The abutments of the proposed dam will be founded on the competent
interbedded sandstone, siltstone, and shale of the Dilco Coal Member. In
the channel section, the Gallup Sandstone should also provide an adequate
and competent foundation after excavation and removal of the overlying
alluvium (which may reach depths of up to 30 feet). The downstream portion
of the pond floor and the lower slopes of the pond will be underlain by
Gallup Sanistone; most of the upper slopes will be underlain entirely by the
Dilco Coal ‘“ember bedrock. Both these bedrock units should provide adequate

foundation for the clay pond liner.

Foundation excavation for the dam and excavation for shaping of the pond
should be relatively easy with modern heavy duty excavation equipment equip-
ped with rippers. The same sandstones in the pond area may require some
moderately difficult ripping which will likely cause some irregularities in

the excavation surface.

WAHUH Project GUL-105A ES-1
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The proposed pond area will yield earth construction materials satisfactory
for the embankment. The quantities availuble are, for the most part, ade-
quate. In the later stages of embankment construction, additional shell
material will be obtained from excavaiion at the adjacent tailings burial
site. Drain materials will have to be obtained from off-site or commercial

sources.

No ground water was encountered in drill holes in La Polvadera Canyon.

It is not expected that the evaporation pond dam will be subject to heavy
earthquake shaking. The Mt. Taylor project is located in an area of low
seismic activity, no seismic events as great as maximum intensity VI (Modi-
fied Mercalli Scale) have been recorded for this area, and the greatest
event that can reasonably be expected would have a maximum intensity of VII.
Therefore, a conservative design criterion for earthquake-induced load on

this structure would be a pseudostatic coefficient of 0.10 g.

The mill site catchment dam will intercept and retain run-off from the mill
and will serve as an emergency storage reservoir for miiling operations. It
will have a maximum height of 42.5 feet and a crest length of about 600

feet.

At the dam site, interbedded sandstone, siltstune, and shale of the Menefee
Formation should provide competent foundation material for the proposed dam.
In the channel section, alluvium (up to 26 feet in depth) should be exca=-
vated and removed along the cutoff trench. During investigations, some
perched ground water was noted in the alluvium and this may pose a problem
during excavation. The trench should be excavated about 5 feet into bedrock
to expose competent rock in the abutments and channel section and also
should be extended laterally through a perme.ble terrace deposit in both
aboutments. In the left abutment, fracture permeability is indicated by
high rates of water loss in drill holes to depths of 50 feet. Therefore, a
grout curtain will be required along the cutoff trench, with primary grout

holes to depths of 60 feet to provide a relatively impervious foundation.

WAHKH Project GUL-105A ES-2
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The impoundment's spillway is suitably located, upstream of the left abut-
ment, across a bedrock ridge that is controlled by a massive sandstone

outcrop, which extends to the bottom of the spillway cut.

Excavation of the bedrock material should be possible with heavy-duty exca-
vation machines equipped with rippers, although minor blasting may be re-

quired to shape the massive sandstone in the upper part of the abutments.

Adequate volumes of suitable quality borrow materials for impervious and
shell zones can be obtained within the reservoir area upstream of the pro-
posed catchment dam. Riprap can be obtained from the spillway excavation
(into largely sandstone bedrock), and/or from the basalt talus deposit on
the east slopes. Only drain material will have to be obtained from commer-

cial sources.

A probable landslide mass that is extensive but shallow was mapped upstream
of the right abutment. Because of the potential instability there, no
borrow excavation should be done within the slide area nor should any facil-
ities be located there without prior, detailed site investigations. Any
renewed slide activity should not endanger the dam facilities but would

contribute a significant amount of debris to the proposed pond.

For the mill site catchment dam, the design criterion for an earthquake-
induced load would be a pseudostatic coefficient of 0.10 g, as for the

evaporation pond dam.
This executive summary is presented for the reader's convenience only. For

complete technical discussion and the rationale for conclusions and recom-

mendations, the full text of this report should consulted.
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CHAPTER 1
INTRODUCTION

A. PROJECT DESCRIPTION

This report presents the results of Wahler Associates' geotechnical site in-
vestigation and of laboratory tests of foundation and construction materials
for Gulf Mineral Resources Co.'s proposed evaporation pond and mill site
catchment dam for the Mt. Taylor project. This report updates the April
1978 report titled "Site and Laboratory Investigations for Tailings Impound-
ment and Catchment Dams". The evaporation pond is to be located in La
Polvadera Canyon, approximately 30 miles northeast of Grants, New Mexico
(Figure 1-1). The mill site catchment dam is to be located about 4 miles
southeast of the tailings impoundment site, across a small tributary off San

Lucas Canyon.

The evaporation pond is an integral part of the Mt. Taylor Uranium Project.
The major components of the project will include a deep underground mine, a
mill whose presently planned ultimate production capacity will be approxi-
mately 1.5 million tons of ore per year and the tailings disposal facili-
ties. The evaporation pond is part of the tailings disposal facilities and
serves to provide storage and evaporation of excess mill waste liquids. The
solid tailings are to be disposed of in a series of excavated trenches to be

located in La Polvadera Canyon.

The evaporation pond dam will have a maximum height of about 75 feet above
streambed and an ultimate pond size cf approximately 205 acres. The mill
site catchment dam will intercept and retain runoff from the mill and will
serve as an emergency storage reservoir for the milling operations. The
proposed catchment dam will have a maximum height of 42.5 feet and a crest

length of about 600 feet.

WAH[EH Project GUL-105A I-1



B.  AUTHORIZATION

The authorization for this work is set forth in aa agreement with an effect-
ive date of December 28, 1978, signed by Gulf Mineral Resources Co. (GMRC)
and Wahler Associates. Mr. R. E. Bohm of GMRC and Mr. F. W. Gifford of

Wahler Associates served as project managers for the work.

C.  SCOPE OF WORK

The work performed under this contract documented in this report included
geotechnical site investigations of La Polvadera Canyon and mill site catch-
ment dam areas in San Lucas Canyon and laboratory testing of potential
borrow materials. The site investigations consisted of geologic mapping, an
extensive drilling, trenching and sampling program, and field permeability

testing conducted during three periods between 1977 and 1979.

This report presents the results of geotechnical site and laboratory
investigations in La Polvadera Canyon and at the mill site catchment dam
area. The results of the site investigation in San Lucas Canyon other than
at the mill site catchment dam area are presented in Wahler Associates'
report "Evaluation of Alternative Tailings Management Methods" November,
1979.

D.  REPORT ORGANIZATION

This report describes regional and local seismic and geologic conditions in
Li Polvadera Canyon and at the catchment dam site off San Lucas Canyon,
summarizes information and data obtained in site and laboratory investi-
gations, and discusses factors influencing the evaporation pond dam and

catchment dam designs.

The results of these investigations are capsulized in the Executive Summary.
Chapter I introduces the project and defines the scope of work. Chapter I1
describes the regional geologic and seismic setting and Chapter 1II deals

with local geologic conditions. Chapter IV describes the foundation

WAHl[H Project GUL~105A [=2
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conditions at the evaporation pond and catchment dam sites. Chapter V

describes borrow material sources for the proposed embankments.

The field investigation data are given in Appendix A (Volume I1) and the
results of the laboratory investigation are included in Appendix B. The
results of Earth Sciences Associates' seismic refraction studies in La Polva-
dera Canyon are presented in Appendix C. Appendices B and C comprise Volume
ITT of this report. Principal literature references are listed at the end

of the main report text.

E.  LIMITATIONS

The data, information, interpretations, and recommendations in this report
are presented solely as bases and guides to the design of the evaporation
pond facility in La Polvidera Canyon and the mill site catchment dam off San
Lucas Canyon. [he conclusions and professional opinions presented herein
were developed by Wahler Associates in accordance with generally accepted
geotechnical engineering principles and practices. This warrantv is in lieu

of all other warranties, either express or implied.

These data, conclusions, and recommendations should be considered to relate
only to the specific project and locations discussed herein. Wahler Assoc-
tates is not responsible for any conclusions or recommendations that may be

made by others.

This report has not been prepared for use by parties other than Gulf Minera

Resources Co. and the reviewers of the Mt. Taylor project. [t may not con-
tain sufficient information for the purpose of other parties for other uses.
[f any changes are made in the project as outlined in this report, the con-
clusions and recommendations contained herein shall not be considered valid
unless the changes are reviewed by Wahler Associates and the conclusions and

i

recommendations of this report are modified or approved in writing.

WAHl[R Project GUL-105A [-3
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CHAPTER 11
REGIONAL SETTING

A. REGIONAL GEOLOGCY

The Mt. Taylor project site lies in the eastern part of the Colorado
Plateau geologic province near the southern boundary of the San Juan
Basin. It is about 35 miles west of the San Ignacio faulted monocline
that forms the boundary between the Colorado Plateau and the Rio Grande

Depression.

The San Juan Basin sediments were gently folded in Jurassic time (about
155 million years before the present) and tilted northwestward, in the
region of the Mt. Taylor site, at a low angle (2 to 5 degrees) toward

the center of the basin. This tectonic activity subsided during
Cretaceous time, but in early Tertiary time (50 to 60 million vears

ago), tectonic activity began again. This activity resulted in the
formation of the present general configuration of the San Juan Basin.

In late Tertiary time (10 to 20 million years ago) a regional east-west
crustal extension resulted in the formation of the Rio Grande Depression
and also created major folding that was accompanied by northeast-trending
normal faulting east and northeast of the project area. During this same
period, there was considerable volcanic activity centered in the Mt.

Taylor volcanic field, east of the project area.

La Polvadera Canyon is at the northeast end of the San Mateo Dome, which
is near the border of the Chaco Slope and the Acoma Sag elements of the
San Juar Basin (Cooper and John, 1968). The San Mateo Dome, an elongated
structure, trends northeasterly. The northeast flank of the dcwme coin-
cides with the west side of the Mt. Taylor syncline. Contours drawn on
the base of the Dakota Sandstone show that the San Mateo Dome retains

its general struc. at depths of 1,600 to 2,000 feet (Santos, 1966),
The dome is cut by normal faults which can be traced for several miles

and exhibit both horizontal and vertical displacement.

WAHLER Project GUL-105A 11-1
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B. REGIONAL SEISMICITY

: Seismic History

Seismic evidence, both historical and instrumentally recorded, indicates
that the Mt. Taylor project site is in an area of low seismic activity
(Figure II-1). There is no reported histo.ic record of earthquake

damage in the area since 1887.

There cre two zones of moderate seismicity in the region of the Mt. Tavlor
site; these zones are characterized as having a relatively large number

of low to moderate seismic events, both historical and instrumentally
recorded. Each zone corresponds to an area of known faulting. One
seismic zone, about 170 miles from the project site at its closest
distance, trends northwest and extends from the lower Rio Grande Valley
near El Paso on the south through southwestern New Mexico into Arizona,
terminating near Flagstaff. Several Modified Mercalli Intensity V to

VI shocks have been recorded in the area--the largest earthquake, of
intensity VII, occurred at Flagstaff in 1906. The second zone coin-

cides approximately with the Rio Grande Rift Zone, about 50 miles east

of the project site. This roughly north-south trending zone begins

south of Socorro and parallels the Rio Grande Vallev north to Colorado.
The Rio CGrande Rift Zone is believed to be a tensional feature in the
earth's crust incorporating large, downdropped blocks of crustal material
(grabens). This rift zone is bounded on the east and w: st by north=-
south trending faults. It is postulated that earthqus.es with hypocenters
located within the Rio Grande Rift Zone are the resu't of slight movements
along these fault planes. Some of the smaller magnitude events, as well
as a great deal of the microseismic activity within the rift zone, are
believed to be associated with geothermal sources lying at moderate
depths within the zone. Although most of the historical and instrumen-
tally recorded earthquakes associated with the rift zone have been of

low magnitude and intensity, a few larger magnitude events have been
Jocumented. The strongest recorded earthquake in New Mexico occurred

in this zone, at Socorro, on July 16, 1906; it had a maximum intensity

of VIII with a radius of percept vility of 200 miles. This shock was

WAm,EH Project GUL~105A [1-2
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Only two known earthauake events have occurred within 50 miles of the oroiec

area, and both have occurred in recent years. The nearest earthiuake
to the project site was a magnitude 4.4 earthquake on December 23, 1973,
with its epicenter near Grants, about 20 miles southwest of the site.
The earthquake was felt in McKinley and Valencia counties and subjected

v

Grants, where minor damage occurred, to a maximum intensity of VI. In
San Mateo, near the site, the reported intensities ranged from I to IV.
the most recent event was a magnitude 5.0 shock on January 5, 1976, with
the epicenter located 45 miles northwest of the site. The epicentral

area experienced an intensity of VI.

2. Earthquake Risk Evaluation

Available seismograph records for the project area are insufficient to
permit statistical forecasting of the occurrences of large-magnitude
earthquakes. Therefore, the evaluation of earthquake risk is based on
historical records and on the assumption that the maximum earthquake
of record is the worst likely to occur during a comparable period of
time in the future. Both historical and instrumentally recorded data
were used; therefore, there is some statistical bias with population

dmsity.
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The seismic history of largest tremors within

200 miles of the project site have been: (1) the 1906 Flagstaff earth-
quake (intensity VIII), 170 miles west of the site: (2) the 1906 Socorro,
New Mexico eirthquake (intensity VIII), 100 miles southwest of the site;

and (3) the 1918 Sandoval County, New Mexico earthquake (intensity VII-

1), about 60 miles east of the site. The largest shock in the region

y - 1 %

was the 1887 northern Mexico earthquake of intensity IX, 320 miles south-
southwest of “he site; this earthquake mav have subjected the site to a
shock of intensity V to VI. The most recent shocks, in 1973 and 1976,
located 20 and 45 miles from the site, had reported maximum intensities
of VI in the epicentral area and were probably felt at the project site
with intensities of IV or less. The most significant earthquake that
affected the area was the 1918 Sandoval County earthquake in the Rio

Grande seismic belt. The maximum intensity of VIII was the highest
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CHAPTER 111
SITE -EOLOGY

A.  GENERAL

The proposed evaporation dam and pond is located in La Polvadera Can-
yon. La Polvadera Canyon was the subject of previous extensive geolog-
ic surface and subsurface studies related to vavious alternative
schemes for the disposal of mill waste. Wahler Associates conducted
site selection studies as well as a definitive design investigation for
4 tailings impoundment in La Polvadera Canyon. The results of these
investigations are contained in W. A. Wahler & Associates Phase [ Site
Selection Report for Tailings Impoundments (July 1977), and Phase 11
Site and Laboratory Inves*igations for Tailings Impoundment and Catch-
ment Dams (April 1978). Subsequently, other disposal systems such as a
multiple small-tailings pond scheme were also investigated. Several of
these impoundment schemes appeared suita! .. la response to the NRC
position that burial is; the prime option for disposal, a burial scheme
is planned. This planned burial scheme will be located in the southern
portion of La Polvadera Canyon. Part of this tailings burial scheme is
an evaporation dam and pond in the south part of the canyon which is
the subject of this report. The exploration map (Figure 111-1) shows
all the previous and recent subsurface drilling and trenching work in

La Polvadera Canyon.

B. LA POLVADERA CANYON

The La Polvadera canyon area is a broad, rolling, bowl-shaped basin
drained by several washes that converge and drain through a series of
low hogback ridges into San Lucas Canyon. The hogbacks are formed by
resistant sandstone beds that dip 20 to 30 degrees east, or downstream,
at the canyon outlet. These dipping beds form the eastern flank of the

San Mateo Dome; north of the canyon outlet they curve westward, forming

WAHl[H Project GUL-105A I111-1
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the northern flank of the dome and the northern rim of the La Polvadera
drainage basin. The western and southern margins of the basin are
formed by arms of the San Mateo Mesa. The axis of the dome bisects the
central part of the canyon area; thus bedrock units (consisting primar=
ily of a thick sequence of interbedded sandstone and shales) are gener-
ally flat-lying or gently dipping in the broader parts of the basin.

It is in this area that the proposed evaporation .ond is located.
1. Bedrock Units

Bedrock outcrops in the canyon include Cretaceous sandstone, siltstone,
and shales of the Menetee Formation, Point Lookout Sandstone, Crevasse
Canyon Formation, Gallup Sandstone, and Mancos Shale. Bedrock is well
exposed in the canyon and »n surrounding mesas and hogbacks. Thece
formations intertongue in a complex manner as a result of cyclic marine
transgression and regression. The geology of La Polvadera Canyon 1is
illustrated on Figure III-2 (in the pocket at the end of this volume).
The explanation on the figure graphically represents the complex inter-
bedding of the formations. The geologic formation outcropping in the
proposed evaporation pond area consists of the Dilco Coal Member ot the
Crevasse Canyon Formation. The Gallup Sandstone lies buried beneath
the alluvium in some areas of the pond. Surficial deposits of alluvial
and eolian sand, silt, and clay blanket the bedrock along the valley
bottom. A brief description of the bedrock units in La Polvadera
Canyon in stratigraphic order from youngest to oldest is given in Table

ITI-1. A geologic time scale is presented in Table III-2.

a. Mulatto Tongue Member of the Mancos Shale (Kmm) The Mulatto
Tongue Member is the youngest bedrock type in the proposed evaporation
pond area and occurs in comformable contact over the Dilco Coal Member.
It outcrops in the broad ridges west of and outside the limits of the

proposed evaporation pond.

WAHHH Project GUL-105A I11-2
ASSOCIATES



L3

The Mulatto Tongue consists of thinly bedded, light tan, sandy shale
and siltstone with a few thin beds of sandstone and dark gray shale.

Gypsum occurs as infilling of fracture and bedding planes.

b. Dilco Coal Member of Crevasse Canyon Formation (Kcdi) - The Dilco
Coal Member underlies the Mulatto Tongue Member. The Dilco member
comprises the major bedrock type in the project area and forms the
broad ridges in the central portion of La Polvadera Canyon. To the
north, the Dilco Coal Member is about 120 feet thick in full s<.tion
and consists of interbedded, white to brown sandstone, brown to light
gray siltstone, and gray to black and purple shale beds. Minor coal
lenses up to 6 inches iun maximum thickness were encov.. .red in some
drill holes. The sandstone is fine- to medium- graincd and poorly
cemented, and contains carbonaceous partings and some iron-oxide stain.
The thickness of the sandstone beds ranges from 6 inches to 5 feet,
although one massive sandstone bed on the upper part of the Dilco
stratigraphic section attains a maximum aggregate thickness of 15 feet.
The siltstone shows variegated colors from tan to yellow to gray and
purple, with iron siaining, and exhibits wavy bedding. The shale 1is
gray to black, carbonaceous, fissile to flaky, and air-slakes readily.

Most of the shale is found in the lower half of the stratigraphic

section.

2. Gallup Sandstone (Kg) - The Gallup Sandstone underlies the Dilco
Coal Member and, for the most part, occurs in the subsurface. The only
outcrop occurrence is in the area of Michael Tank (Figure 111-2). 1In

the proposed evaporation pond site, the Gallup is not exposed and is
buried beneath the alluvium. As indicated by drilling, the Callup
attains thicknesses ranging trom 58 to 70 feet along the propc =d
evaporation pond dam axis. The Gallup Sandstone is a massive, cross-
bedded, white, light yellow to light gray, fine- to medium-grained,
pocrly cemented sandstone. It contains few inclusions and thin streaks
of carbonaceous material. Iron staining is common in the upper half of

the section and persists to a lesser degree in “he lower part of the
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section. Joints, steeply dipping to vertical and spaced from 2 to 10
feet, were observed in outcrops. However, cores revealed very few

joints or fractures.

d. Main Body of the Mancos Shale (Km) - The upper part of the main
body of the Mancos Shale is of Late Cretaceous age and is a thick
lithologic unit composed predominantly of dark gray, calcareous, fis-
sile clay shale of marine origin. In La Polvadera Canyon, the Mancos
Shale, as indicated by the well log of the Polvadera Well, is 905 feet
thick (Cooper and John, 1968).

The Mancos Shale is not exposed in the project area but was encountered
‘n deep drill holes along the proposed evaporation pond dam axis
(Figures III-3 and T'I-4). 1In these drill holes (WPC-33 and WPC-34),
the Mancos Shalc was peuetrated to depths ranging from 15 to 23 feet.
The Mancos snale encountered in core holes consists of interbedded,
thinl: bedded, tight, dark gray shale and siltstone with carbonaceous

partings.
2. Surficial Deposits

Surficial deposits in the La Polvadera Canyon area consist of alluvial
and eolian deposits, talus and slopewash deposits, and residual de-
posits. In the proposea evaporation pond area only the alluvial and
eolian deposits exist. Minor slopewash deposits were noted. Extensive
talus deposits found along the base of cliffs around the rim of La
Polvadera Canyon consist of yellowish-brown to gray silt, sand, and
gravel with numerous sandstone and siltstone blocks. Residual deposits
of weathered bedrock in the canyon were mapped as saprolite by the USGS
(Santos, 1966). These deposits contain siltstone and shale bedrock
that has weathered in place to a plastic clay of various colors. In
the pond area, residual deposits are almost always present as a thin

cover over bedrock and not separated in the geologic map.
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a. Alluvial and Eolian Deposits = Soil cover in the stream valleys
consists ot a complex of deposits of fine-grained alluvium and eolian
material. There is no well-defined contact between the alluvial and
eolian deposits in La Polvadera Canyon. These soil deposits range from
a moderate brown to moderate yellow-brown, sandy clay to a silty sand,
and occur as alternating layers. At depth and near the bedrock
contact, the material is generally coarser and consists of gravelly
sand with varying amounts of fines. Soils are generally loose to
moderately dense near the surface but gradually become stiffer and
denser at depth and near the bedrock contact. The shallower soils tend
to be collapsible, as exhibited by the sink-type depressions that occur

along stream bottoms.

Results of borehole exploration show that average soil thickness gener=
ally decreases upstream from the canyon mouth in both the north and
south drainages. Average soil thickness ranges from more than 60 .eet
at the mouth of the canyon to 20 to 30 feet at a distance of 4,000 to

5,000 feet upstream of the north-south trending fault which bisects the

canyon.
3 S@rurturallﬁvmlu&y

The major structural feature in the project area is the San Mateo Dome.
On the north and east flanks of the aome, the Point Lookout Sandstone
and the upper two members of the Crevasse Canvon Formation form hog=
backs that dip ac an angle of 20 to 30 degrees. Bedding structure in
the central part of La Polvadera Canyon, which is coincident with the
crest of the dome, generally dips at an angle less than 5 degrees,
except where local drag folds occur along normal faults. The proposed
evaporation pond site is situated approximately on the eroded crest of

San Mateo Dome, where the oldest rocks in the project area are exposed.

Joint patterns in sandstone beds in the Dilco are well developed; they
are mostly vertical and are spaced 6 inches to 4 feet apart. Minor

exposures of the massive Gallup Sandstone show widely spaced vertical
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jointing. Very few steeply Jdipping to vertical joints were noted in
cores in the Gallup, and the drill cores generally break along bedding
or cruss~bedding planes. The shale and siltstone are closely fractured
but the fractures appear to be tight and sealed. Jointing in the

Mulatto is closely spaced.

As shown on the geologic map, the east flank of the dome is complexly
faulted. Lateral displacement along the faults at the hogbacks is very
conspicuous in topographic maps and air photos. The beds at the mouth
of La Polvadera Canyon are offset laterally approximately 1,000 to

1,500 feet by a north-northeast trending fault.

Another fault structure in the project area trends north-south and
separates outcrop. of the Mulatto Tongue Member of the Mancos Shale and
Dilco Coal Member of the Crevasse Canyon Formation. This fault shows
150 to 200 feet of vertical displacement; it is located along the
transitional boundary between steeply dipping rocks forming the eastern
flank of the dome and the relatively flat-lying beds near the crest of
the dome. Bedrock exposed east of this fault is the Mulatto Tongue
Member. It is tilted 10 to 25 degrees from horizontal and is much more
fractured than the corresponding rocks of the Dilco Coal Member on the
west side of the fault. This north-south fault divides the canyon into
two areas. East of the fault, the rocks are steeply dipping and com-
plexly faulted. West of the fault, the beds are relatively flat-lying
and the geologic structures are less complex. The proposed evaporation

rond dam is located about 1800 feet west of this north-south fault.

In the upper reaches of the proposed evaporation pond a probable normal
fault trending northeast was mapped by the USGS (Santos 1966). This

probable fault is shown cutting the Mulatto Tongue Member. Our surface

geologic mapping detected no evidence of the fault; furthermore our
interpretation of subsurt. ¢ geologic data indicates continuity in the
subsurface stratigraphic yfile (Figure III-4, Sec. C-C'),.
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Faults in the La Polvadera Canyon comprise a system of normal faults
which originated during the formation of the San Mateo Dome (SMD)
during early Tertiary time. Examples of similar normal faulting pat-
terns associated with anticlinal structures are well known, and they
are expressions of relief of tensional stress in the upper parts of
these structures. Most faults of the dome probably are not deepseated
features and not continuous beyond its boundaries. The span of prin-
cipal activity on these structures most likely was correlative with
regional stress as during the Laramide orogeny: reactivation of some
elements of the system may have occurred during middle Tertiary normal

faulting.

Most of the fault structures in the area can be readily identified with
late- or post-Pliocene erosional features in Cretaceous rocks. Faults
exercise major control of erosion in resistant beds end have influenced
topographic development. Fault-line scarps are apparent on some struc-
tures with escarpments formed on either the upthrown or downthrown
sides, or on both sides along different segments of the same fault.
Geomorphic expression of geologically young fault activity has not beeén

identified in the area.

Present-day topography is apparently inherited with only slight modifi-
cation fiom late- and post-Pliocene time. Over parts of the dome,
post-Pliocene erosion has substantially exceeded 600 feet, leaving
remnants of a pre-Pliocene eronsion surface (San Matco Mesa) standing
high amid a much dissected topography. The principal drainages of this
landscape are filled by alluvium, which currently is undergoing erosion
by gullying. Thick alluvium, extensive colluvial and landslide de-
posits on steeper slopes, and deep chemical weathering resulting in
widespread saprolite formations are all characteristic of the area, but
clearly are not compatible with the present day climatic regime, nor
generally with that of the Holocene Epoch. They are instead consonant
with the wetter climatic regime of the Pleistocene, and with an earlier

episode of alluviation and canyon backfilling.
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Faults in the area of the proposed evaporation pond and in the general
3 I 8

area, are not known to transect these deposits.

The SMD fault system is apparently the northeastern most extension of
the San Rafael fault zone, and the subparallel San Mateo fault zone.
These zones converge in the SMD area in a plexus of faults, but to the
southwest they consist of a relative few, long continuous breaks.

These fault zones are known mainly from subsurface relations since they
are capped by Quaterpary surficial deposits and without surface expres-
sions over much of their mapped length. Individual breaks, within
these systems transect some Pliocene volcanic rocks, but most members
are pre-Pliocene in age. Moreover, in the vicinity of Grants, New
Mexico the main members are overlain without displacement by basalt

flows of Quaternary age.

In summary, there is no evidence that faults locally associated with
the SHD could be younger than surficial deposits of probable Pleisto-
cene age. They are probably much older as suggested by the following

factors:

© The SMD fault system is apparently correlative in origin
with long inactive stresses which produced folding in early

Tertiary time.

v Other faults, possibly younger than the SMD fault system,
but related spatially, are mostly no younger than Pliocene,
and mapped relations suggest all are older than late-Pleisto-

cene.

* A variety of erosional and depositional features are super-
posed on fault lines which, in part, control an ancient

prealluviation landscape.
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C.  MILL CATCHMENT DAM STTE

The proposed mill catchment dam site is in a small, northeast-trending
tributary of San Lucas Canvon, about 4 miles south-southwest of the
proposed La Polvadera Canyon tailings burial site and evaporation pond
area. Figure III-5 is a surficial geologic map of the proposed dam and
reservoir, and Figure 111-6 shows geologic profiles along the dam axis
and in the reservoir. The project site is on the southeastern flank of
San Mateo Dome where the bedrock formatirn shows a northeast strike and
low dips to the southeast. The Menefee Formation of Cretaceous age
(Kmf) comprises the bedrock material underlying the entire site and is
exposed on ridges and steep slopes. Elsewhere, the Menefee Formation
is covered by talus, slopewash, terrace, and alluvial deposits. The
Menefee Formation is interbedded, light brown to grayish-orange silt-

stone and sandstone with interbedded gray shale and minor coal seams.

The alluvial and eolian deposits in the channel consist of interlaver-
ed, light brown, sandy silt to silty sand and moderately brown, clayey
sand to sandy clay. Ground water occurs in the stream alluvium and
appears to be localized. Slopewash deposits consisting of mixed sand,
silt, and clay, with some fragments of basalt and sandstone, overlie
the bedrock on tte lower slopes. A portion of this slopewash deposit,
as evidenced by subdued hummocky topography and minor slumps at slopes
high above the proposed reservoir to the east is comprised of fines and
gravel=- to boulder-sized basalt derived from the basalt caprock upslope
and outside the mapped area. Minor terrace deposits overlie the bed-

rock on the broad ridgetop of both abutments.

The project site is on the southeastern flank of San Hateo Dome where
the bedrock formation shows a northeast strike and low dips to the
southeast. The Menefee Formation of Cretaceous age (Kmf) comprises the
bedrock material underlying the entire site and is exposed on ridges

and steep slopes.
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STRATIGRAPHY - BEDROCK

TABLE ITI-1
INITS IN LA POLVADERA CANYON PROJECT AREA

Geologic Formation

Menefee Formation (Kmf)

Upper Part of Puint Lookout
Sandstone (Kpu)

Satan Tongue of Mancos Shale
(Kms)

Hosta Tongue of Point Lookout
Sandstone (Kph)

Gibson Coal Member of Crevasse
Canyon Formation (Kcg)

Dalton Sandstone Member of
Crevasse Canyon Formation
(Keda)

Mulatto Tongue Member of Mancos
Shale (Kmm)

Dilco Coal Member of Crevasse
Canyon Formation (Kcdi)

Gallup Sandstone (Kg)

Main Body of Mancos Shale
(Km)

Dakota Sandstone (Kd)

Morrison Formation (Jm)

Source: Modified from Santos,

WAHLER

Description

Yellow=-brown siltstone and sandstone with inter-
bedded grav sandstone, complete section not
exposed.

.
Gray and red-brown sandstone, 60 to 80 feet
thick.

Yellow-brown sandstone and siltstone with dark
gray shale, 0 to 140 feet thick, occurs only
along northeastern rim of La Polvadera Canyon.

Gray and red-brown sandstone, 100 to 140 feet
thick.

Interbedded sandstone, siltstone, shale, and
coal beds, 190 to 300 feet thick.

Light gray sandston. 60 to 120 feet thick.

Yellow-brown shale, dark gray shale, and
massive yellow-brown sandstone, 350 to
400 feet thick.

Interbedded sandstone, siltstone, shale, and
coal beds, 100 to 150 fiet thick.

Buff to light gray, massive cross-bedded
sandstone, 80 to 120 feet thick.

Medium to dark gray shales with some silt-

stone and minor sandstone , about 900 feet
thick.

Light colored fine to medium grained quart-
zose sandstone and dark gray to black
carbonacous shales, 100 to 170 feet thick.

Variegated shales, clavstones and dis-
continuous interbedded sandstones, about
200 to 600 feet thick.

1966 and Cooper and John, 1968
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CHAPTER IV
FOUNDATION CONDITIONS

A. LA POLVADERA CANYON EVAPORATION POND

1. Jeneral

The proposed evaporation pond will consist of a zonedi earthfill dam and an
excavated retention reservoir to provide storage and evaporation of excess
mill waste liquids. The solid tailings are to be disposed in a series of
trenches adjacent to the west of the evaporation pond. An upstream contain-
ment dike is also planned across the drainage on the northwest portion of
the pond to prevent water from encroaching into the tailings burial site

further upstream.

The stratigraphy beneath the proposed evaporation pond dam is shown in
Figure III-3. The Dilco Coal Member underlies a major portion of the pro-
posed dam and about two-thirds of the pond area. The Gallup Sandstone will
comprise the foundation material along the channel section of the dam and
the lower portions of the proposed pond after excavation and removal of the
alluvium. These geologic units are conformable, that is, *he beds lie upon
one another in unbroken and parallel order. The evaporation pond area is <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>