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FOREWORD

This report was prepared for the Department of Air Force Space
and Missile Systems Organization (SAMSO) in compliance with
conditions of Contract No. F04704-77-C-0010 and deals with
potential concrete aggregate resources within and adjacent to
selected lands under consideration for siting of the MX Land
Mobile Advanced ICBM System.

This report was prepared for SAMSO under the direction of
Kenneth L. Wilson, Project Director, and under the supervision
of the following senior staff: Robert J. Lynn, Project Manager-
Geology; Stanley H. Madsen, Project Manager-Engineering and
C. Marshall Payne, Senior Geologist. Personnel responsible for
conduct of the field work, data analysis, and report writing
include William R. Lund, Michael R. Long, Eugene Y. Hsu, and
James B. Thompson with final graphics preparation directed by
Edd V. Joy and James A. Nenneman.
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1.0 INTRODUCTION

1.1 BACKGROUND AND LOCATION

This report presents the results of the Aggregate Resource
Evaluation Investigation (AREIl) performed within the Department
of Defense (DoD) and Bureau of Land Management (BLM) MX Siting
Regions as defined by Fugro National in 1976 (FN-TR-15) and a
30-mile boundary extension around these lands (Figure 1). These
siting regions are being considered by other contractors to
SAMSO as part of an evaluation program of potential MX deploy-
ment areas. This evaluation program will yield data related to
possible siting configurations of facilities, construction cost
estimates, and other factors important to the development of the
MX system. These regions are among many other potentially
suitable siting areas in the western United States delineated

during Intermediate Screening (FN-TR-17).

To maintain continuity with previous Fugro National MX studies
and to facilitate the retrieval of information, the regions
under consideration have been divided into the following study
areas:

1. New Mexico-Texas Study Area (NM-TSA) (Figure 2); comprised
of White Sands Missile Range (WSMR), Fort Bliss Military
Reservation (FBMR), White Sands Missile Range Extension
(WSMRE) .

2. Arizona-Californis Study Area (A-CSA) (Figure 3); comprised
of Yuma Proving Grounds (YPG), Luke-Williams Bombing and
Gunnery Range (LBGR), the Gila Bend Group (GBG) of BLM
land.

3. Nevada-California Study Area (N-CSA) (Figure 4); comprised

of Nellis Bombing and Gunnery Range (NBGR), and the Nellis
Group (NG) of BLM.

f\u:lm nATIONAL INO.
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Included within each study area is a 30-mile wide peripheral
corridor around the boundaries defined in FN-TR-15. Locally the
limit of the 30-mile wide corridor deviates so that additional
promising potential sources of concrete aggregate could be
considered. Areas which were not available for field reconnais-
sance due to access restrictions are indicated on the accompany-

ing aggregate resource maps.

1.2 PURPOSE AND SCOPE

The purpose of the AREI was to inventory and rank sources of
sand and gravel according to their suitability for use as aggre-
gate in 4 to 12 kips per square inch (ksi) compressive strength
concrete to be used in construction of the MX trench system.
The AREI study was designed to provide regional information on
the general 1location, quality, and quantity of sand and gravel
aggregate sources within the study areas in a useful and inform-
ative format for planning purposes. Providing detailed informa-
tion of the type necessary for the actual location of proven
available suitable aggregate sources and for design of an aggre-
gate plant was outside the purposes of this study. Also there
was no attempt to address water availability for concrete mixes

to construct MX facilities.

Factors considered in order to make the inventory and rank the

sources included:

1. Type of deposit; both hard-rock (quarry) and basin-fill
(borrow pit) sources were investigated;

2, Quality of the material; American Society of Testing and
Materials (ASTM) standards and Standard Specifications for
Public Works Construction (SSPWC) were used to evaluate
aggregate quality;

f.mnn NATIONAL ING.
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7

3. Quantity of material; 26 million cubic yards (yd3d) of
coarse aggregate and 17.7 million yd3 of sand are esti-
mated to be required (Parsons, 1977) per deployment area
(3000 nm of trench);

4. Size of boundary extension; the 30-mile boundary extension
around the DoD and BLM MX siting regions was based on infor-
mation from ongoing deployment area evaluation studies (Par-
sons, 1977) pertaining to the maximum practical construction
haul distances anticipated for the MX system;

S. Availability of water for aggregate processing; review of
existing data on ground and surface water within the study
area; and

6. Accessibility; a brief review of major land transportation
facilities within the study area.

The scope of this investigation required that both field recon-
naissance and office studies be performed. The following steps
were included in the analysis:

1. Collection of applicable data pertaining to a) the existence
and quality of and potential sources of concrete aggregate,
and b) the geology, soils, and related construction materi-
als within the study area;

2. Analysis and evaluation of collected data with subsequent
selection of area for field reconnaissance;

3. Aerial and ground field reconnaissance of representative
borrow pits and quarries and potential sources of concrete
aggregate with sampling of selected representative materi-
als;

4. Limited laboratory testing to supplement available existing
data and to provide sufficiently detailed information to
assist in predicting suitability of potential aggregate
resources over broad areas;

5. Development and applications of a concrete aggregate sources
preliminary ranking system utilizing ASTM and SSPWC stand-
ards and specifications;

6. Cursory review of existing data on water availability and
land transportation facilities within the study area;
and

7. Depiction of data on large and small graphics and tables
and preparation of the report.

fumzn nATIONAL INO.
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1.3 STUDY APPROACH, METHODS, AND REPORT FORMAT

The study approach, as determined with SAMSO, was to 1) utilize
to the maximum extent possible existing data on aggregate
sources in each area, 2) obtain samples of representative poten-
tial aggregate source materials for laboratory testing and
3) assess critical physical/chemical properties and provide
laboratory data to support the results of the inventory and

ranking.

Collection of existing data from available sources was a primary
factor controlling the study approach. Data were collected from
many agencies, institutions, and individuals. Data collection
activities included trips to Reno and Carson City, Nevada,
Phoenix, Arizona, and Santa Fe, Albuquerque, and Socorro, New
Mexico. Principal sources of data directly pertaining to
concrete aggregate or related construction materials were the
state highway departments of New Mexico, Arizona, and Nevada,
and the United States Bureau of Reclamation. The majority of
this information is related to the use of sand and gravel for
asphaltic concrete or as select material or aggregate base
course in road construction. Many of the acceptance tests for
these types of construction materials are similar to those for

concrete aggregate.

Engineering and geologic criteria were used to analyze and
evaluate the existing data. Materials determined to be unsuit-
able for use as concrete aggregate were dismissed early from
further consideration, and potentially suitable material sources

were selected for further investigation.

f.u:nn NAYIOMAL ING.
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A field reconnaissance of the study areas was made to collect
additional necessary data and to verify conditions determined
during the review of existing information. During this phase of
the study, a number of existing quarries and borrow pits, as
well as other potential sources of concrete aggregate, were
examined. Data were collected from over 600 field stations;
both hard rock and basin-fill materials were sampled. Repre-
sentative samples of hard-rock sources were obtained from expo-
sures of fresh or slightly weathered material whenever possible.
Basin-fill materials were collected by channel sampling stream
cuts or other natural or manmade exposures. Where c¢ross sec-
tions of these materials were unavailable, samples were col-
lected from shallow hand-dug pits. The size of both hard-rock
and basin-fill samples collected for supplementary testing

ranged between 30 and 100 pounds.

A limited number of representative samples were selected for
laboratory testing and/or thin-section analysis. Testing was
designed to supplement existing data and emphasis was placed on
determining durability, soundness, and gradation. The plastic-
ity index of the fines resulting from the Los Angeles abrasion
test was determined for each limestone sample to detect the
presence of argillaceous material. The principal tests per-
formed were:

1. Resistance to Abrasion of Small Size Coarse Aggregate by Use
of the Los Angeles Machine (ASTM C131~69);

2. Soundness of Agqregates by Use of Magnesium Sulfate (ASTM
c88-73);

'fumm naviouaL NG
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3. Sieve or Screen Analysis of Fine and Coarse Aggregate (ASTM
C136-71); and

4, Plastic Limit and Plastic Index of Soils (ASTM D424-59).

Identification of the AREI study are presented in text form on
three 1:500,000 scale aggregate resource maps and as appendices.
The aggregate resource maps (Drawing 1 through 3) show the loca-
tion type and rank of all Class A and Class B aggregate sources
(Section 1.4, Ranking System); Class C materials are only gener-
ally depicted. Geologic symbols utilized on the Drawings relate

to locate stratigraphic and formation units where possible. A

conversion table to relate these to symbol nomenclature from
previous reports (e.g., FN-TR-18) is contained in Appendix G.
In addition, these maps show the location of Fugro National
field stations and the locations of representative aggregate
sources for which test data were available. Appendices contain
tables summarizing the basic data collected during the field
investigations, the results of Fugro National's supplemental
testing program, representative test data gathered from various
outside sources, an explanation of caliche development, the
Unified Soil Classification System, photographs of typical

materials sources, and a map symbol conversion table.

All contacts which represent distinct boundaries between geo-
logic material types (or classes of aggregate resources) are
shown as solid lines. Where the depicted data were extrapolated
beyond the limits of the source data, or where accuracy of the

data may be gquestionable, the contacts are dashed. Locally,

'fucnn NATIONAL INO.
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1

small deposits of one class of material are found in close
association with a larger deposit of a different class material. W

Due to scale limitations, these smaller deposits could not be

shown on the aggregate resource maps and have been combined with

the more prevalent material.

Several areas of restricted access exist within the study area
boundaries and have been identified on the aggregate resource
maps and in Sections 2.2, 3.2, and 4.2. 1Interpolation of data
was made into these areas from the literature and from infer-

aces arrived at by studying similar nearby deposits. National
and state parks, monuments, recreation areas, and designated
wildlife refuges were excluded from the study. No attempt was

made to interpolate data into them.

1.4 PRELIMINARY AGGREGATE RANKING SYSTEM

After completing field activities and compiling all data, a
system to preliminarily rank potentail concrete aggregate

sources was developed in order to describe the relative merits

of these potential sources. Consistent with available informa-
tion, the ranking system divides potential aggregate sources
into three classes: Class A, Class B, and Class C. This rank-
ing system and the specifications for each class of material are

presented in Table 1. The specifications for each class of

material are based on: 1) ASTM C33-74A Standard Specifications
for Concrete Aggregate, 2) SSPWC Part II Construction Sections
200-1.1, 1.4, 1.5, and 1.7, 3) a review of the literature

: applicable to concrete aggregates, 4) contacts with industrial

f.u:nn wATIONAL NG,
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producers of concrete aggregate, 5) contacts with consultants in
the field of concrete aggregates, and 6) sound engineering and

geologic judgment.

Since the majority of deposits being evaluated either lack test
data completely or were previously tested for their suitability
for some other purpose, this preliminary ranking system relies
heavily on qualitative evaluations based upon field observa-
tions. Field estimates of durability, soundness, gradation,
percentage of material types present, and caliche development

(Appendix D) were used extensively.

The general characteristics of Class A, Class B, and Class C

aggregate sources follow.

Class A

Potential sources of high-quality concrete aggregate not requir-
ing the use of special cements or admixtures. Only nominal pro-
cessing should be necessary to meet known requirements for con-
crete aggregate. However, additional testing and case history
studies will be needed to confirm adequacy and define exact

characteristics.

Class B

Potential source of possible concrete aggregate exhibiting one
or more undesirable characteristics which make it of poorer
quality than Class A aggregate. Detailed investigations will be
required to accurately determine aggregate suitability and prob-

able concrete characteristics. Where possible, this class of
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material was divided into subunits By and B2. Materials classi-
fied as By are considered to be generally adequate for concrete
aggregate having only one or two characteristics which cause
them to be ranked as Class B material. Those materials ranked
as By are considered to be probably suitable but have several
characteristics which may make them marginal for use as concrete
aggregate. Where these distinctions could not be made with

present information, the material is classified as Class B.

Class C

Material considered unsuitable for use as concrete aggregate.

1.5 CONCLUSIONS AND RECOMMENDATIONS

1.5.1 Conclusions

1. Sufficient volumes of material to satisfy the aggregate
requirements of the MX system appear to be available from a
variety of both basin-fill (borrow pit) and/or hard-rock
(quarry) sources within each of the three areas considered
by the AREI study (Figure 1). The materials suitable for
use as concrete aggregate in the NM-TSA and the N-CSA are
generally of a higher quality and are available in greater
quantities than those in ACSA. This is due to the wide-
spread occurrence in ACSA of highly weathered volcanic,
granitic, and metamorphic rocks and a general lack of
durable quartzite and carbonate units.

2, Depending upon the 1locations selected for the deployment
areas, more than one source or type of source may be re-
quired to provide the volumes of both sand and gravel
required by the MX system.

3. Utilization of aggregate in the quantities required by the
MX system during construction would increase by several
times the present level of aggregate production in each of
the three AREI study areas and would require the develop-
ment of deposits not presently being considered as materials
sources by local producers of concrete aggregate.

4. Processing to improve the aggregate will be required in most
instances. The nature and extent of processing necessary
will depend on the individual characteristics of the source
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selected to supply the material. At a minimum, it is ex~
pected that washing of the aggregate would be required. ]

5. Adequate supplies of surface water for washing aggregate are
only locally available within the three AREI study areas.
It is expected that the water necessary for aggregate plant
operation will come, for the most part, from ground-water
sources.

a. Fresh ground-water supplies in the NM-TSA are generally
confined to be the wedge-shaped, coarse-grained perme-
able zones in poorly consolidated basin-fill deposits :
along the flanks of mountain ranges. Beneath and i
extending basinward from the fresh-water supplies are !
extensive supplies of saline water. Depth to ground
water in alluvium ranges from 0 to 342 feet in the
Tularosa Basin and from 18 to 342 in Jornada del Muerto
Basin.

b. Fresh ground-water supplies within the A-CSA are found
in both basin-fill and rock aquifers. Depth to ground
water ranges from 50 to 100 feet below ground surface
adjacent to major drainages in the study areas to as
much as 1000 feet in some central basins.

c. Fresh ground-water supplies within the N-CSA are stored
in basin-fill and rock aquifers. Depths to water are
highly variable but generally will be the shallowest in
the central portions of valleys and will deepen toward
the mountains. Ground water in rock aquifers is stored
in both volcanic and sedimentary rocks. Artesian
conditions exist locally.

1.5.2 Recommendations !

1. Prior to final selection of deployment areas, a detailed
study of aggregate sources to be utilized during construc-
tion should be made. Such a study would provide information
on the relative economic aspects of the various sources and
provide additional information on the physical characteris-
tics of the deposits which could t en be used to develop
plant designs, mining methods, and concrete mix designs.
The nature and extent of such a study would depend upon the
locations selected for deployment areas, anticipated con-
struction methods, and any additional specifications estab-
lished for the concrete.

2. Highly angular aggregate such as that produced by a quarry-
ing operation requires more sand, cement, and water to
achieve efficient concrete workability than does an aggre-
gate with a majority of round or semiround particles. The
percentage of crushed rock allowed in a mix design has a
definite impact on the final cost of the concrete and should
be evaluated prior to final selection of aggregate sources.
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3. Prior to the beginning of construction, the materials to be
encountered during trench excavation should be investigated
to determine their suitability for use as a source of
concrete aggregate.

fman NATIONAL ING.

e e R —— i - o,




FN-TR-20D
17

2.0 NEW MEXICO-TEXAS STUDY AREA

2,1 SUMMARY OF AGGREGATE RESQURCES

This section presents a brief summary of the potential sources
of concrete aggregate found in the NM-TSA. They have been
grouped under their general type of deposit (basin fill or

hardrock) and are listed in decreasing order of suitability.

It should be noted that the composite alluvial units listed were
primarily established toc accommodate map-scale limitations and

frequently contain deposits which can supply significant quan-

tities of high-quality material.

2.1.1 Basin-Fill Deposits

1. Stream-Channel Deposits

- generally coarse dgrained, clean, suitably shaped, non-
cemented, free of deleterious coatings;

~ best quality materials found along streams which drain
quartzite or carbonate terrain; and

-~ due to relatively small size may require more than one
deposit to supply required volumes of material.

2. Santa Fe Formation

- composite alluvial unit comprised of flood-plain, stream-
channel, river-terrace, alluvial-fan, and pediment
deposits located along the Rio Grande River and its
tributaries;

- most heavily utilized source of aggregate in the NM-TSA;

- deposits are of various ages and origin and therefore
exhibit a wide variation in guality of materials;

- stream-channel deposits, younger river terraces, and
younger alluvial fans represent the best potential
sources of material; and

- high percentage of alkali reactive material.

3. Alluvial Pans

- widespread throughout the NM-TSA;
- contain large quantities of material;
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- best quality material found in deposit with cuartzite or
carbonate rock in their source area;

- older portions of alluvial fans frequently exhibit strong
caliche cementation and clay development; and

- materials grade from coarse-grained near mountain fronts
to finer-grained near valley centers.

Alluvial Deposits Undifferentiated

- composite alluvial unit comprised of alluvial fans,
pediments, river terraces, and stream-channel deposits;

- shown in areas where contacts between deposits are
gradational or too complex to show at map scale;

- best material sources are stream-channel deposits and
younger alluvial fans;

- deposits are of different ages and origin and exhibit a
wide variation in quality of material;

- best quality materials are found in deposits with quart-
zite or carbonate rocks in their source area; and

- older alluvial fan and pediment deposits frequently
exhibit strong caliche cementation and clay development.

2 Rock Units
Quartzite

- hard, durable, clean, nonreactive; and
- 1limited area of exposure - South Manzano Mountain.

San Andres Formation, Madera Limestone, Hueco Formation

- widespread within study area;

- thick to massively bedded, hard, durable limestones and
dolomites with localized horizons of sandstone, shale,
and evaporite;

- contain chert and dolomite which may be alkali reactive;
and

- rock unit selected depends on location of deployment
areas.

Carbonate Rocks Undifferentiated

- widespread within study area;

- thick to massive-bedded limestones and dolomites inter-
bedded with locally extensive sandstone and shale hor-
izon; and

~ contain chert and dolomite which may be alkali reactive.
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4. Yeso Formation

- basicaliv a sandstone and shale unit with as much as 50
percent limestone interbeds in the southern portion of
the study a:ea;

- limestone generally thin- to medium-bedded, argillaceous;
and

- contains chert and dolomite which may be alkali reactive.

5. Basalt

- limited testing indicates that these materials are
adequately durable and sound:;

- localized occurrences;

- includes flows, flow remnants, dikes, and plugs;

- generally vesicular, locally scoriaceous; and

- interstitial volcanic glass common, potentially alkali
reactive,

6. Granitic Rocks

- nonreactive;

- degree and depth of weathering highly variable; and

- majority of material observed at surface not considered
suitable for use as a source of crushed rock.

7. Volcanic Rock Undifferentiated

- intermediate tc acidic rocks occurring as flows, dikes,
plugs, airfall tuffs, ash flows, and agglomerates;

- not generally considered suitable for aggregate due to
low durability and excess of low density, soft particles;
and

- locally, materials with adequate durability do occur,
indicated on the aggregate resource map where recognized.

2.2 LOCATION AND DESCRIPTION

The NM-TSA is located in south-central New Mexico and extreme
western Texas (Figure 2). It includes portions of Otero, Lin-
coln, Dona Ana, Sierra, Socorro, Torrance, Chaves, and Valen-
cia counties, New Mexico, and El1 Paso and Hudspeth counties,
Texas. The study area is roughly rectangular in shape and com-
prises approximately 16,600 square nautical miles (nm2), of
this total, 2706 nm2 are included in WSMR, 1325 nm? in FBMR,

1062 nm2 in WSMRE, and the remaining approximately 11,500 nm?
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within the 30 miles boundary extension. Extending northerly
from El Paso, Texas, the NM~TSA has maximum north-south and

east-west dimensions of approximately 197 nm and 122 nm, respec-

tively. Areas of restricted access into which data have been
interpolated for this study include the FBMR and portions of the
Mescalero Apache Indian Reservation. Areas of restricted access
into which data have not been interpolated include White Sands
National Monument, San Andres National Wildlife Refuge, Bosque
Del Apache National Wildlife Refuge, and Jornada Experimental

Range.

The NM-TSA lies within the Mexican Highland section of the Basin
and Range Physiographic Province. Physiography is controlled
by, and strongly reflects, the underlying geologic structures.
This area is characterized by the eroded remnants of uplifted
fault-block mountains separated by down-dropped basins. Typi-
cally, closed-basin conditions predominate with primary and
secondary drainages terminating at playas in the central por-
tions of the basins. Valleys within the NM-TSA include the Rio
Grande River Valley, Jornada del Muerto, and Tularosa Basin in
New Mexico and the Hueco Bolson area of Texas. Major mountain
ranges in the study area include the San Andres, Oscura, Man-
zano, Sandia, Magdalena, Cabballo, and Sierra de las Uvas ranges
in New Mexico; the Franklin Mountains and Sacramento Front of

New Mexico and Texas, and the Hueco Mountains in Texas.

2.3 PRESENT PRODUCTION OF CONCRETE AGGREGATE ;

Current production of sand and gravel within the NM-TSA serves

the needs of the local construction industry and state and
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county highway department. The estimated yearly production by
commercial suppliers of screened sand and gravel within the NM-
TSA is less than 1.5 million cubic yards (yd3) per year. The
percentage of this total used as concrete aggregate is unknown.
The principal~use centers are located at Socorro, Las Cruces,

and Alamagordo, New Mexico, and El Paso, Texas.

Basin-fill deposits presently supply the bulk of all sand and
gravel utilized within the NM-TSA. Quarried rock is being em-
ployed as a source of concrete aggregate only where suitable
basin-fill deposits are absent, where basin-fill deposits are of
such low quality that quarried rock becomes economically compet-
itive, or to satisfy a particular construction specification,
The following table (Table 2) presents representative costs of
screened sand and gravel and transportation costs from various

localities within the NM-TSA.

Table 2

REPRESENTATIVE COSTS OF AGGREGATE IN THE NMTSA

Screened Concrete
Location Gravel* Sand Transport
Socorro, N.M. $5.00/yd. $4.00/yd. $.09/yard mile
Las Cruces, N.M. 4.65/vyd. 4.00/yd. .12/yard mile
Almagordo, N.M. 4.50/yd. (3/4") 4.00/yad. By Contract
El Paso, Texas 4.50/ton (quarry) 3.10/ton .06/ton mile

*Note 1" rock unless otherwise specified
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2.4 POTENTIAL SOURCES OF CONCRETE AGGREGATE

The literature search and field reconnaissance of the NM-TSA
have determined that numerous potential sources of concrete
aggregate are located within this study area. Sufficient
volumes of acceptable materials appear to be available from
either basin-fill or hard-rock sources to satisfy the require-

ments of the MX system.

2.4.1 Basin-Fill Deposits

The principal basin-fill sources of potentially acceptable con-
crete aggregate within the NM-TSA includes stream-channel depos-
its, the basin-fill deposits comprising the Santa Fe Formation,

undifferentiated alluvial deposits, and alluvial fans.

Central basin deposits in Jornada del Muerto, the Tularosa
Basin-Hueco Bolson area, and other localities in the NM-TSA
({Drawing 1) were ranked as Class C material due to the fine-
grained nature of the soils, the abundance of soluble sulfates
(gypsum) present, and the strong caliche development in these
materials. Stream-channel deposits in these areas may produce
limited quantities of fine- to medium-grained sand suitable for

use as filler material.

2.4.1.1 Stream-Channel Deposits - Aal

Stream-channel deposits are frequently utilized as a source of
sand and gravel by commercial producers of concrete aggregate in
the NM-TSA, The deposits vary from heterogeneous mixtures of
sand, gravel, cobbles, and boulders near mountain fronts to

fine-grained sands, silts, and clays near valley centers and

'li.u:lm NATIONAL MO,




FN-TR-20D

along major drainages such as the Rio Grande and Rio Puerco
rivers (Drawing 1). The quality of the material found in
stream-channel deposits reflects the properties of the rock
types located in the stream's source area and along its course;
the deposits have been ranked accordingly. Near mountain
fronts, where stream gradients are high, stream-channel deposits
are generally coarse-grained, noncemented, free of deleterious
coatings, suitably shaped, contain a low percentage of silt and
clay fines, and are relatively durable; the soft and friable
materials having been removed by the natural abrasive action of
stream transport (Appendix F). Further from the mountain
fronts, suitable sources of sand may be located. Material de-
posited by streams near valley centers or on the flood plains
of major drainages are generally too fine-grained to make ac-
ceptable aggregate. Many stream-channel deposits are self-
renewing with a fresh supply of sand and gravel being carried

downstream during periodic cloudbursts.

While these deposits contain sufficient quantities of material
to meet the current needs of local users, the great majority of
deposits are inadequate to supply the gquantities of material
required by the MX system. However, several such deposits
located around a deployment area could supply the necessary
volume of aggregate. Due to their relatively small size, most
stream~channel deposits have been included within one of the
larger composite map units categories shown on the aggregate

resource map.
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2.4.1.2 Sante Fe Formation - Asf

The alluvial deposits comprising the Santa Fe Formation are the
most heavily utilized sources of sand and gravel in the NM-TSA.
These units are found along the Rio Grande River and its tribu-
taries and are therefore adjacent to several of the major use
centers in the study area (Drawing 1). Commercial aggregate
producers have located a number of borrow pits within this
formation and, state and county road departments use it exten-
sively as a source of aggregate base course and select material
for road construction. Most commercial production of aggregate
from the Santa Fe Formation comes from stream-channel deposits,
younger river-terrace deposits, and alluvial fans consisting of
reworked older Santa Fe materials. These deposits are usually
coarse-grained, unconsolidated, contain a low percentage of silt
and clay fines and lack the strong caliche cementation and
coatings which are typical of the older deposits of the forma-

tion.

Included within the Santa Fe Formation are flood-plain, stream-
channel, river-terrace, alluvial fan and pediment deposits which
have been divided into two distinct members; an upper coarse-
grained pediment, terrace, and alluvial fan sequence, and a
lower finer-grained terrace and flood-plain deposit. The de-
posits comprising these two members are of different ages and
have many different source areas; consequently, they exhibit a
wide variation in degree of induration and quality of material.
Where the Rio Grande River is a considerable distance from the

mountain fronts, the materials within the Santa Fe Formation
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consist of hard, durable, semiround to round particles of the
more resistant rock types found upstream. A high percentage of i

potentially alkali reactive volcanic particles are found within

these deposits. Where the river is closer to the mountain
fronts, the materials reflect the rock types in the closest
source area. Among these deposits, the most durable materials
are found where carbonate rocks predominate in the source area.
The degree of caliche development found in the Santa Fe Forma-
tion ranges from none to Stage IV (Appendix D) and usually in-
creases with the age of the deposit and the proximity to a
carbonate source area. Deposits bordering mountain ranges con-
taining carbonate rocks commonly exhibit Stage III or Stage IV
caliche development at relatively shallow depths below the

ground surface.

Due to the widespread occurrence of potentially alkali reactive
material and the variable nature of caliche development within
individual deposits, the Santa Fe Formation has been ranked as

Class B material.

2.4.1.3 Alluvial Fans - Aaf

Alluvial fans flanking mountain fronts are widespread throughout
the NM-TSA, (Appendix F) and contain some of the best and most

extensive reserves of sand and gravel in the study area. Numer-

ous borrow pits have been located in these deposits to supply
the needs of the local construction industry and to provide

material for road maintenance.
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Alluvial fan deposits are generally poorly sorted, heterogeneous
to poorly stratified mixtures of boulders, cobbles, gravel,
sand, silt and clay. They exhibit steep to moderate slopes,
become finer grained with decreased stream gradient, and are

dissected by numerous braided streams and arroyos (Appendix F).

The quality of the material in this deposits depends on their
parent rock, distance from their source areas, and their rela-
tive age. The older portions of fans commonly contain more
decomposed clasts and have a high percentage of clay minerals
produced by inplace weathering of the deposit. The best source
areas within active alluvial fan deposits are near mountain
fronts where stream gradients are high and coarse-grained clean
materials are deposited. These areas also contain the youngest
fan materials, so caliche development is at a minimum. Further
from the mountain front, deposits of finer-grained material may
be located. In the older portions of alluvial fans, and where
source rocks are predominantly carbonates, strong caliche cemen-
tation was observed with Stage II1 to Stage IV caliche develop-
ment occurring from 1 to 10 feet below the fan surface. At
these depths, alluvial fan materials are well consolidated, con-
tain excess carbonate as deletereous coatings, and are not
considered suitable for use as concrete aggregate. However,
the layer of poorly to noncemented material overlying the
calichified zone may produce acceptable aggregate. The ranking
assigned to the various alluvial fan units within the NM-TSA
reflect the quality of surface or subsurface materials contained

in the deposit and the extent of caliche development.
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2.4.1.4 Alluvial Deposits Undifferentiated - Au

The best potential sources of concrete aggregate within this
unit are to be found in stream-channel deposits and in the
younger portions of alluvial fans near mountain fronts where
materials are coarse grained, have a low percentage of silt and
clay fines, and a minimum amount of caliche development. At
present, the only significant production of sand and gravel from
materials shown as alluvial deposit undifferentiated in the NM-
TSA comes from small borrow pits which supply aggregate for road

maintenance and construction.

The principal deposits comprising this map unit are pediments
and alluvial fans with associated stream-channel deposits and
local river terraces. These deposits have been grouped together
as undifferentiated in areas where contacts are gradational or
too complex to show at map scale. These deposits are of differ-
ent ages and origin and exhibit a wide variation in quality of
material. In general, the most durable materials are found
where quartzite or carbonate rocks occur in the source area, or
where other materials have been transported sufficiently far to
remove the softer particles. Volcanic materials are dominant in
deposits west of the Rio Grande River, while limestone and dolo-
mite are the most prevalent east of the river. Pediments and
the older portions of alluvial fans frequently exhibit Stage II
to Stage IV caliche development at 1 to 10 feet below the ground

surface.
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The widespread occurrence of potentially alkali reactive materi-
al and the variable nature of caliche development found within

individual deposits makes this unit Class B material.

2.4.2 Rock Units

The principal hard-rock (quarry) sources of potentially accept-
able concrete aggregate within the NM-TSA (Drawing 1) include
quartzite, the San Andres Limestone, the Madera Limestone, the
Hueco Limestone, carbonate rocks undifferentiated, the Yeso
Formation, basalt, granitic rocks, and undifferentiated volcanic
rocks. Each of these units are briefly characterized in the

following pages.

2.4.2.1 Quartzite - Qtz

The only significant deposits of quartzite found within the NM-
TSA are located along the west side of the South Manzano Moun-
tains. Deposits typically occur as long, narrow lenses or
"reefs" varying from a few feet to over 1000 feet in width and
as much as a mile or more in length. Typically, the quartzites
are white to gray with local red, brown, and purple zones and
are composed of 90 to 100 percent quartz grains with traces of
muscovite, ciotite, and sericite. Where observed during the
field reconnaissance, the quartzites are very hard, highly frac-
tured, durable rocks. At present, there is no known significant
production of aggregate from this unit; however, it should make
an excellent source of nonreactive crushed rock and has been

ranked as Class A material.
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2.4.2.2 San Andres Formation - Psa

The San Andres Formation is the most widely distributed lime-
stone unit in the NM-TSA. It represents an extensive potential
source of high-quality, crushed rock. Los Angeles abrasion and
soundness values reported by the New Mexico Highway Department
(NMHD) for the San Andres Formation vary considerably, but they
are usually well within ASTM and the SSPWC specification limits
for concrete aggregate. Due to the low demand for aggregate in
the NM-TSA and the isolate nature of most exposures, present
production of crushed rock from the San Andres Formation is lim-
ited to small gquarries providing material for road construction

where basin-fill deposits are lacking or are of poor quality.

In the NM-TSA the San Andres Formations varies from a thick-
bedded, pure crystalline limestone and dolomite, to thin-bedded,
argillaceous, cherty lime with very thin shale partings, to
massive bedded gypsum. In the Chupedera Mesa area (Drawing 1),
this formation has been divided into a thick, lower limestone
sequence, a thick, middle gypsum member, and a thin, upper lime-
stone member. The areas in which gypsum has been recognized,
roughly from Tularosa north, have been excluded as unsuitable
for concrete aggregate. Care should be taken when selecting a
site for crushed rock to avoid zones of contamination with

shale, mudstone, chert, and gypsum.

Due to presence of potentially alkali reactive material, the San

Andres Formation has been ranked as Class B material.
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2.4.2.3 Madera Limestone - Pm

The Madera Limestone member of the Sandia Formation is a dark-
gray, thick- to massively bedded, hard, cliff forming unit con-
sisting of fossiliferous limestone, dolomite, and dolomitic
limestone with thin interbeds of sandstone, shale, and chert.
It is expressed as a prominent topographic feature along the Rio
Grande River Valley in the northern portion of the study area

(Drawing 1).

Due to the rugged nature of the mountains underlain by this
unit, it has seen little use as a source of aggregate; however,
if care is taken to avoid zones ©of shale, sandstone and chert,
it should provide a good source of crushed rock. The presence
of potentially alkali reactive material makes the Madera Lime-

stone Class B material.

2.4.2.4 Hueco Formation =~ Ph

The Hueco Formation represents a large potential source of high-
guality, crushed rock in the southeastern portion of the study
area (Drawing 1). The bulk of present production from this unit
occurs from quarries located in the Hueco Mountains. A number
of other widely scattered small quarries in this unit provide

material for road maintenance and construction.

The Hueco Formation consists of limestone with interbedded
conglomerate and shale. The limestone is typically light gray,
thinly bedded to massive, cherty and fossiliferous with minor
dolomite horizons. In the south-east and central portions of

the study area, the limestone member is a prominent unit and is
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mapped separately but it thins to the north and west and there

it is grouped within the undifferentiated carbonate unit.

Due to the presence of dolomita2 and opaline chert which may be

alkali reactive, this unit has been ranked as Class B material.

2.4.2.5 Carbonate Rock Undifferentiated - Cau

The carbonate rocks undifferentiated unit is widespread through-
out the NM-TSA, and represents an extensive potential source of
crushed rock. The bulk of present production from this unit
occurs in the El1 Paso, Texas, area where it is used as a source
of coarse aggregate. Elsewhere in the NM-TSA production is lim-
ited to small quarries, usually established to provide materials

for a specific job where basin fill sources were lacking.

The rock units grouped as carbonate rocks undifferentiated
include thick sequences of limestones and dolomites interbedded
with locally extensive sequences of shale and sandstone (Appen-
dix F). The carbonate rocks are typically light- to dark-gray,
thin- to massively bedded, cherty and fossiliferous. These
rocks are generally hard, durable, and are the competent units
that underlie many of the major topographic features in central

New Mexico.

Quarries located to avoid zones of sandstone, shale, and other
contaminants should be capable of producing large quantities of
acceptable crushed rock. Due to the presence of potentially
alkali reactive material and localized horizons of low durabil-
ity sedimentary rocks, this unit has been ranked as Class B

material.
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2,4,2.6 Yeso Formation - Py

Present production of crushed rock from this unit is limited to
small quarries which provide material for road construction and
maintenance. The Yeso Formation consists of interbeds of lime-
stone, sandstone, siltstone, shale, and gypsum. This formation
outcrops throughout the study area but has only been shown as a
potential aggregate source in the southern section (Drawing 1)
where it may be as much as 50 percent limestone. In this area,
the carbonate portions of the Yeso Formation consist of light-
to dark-gray, thin- to medium-bedded, argillaceous limestone and
dolomite with sandstone lenses and chert. Elsewhere within the
NM-TSA, the Yeso Formation contains only occasional horizons of
gray, thin-bedded, argillaceous limestones. These horizons,
where tested by the NMHD, were usually durable enough for con-
crete aggregate but are of limited extent and may contain other

impurities which would make siting a source area difficult.

The widespread occurrence of soft clastic sedimentary units and
the presence of potentially alkali reactive materials make the

Yeso Formation Class B or B material.

2.4.2.7 Basalt - Vb

Due to the remote location of most exposures, basalt is not
being extensively utilized as a source of crushed rock in the
NM-TSA. Limited test results show the basalt to be adequately
durable and sound with low to moderate material losses in the
L.A. abrasion and MgSO4 soundness tests. Basalts are frequent-

ly vesicular and may be scoriaceous (greater than 50 percent)
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vesicles near the tops of flows. These materials would have to
be avoided or removed before the deposit could be effectively
quarried. Thin section analyses indicate that the basalt in the
NM-TSA frequently contains interstitial glass and, as a result,

may be alkali reactive.

Due to the vesiclar nature of most exposures and the presence of
potentially alkali reactive material, basalts in the NM-TSA are

ranked as Class B or B; material.

2,4.2.8 Granitic Rocks - gr

Granitic rocks found within the NM-TSA represent a potential
source of nonreactive crushed rock; however, the extent to which
they may be utilized as concrete aggregate is strongly dependent
on the degree and depth to which they have been weathered.
There is presently no known production of crushed rock from

granitic sources in the study area.

The granitic rocks include intrusive and metamorphosed intrusive
rocks (granite, gquartz monzonite, dgranite gneiss) of several
different ages. They are typically light-colored, fine- to
coarse grained, silicious to intermediate in composition, and
locally exhibit a gneissose or schistose structure near contacts
and faults. Where observed in outcrops these rocks are moder-
ately to highly weathered and are not considered to be a suit-
able source of crushed rcck. Exposures seen in natural or
manmade cuts at depths to 40 feet are moderately weathered to
fresh and may be hard and durable. In general, the younger the

rock unit the less weathered and more durable it is.
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Due to the high degree of w:athering observed at the surface,
and the uncertain depths to which the weathering extends below
the surface, the granitic rock in the NM-TSA has been ranked as

Class B or B; material.

2,4.2.9 Volcanic Rocks Undifferentiated - Vu

Extensive exposures of intermediate to acidic extrusive and
shallow intrusive rocks occurring as a series of flows, dikes,
plugs, airfall tuffs, ash flows, and agglomerates are found
within the NM-TSA. As a rule, these materials are not consid-
ered to be adequate as a source of crushed rock due to a lack of
durability and a high percentage of low density, friable, and
porous material. However, materials with adequate durability
are present locally and have been indicated (Drawing 1) where
identified. Due to the presence of potentially alkali reactive
material and possible contamination by soft or friable parti-

cles, this unit has been ranked as Class Bj.
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3.0 ARIZONA-CALIFORNIA STUDY AREA

3.1 SUMMARY OF AGGREGATE RESOQURCES

This section presents a brief summary of the potential sources
of concrete aggregate found in the A-CSA. They have been
grouped under their general type of deposit (basin £ill or hard

rock) and are listed in order of decreasing suitability.

It should be noted that the composite alluvial units were pri-
marily established to accommodate map-scale limitations and
frequently contain deposits which can supply significant gquan-

tities of high-quality material.

3.1.1 Basin-Fill Deposits

1. Stream-Channel Deposits

- generally coarse grained, clean, suitably shaped, non-
cemented, and free of deleterious coatings;

- through-going drainages and widespread volcanics in the
A-CSA result in potentially alkali reactive material
occurring in most large drainage; and

- due to relatively small size, may require more than one
deposit to supply the required volume of material.

2. River Terrace Deposits

- located along major drainages in the A-CSA;

- comprised of rounded clasts. or the more durable rock
types located upstream;

- generally capped b a caliche horizon of variable thick-
ness; , ’

- contain potentially alkali reactive materials; and

- additional deposits of unknown extent may be covered by
blow-sand along the Gila River.

3. Alluvial Fans
- best material sources are near mountain fronts where

materials are coarse-grained and non- to poorly cemented;
- materials grade from coarse-grained near mount
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fans located along mountain fronts containing granitic or
metamorphic rock are frequently poorly developed and
contain low durability materials; and

older alluvial fans commonly exhibit strong caliche
cementation and clay development.

Alluvial Deposits Undifferentiated

2.

composite alluvial unit comprised of alluvial fans,
pediments, river terraces, and stream-channel deposits:;
shown in areas where contacts between deposits are grada-
tional or too complex to show at map scale;

deposits are of different ages and origin and exhibit a
wide variation in quality of material;

older alluvial fans and pediment deposits frequently
exhibit strong caliche cementation; and

best material sources are stream-channel deposits and
younger stream terraces or alluvial fans.

Rock Units

Basalt

limited testing indicates rock may be sufficiently
durable and sound;

includes flows, flow remnants, dikes, and plugs;
generally vesicular, locally scoriaceous and may have low
specific gravity and/or be porous;

volcanic glass and zeolites common, potentially alkali
reaction; and

may contain caliche coatings along joints which may be
extensive.

Granitic Rock, Gneiss, and Associated Metamorphic Rocks

nonreactive;

degree and depth of weathering highly variable;

most material exposed at surface is not considered to be
a suitable source of crushed rock:; and

locally, gneiss exhibits well-developed, closely spaced
foliation.

Sedimentary Rocks Undifferentiated

isolated exposures of limited extent;
predominantly highly fractured limestone;

contains potentially alkali reactive material; and
locally metamorphosed.
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3.2 LOCATION AND DESCRIPTION

The A-CSA is located in southwestern Arizona and southeastern
California (Figqure 3). It includes portions of Yuma, Mohave,
Pima, Pinal, Yavapai, and Maricopa counties, Arizona, and Impe-
rial, Riverside, and San Bernardino counties, California. The
study area is roughly square in shape and comprises approximate-
ly 20,100 nm2. Of this total, 1900 nm2 are included in the YPG,
3230 nm2 in LBGR, 2900 nm? in GBG, and the remaining approxi-
mately 12,070 nm?2 within the 30-mile extension. Extending
northerly from the United States-Mexican international boundary,
the A-SCA has maximum north-south and east-west dimensions of
approximately 168 nm and 169 nm, respectively. Areas of re-
stricted access into which data have been interpolated for this
study include YPG, San Cristobal Valley within LBGR, and the
Papago, Maricopa, Gila River, Gila Bend, Colorado, and Yuma
Indian Reservations. Areas of restricted access into which data
have not been interpolated include the Kofa Game Range, Cibola
National Wwildlife Refuge, Imperial National Wildlife Refuge,
Cabeza Prieta Game Range, Organ Pipe Cactus National Monument,
Havasu National Wildlife Refuge, Lake Havasu State Park, White

Tank Mountains, and Buckeye Cooperative Regional Parks.

The A-CSA lies mainly within the Sonoran Desert section of the
Basin and Range Physiographic Province. The northernmost
portion of the study area intrudes into the Mexican Highland
saction of the Basin and Range Physiographic Province, and a
small portion in the vicinity of Yuma lies within the Salton

Trough section. The physiography is controlled by, and strongly
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reflects, the underlying geologic structure. The study area is
characterized by the eroded remnants of uplifted fault-block
maountains separated by down-dropped basins. The mountain
ranges are rugged and exhibit predominantly north to northwest
trends. However, the northernmost ranges of the study area
align east to west and northeast. The valleys are generally
broad and elongate with gently sloping surfaces grading toward
the basin interiors. Major drainages within the A-CSA include

the Colorado, Gila, Bill Williams, and Santa Maria Rivers.

3.3 PRESENT PRODUCTION OF CONCRETE AGGREGATES

Current production of sand and gravel within the A-CSA serves
the needs of the local construction industry and state and coun-
ty highway departments. The estimated yearly production by com-
mercial suppliers of screened sand and gravel within the A-CSA
is less 1.5 million yd3 per year. The percentage of this total
used as concrete aggregate is unknown. There are no large scale
producers of sand and gravel within ACSA. The nearest large
aggregate producers are located in the Phoenix, Arizona area
east of the study area. Principal use centers are located at
Yuma, Buckeye, and Gila Bend, Arizona and Blythe, California.
During the field reconnaissance of ACSA most sand and dgravel
operations were observed to be using stream channel deposits,
river terrace deposits, or alluvial fan deposits as material
sources. Quarries were noted in the Aztec Hills near Dateland,
Arizona and at a small isolated bedrock knob southwest of
Winterhaven, California; both were inactive. The following

table (Table 3) presents representative costs of screened sand
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and gravel and transportation costs at various localities within
the A-CSA.

TABLE 3

Representative Costs of Aggregate in the A-CSA

Screened Concrete
Location Gravel* Sand Transport
Yuma, A2 $4.40/ton $4.40/ton $.08/ton mile
Gila Bend, AZ 5.58/yd. 7.10/yd. By contract
Buckeye, AZ 4.15/ton 4.80/ton $.09/ton mile
Blythe, CA 5.10/ton 5.10/ton $.10/ton miles

* Note 1" rock unless otherwise specified

3.4 POTENTIAL SOURCES OF CONCRETE AGGREGATE

Potential sources of concrete aggregate exist within the A-CSA,
however, they are neither as abundant nor of as high a quality
as materials observed in the NM-TSA and the N-CSA. Sufficient
volumes of acceptable material to supply the requirements of the
MX system appear to be available in the study area, however,
depending on the location of the deployment areas selected it
may be necessary to haul aggregate furtcher than in the NM-TSA

and the N-CSA or to use a higher percentage of crushed rock.

3.4.1 Basin-Fill Deposits

Suitable basin-fill sources of concrete aggregate are of rela-
tively limited extent within the A-CSA due to the high percent-
age of granitic and metamorphic source rocks found in the study
area which break down quickly and produce weathered particles of
low durability and clay minerals. With the exception of stream-

channel deposits and younger alluvial fans, most basin-fill
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deposits observed in the A~-CSA exhibit a moderate to strong
amount of caliche development at relatively shallow depths below
the ground surface. A number of older alluvial deposits tested
had MgSO4 soundness losses in excess of 15 percent due to the
presence of caliche coatings. Where it was felt that these test
results might not be indicative of an entire deposit the materi-
al was classified as Class B material and is shown as such on

the aggregate resource map (Drawing 2).

Central basin deposits in the A-CSA were ranked as Class C ma-
terial due to the fine-grained nature of the soil, the occur-
rence of various evaporative salts in the soil, and the frequent
presence of extensive caliche deposits at shallow depths.
Stream-channel deposits in these areas may produce limited
quantities of fine- to medium-grained sand suitable for use as

filler material.

3.4.1.1 Stream-Channel Deposits -~ Aal

Stream-channel deposits are frequently utilized as a source of
sand and gravel by aggregate producers in the A-CSA. These de-
posits vary from heterogeneous mixtures of sand, gravel, cob-
bles, and boulders near mountain fronts to fine-grained sands,
silts, and clays near valley centers and along major drainages
such as the Gila and Colorado Rivers (Drawing 2). The quality
of the material found in stream-channel deposits reflects the
properties of the rock types located in the stream's source area
and along its course, and the deposits have been ranked accord-

ingly. Due to the through-flowing nature of most drainages and
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the widespread occurrence of intermediate and acidic volcanics
in the A-CSA, the materials found along the larger stream
channels in the study area should be considered potentially
alkali reactive. Near mountain fronts where stream gradients
are high, stream-channel deposits are generally coarse-grained,

noncemented, free of deleterious coatings, suitably shaped,

contain a low percentage of silt and clay fines, and are rela-
tively durable (the soft and friable materials having been
removed by the natural abrasive action of stream transport).
Further from the mountain fronts, suitable sources of sand may
be located. Material deposited by streams near valley centers
or on the flood plains of major drainages are generally too
fine-grained to make acceptable aggregate. Many stream-channel
deposits are self-renewing with s fresh supply of sand and grav-

el being carried downstream during periclic cloudbursts.

The majority of stream~channel deposits in the A-CSA are not
individually large enough to supply the gquantity of material re-
quired by the MX system. However, several such deposits located |
around deployment area could supply the necessary volume of

aggregate.

Due to their relatively small size, most stream-channel deposits

have been included within one of the larger composite materials ]

categories shown on the aggregate resource map (Drawing 2).

3.4.1.2 River Terrace Deposits - At

River-terrace deposits along the Gila and Hassayampa rivers

represent a locally extensive source of potentially acceptable
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concrete aggregate. A number of small borrow pits have been
developed in these deposits. Most are inactive or used only
periodically to supply the requirements of local construction
projects. The materials within these deposits consist of hard,
durable, semiround to round particles of the more resistant rock
types found upstream. A high percentage of potentially alkali
reactive volcanic particles are found throughout this unit.
Usually at less than a 1-foot depth, there occurs a zone of
Stage II to Stage IV caliche development. Locally, zones of
heavy caliche cementation occur at various depths on stratified
unconsolidated sand and gravel. MgSO4 soundness tests run on
these calichified surface materials show losses in excess of 15
percent due to the presence of caliche coatings. Therefore,
surface materials and zones of strong caliche development are
not considered suitable for use as concrete aggregate. However,
it may be practical to strip off the overlying calichified

material and use the underlying sand and gravel.

River-terrace deposits along the Gila River in the vicinity of
Gila Bend and Dateland, Arizona, are overlain by a layer of
loose blow-sand. Further investigation in these areas may un-

cover significant additional quantities of acceptable material.

Due to the widespread occurrence of potentially alkali reactive
material and zones of strong caliche development, this unit has

been ranked as Class B material.
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3.4.1.3 Alluvial Fans - Aaf

Alluvial fans are found flanking many mountain fronts in the
A-CSA. Acceptable aggregate can be produced from selected
deposits in the study area, however, due to the marginal nature
of much of this material, careful exploration and testing would
be required to prove out adequate reserves of suitable aggre-

gate.

These deposits are generally poorly sorted, heterogeneous to

poorly stratified mixtures of boulders, cobbles, gravel, sand,
clay, and fines (Appendix E). They exhibit steep to moderate
slopes, become finer grained with decreased stream gradients
toward the valley center and are dissected by numerous braided

streams and arroyos.

The quality of the material found in these deposits for use as
concrete aggregates varies with the rock types in their source
areas. The best source of materials within active alluvial fan
deposits is near mountain fronts where stream gradients are high
and coarse-grained, clean materials are deposited. These areas
also contain the youngest fan materials, so caliche development
is at a minimum. Due to the rapid decomposition of granite and
granite gneiss rock units and the weathering of feldspars to
clay, alluvial fans are poorly developed along mountain ranges
composed of these rock types. Alluvial fans fronting mountain
ranges containing schists or gneiss with strongly developed
foliation or segregation banding commonly contain an excess of
platy, elongate, or smooth particles, and the possible presence

of chlorite minerals is considered to be high. The relative
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age of the fan also affects material quality; older portions of
fans commonly contain more decomposed clasts and have a higher

percentage of clay materials.

In older alluvial fans, and where source rocks are predominantly
carbonates, strong caliche cementation was observed with Stage
II to Stage IV caliche development occurring from 3 to 10 feet
below the fan surface. At these depths, alluvial fan materials
are well-consolidated, contain excess carbonate as deleterious
coatings, and are not considered suitable for use as concrete
aggregate. However, the layer of poorly to noncemented material

overlying the calichified zone may produce acceptable aggregate.

The rankings assigned to the various alluvial fan units in the
N~-CSA reflect the quality of the materials contained in the

deposit and the extent of caliche development present.

3.4.1.4 Alluvial Deposits Undifferentiated - Au

The best potential sources of concrete aggregate within this
composite alluvial unit are to be found in stream-channel de-
posits and in younger alluvial fans and river terraces. These
materials are generally coarse-grained, have a low percentage of
silt and clay fines, and have a minimum amount of caliche devel-
opment. At present, the only known production of sand and grav-
el from this unit comes from small borrow pits which supply

aggregate for road maintenance and construction.
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The principal deposits comprising this map unit in the A-CSA are
pediments, river terraces, and alluvial fans. These deposits
have wveen grouped together as undifferentiated in areas where
contacts are gradational or too complex to show at map scale.
Pediments, older river terraces, and the older portion of allu-
vial fans, where observed, frequently exhibited Stage II to
Stage IV caliche development from 3 to 10 feet below the
ground surface. Locally, MgSO4 soundness tests performed on
these materials showed losses in excess of 15 percent resulting
from the presence of caliche coatings. Due to the limited
number of tests performed and the variable extent of caliche
redevelopment at difterent localities in this unit, these test
results are not considered to be representative of all the
deposits in this group. However, they do indicate the need for
a careful exploration and testing program to locate ..a accept-

able source of concrete aggregate in this unit.

The widespread occurrence of potentially alkali reactive materi-
al and the variable nature of the caliche development found

within individual deposits makes this unit Class B material.

3.4.2 Rock Units

The principal hardrock (quarry) sources of potentially accept-
able concrete aggregate within the A-CSA (Drawing 2) include
basalt, granitic rocks, gneiss and associated metamorphic rocks,
and sedimentary rocks undifferentiated. Each of these units are

briefly characterized in the following pages.
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3.4.2.1 Basalt - Vb

Due to the remote location of exposures and the current low de-
mand for aggregate, basalt is not presently being utilized as a
source of crushed rock in the A-CSA. Limited test results show
basalt to be adequately durable and sound with low to moderate
material losses in the Los Angeles abrasion and MgSO4 soundness
tests. The basalts are frequently vesicular and may be scori-
aceous (greater than 50 percent vesicles) especially near the
tops of flows. This material would have to be avoided or
removed before the deposit could be effectively quarried. Thin-
section analyses indicate that basalts within the N-CSA fre-
quently contain interstitial glass and, as a result, may be

alkali reactive.

Two ages of basalt are recognized in the A-CSA, a younger group
of flat-lying flows and an older sequence which is extensively
eroded and block-faulted (Appendix F). Weathering of these
units produces bouldery masses and talus slopes which mantle the

sides of the so-called "Malpais Hills" within the study area.

The surfaces of many of these basic flow rocks (particularly the
older tilted series) may be decomposed into a sticky, plastic
clay. Road cuts through both the younger and older flows show
these materials to be extensively fractured with considerable
caliche coatings along joints. Locally the basalts contain
interbeds of sedimentary material, tuff, or volcanic agglomer-

ate.
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Due to the presence of potentially alkali reactive volcanic
glass and the vesicular nature of the rock, basalt in the A-CSA

has been ranked as Class B or Bj material.

Extensive exposures of intermediate to acidic extrusive and
shallow intrusive rocks occuring as a sequence of flows, dikes,
plugs, airfall tuffs, ashflows, and agglomerates are widespread
in the A-CSA. These rocks are frequently highly altered, erod-
ed, and fractured. As a rule, these materials are not consid-
ered to be adequate as a source of crushed rock due to a lack of
durability and a high percentage of low density, friable, and
porous material. However, isolate rock units within these
volcanics may provide limited gquantities of suitable material.
Due to the isoclated nature and very limited extent of these
acceptable materials, they have not been indicated on the A-CSA

aggregate resource map.

3.4.2.2 Granitic Rock - gr

The granitic rocks found within the A-CSA represent a potential
source of nonreactive crushed rock, however, the extent to which
they may be utilized as concrete aggregate is strongly dependent
on the degree and depth to which they have been weathered. Dur-
ing the field reconnaissance, only one small gquarry was observed

in this material.

Granitic rocks include both intrusive and metamorphosed intru-
sive units such as granites, quartz monzonite, monzonite, and
granite gneiss. They are typically light-colored, medium- to

coarse-grained, and silicious to intermediate in composition.
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The degree and depth of weathering of these rocks is extremely

variable throughout the A-CSA.

Wwhere observed in outcrops, the majority of granitic rocks were
moderately to highly weathered and were not considered to be a
suitable source of crushed rock (Appendix F). Exposures seen in
road cuts and in the guarry were moderately weathered to fresh

at depths ranging from 3 to 40 feet below the ground surface.

Due to the high degree of weathering observed at the surface and
the uncertain depths to which the weathering extends below the
surface, most granitic rock in the A-CSA have been ranked as

Class B or By material.

3.4.2.3 Gneiss and Associated Me :amorphic Rocks =~ gn

Gneiss and associated metamorphic rocks represent a potential

source of nonreactive crushed rock; the extent to whicn they may
be utilized as a material source is strongly dependent on the
depth and degree of weathering and the extent to which they are
foliated. During field reconnaissance, one inactive quarry in

this material was observed.

The rock included within this unit ranges from granite gneiss
consisting of coarse, equidimensional quartz and feldspar grains
with slight to moderate foliation to typically banded gneiss
which exhibit both strong mineral segregation and foliation.
Where observed in surface exposures,these rocks were moderately
to very weathered and were not considered to be a suitable

source of crushed rock. Several deep cuts in these materials
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observed along U.S. Interstate 8 and in the quarry expose fresh
to slightly weathered rock between 10 and 40 feet below ground

surface.

Where foliation (e.g., banding) 1is poorly developed or widely
spaced, fresh material from this unit can produce suitable
crushed rock. When foliation is closely spaced or where the
rock has become schistose or phyllitic in character, it is
considered an unsuitable source of material and may be poten-
tially alkali reactive. Localized, irregularly shaped bodies of
mafic metamorphics associated with gneiss may contain chlorite
'minerals which, when placed in concrete, can be detrimental to

structural steel.

Due to the high degree of weathering observed at the surface and
the variable extent to which foliation may be present in this
unit, the majority of gneissic rock in the A-CSA has been ranked

as Class B or By material.

3.4.2.4 Sedimentary Rocks Undifferentiated - Su

The majority of the material in this unit is durable enough to
make an acceptable source of crushed rock. However, due to the
limited exposures of this unit and its isolated nature, it is
not expected to provide large or continuous quantities of

material.

Rock units grouped within this category are primarily limestones

and dolomites with associated quartzites and interbedded shale,
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sandstone, and conglomerate. The limestone is typically light-
to dark-gray, thin- to massively bedded, cherty, and fossilifer-
ous. Where present, the associated quartzites have been grouped
with the limestones because individual outcrops are not exten-
sive enough to be shown at map scale. The quartzites are
commonly white to red-brown, medium- to thick-bedded, and of
variable hardness. As a group these rocks have been faulted,

tilted, and locally metamorphosed.

Due to the presence of potentially alkali reactive material and
the locally highly deformed nature of these rocks, this unit has

been ranked as Class B or B, material.
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39. AZ-39 109. AZ-109 179.
40. AZ-40 110. AZ-110 180.
4. AZ-41 111, AZ-111 181,
42. AZ-42 112. A2=112 182,
43. AI-43 113, AZ-113 183,
44. AL-44 114. AZ-114 184.
45. AZ-45 115. AZ-115 185.
Nooo| 4B AI-46 116. AZ-116 186
vl 47, AZ-47 1. Az-117 187
48. AZ-48 118. AZ-118 188
49. AZ-48 19. AZ-119 189
50. AZ-50 120 AZ-120 190
51. AZ-51 121, AZ-121- 191
52. A-52 122. AZ~122 192
53. A1-53 123. AZ-123 193
54. A2-54 124, AZ-124 194
55. AZ-55 125. AZ-125 195
' 56. AZ~56 126. A2-126 198
57. Al-51 127, AZ-121 197
_ o 5. AZ-58 120. AZ-128 o
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1. AZ-TI 141. AZ-141 211. AZ-T16} ﬁ;
12. AZ-12 142. AZ-142 212. AZ-T165 e
713. AZ=13 143. AZ-143 213. AI-222 b‘
14. AL-T4 144. AZ-144 214. A2-226
75. AL-15 145. AZ-145 215. Al-464 '
76. AZ-16 146. AZ-145 216. AZ-2380 F
11. AL-T1 147. AZ-147 217. AZ-6939 ;
78. AZ-18 148. AZ-148 218. AZ-2385 ‘
79. AZ-19 148. AZ-149 219, AZ-478 .
80. AZ-80 150. AZ-150 220. AZ-6623 Lg
81. AZ-81 151. AZ-151 221. AL-6879 :
82. AZ-82 152. AZ-152 222. A7-5301 '
83. AZ-83 153. Al-153 223. AZ-5608 -
84. A1-84 154. AZ-154 224. A1-6984 ,
85. AZ-85 155. AZ-155 225. AZ-7055 v
86. AZ-86 156. AZ~156 226. A2-1174
87. AZ-87 157. AZ-157 221. AZ-5808 J,F
88. Az-88 158. AZ~158 228. AZ-5714 Al -¥
89. A7-89 159. AZ-159 228. Az-7488 | -
90. AZ-90 160. AZ-160 230. A2-5810
81. AZ-81 161. AZ~161 231. AZ-7255
92. A2-92 162. AI~-162 232. AZ-1322 |
93. AZ-93 163. AZ-163 233. AZ-1321
94. AZ-94 164. AZ-164 234. AZ-1414
95. AZ-95 165. AZ-165 235. A7-5086
96. AZ-96 166. AZ-166 236. AZ~1678
97. A7-87 167. AZ-167 237. AZ-5014
98. A7-98 168. AZ-168 238. A7-5381
99. A2-99 169. AZ-169 239. AZ-5787
100. AZ-100 170. AZ-170 240. AZ-7460
101. AZ-101 171. AZ-1T1 241. AL-1527
102. AZ-102 172. AZ-172 242. A2-1503
103. AZ-103 173. AZ-173 243. A7-5637 <
104. AZ-104 174. AZ-174 244. A1~5615
105. AZ-105 175. AZ-175 245. AZ-1522
106. AZ-106 176. AZ-176 246. AZ~1510
107. AZ-107 177. AZ-171 247. AZ-5614
108. AZ-108 178. AZ-178 248. AZ-5110 | .~
108. AZ-109 179. AZ-178 248. A7-3002.
110. AZ-110 18