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PREFACE

During the spring of 1985, the U.S. Bureau of Land
Management (BIM) and the New Mexico Bureau of Mines and Mineral
Resources (NMBMMR) entered a cooperative agreement to pepare a
preliminary mineral-resource inventory and assessment of
northwestern New Mexico, including Valencia, Cibola, McKinley,
San Juan, and western Rio Arriba Counties. This is the first of
six reports describing the geology and mineral-resource potential
of northwestern New Mexico. This first report is divided into
two parts. Part I describes the methodology and classification
involved in evaluating the mineral-resource potential. Part II
is an executive summary of the mineral resource potential of each
county. The preceding five reports, Open-file Reports 229-233
are detailed reports of the mineral-resource potential of each
county.

These reports are based upon time-consuming analyses of all
available data, published and unpublished, by a group of
geologists and technical support staff. Without this team effort
this project would be impossible. In addition to the coauthors
of the final report, many other people at the NMBMMR and BIM
provided agssistance, especially in reviewing the rough drafts as

detailed in the acknowledgments of each report.
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Part I

Methodology of Assessing
Mineral=Resource Potential

(by Vvirginia T. Mclemore)



INTRODUCTION

Purpose and Scope

The Federal Land Policy and Management Act (FLPMA) of 1976
charges the U.S. Bureau of Land Management {(BIM) with
responsibility for preparing a mineral-resource inventory and
assessment of mineral-resource potential for all of the public
lands they manage. These studies are essential to land-use
planning and management and they are required prior to BIM
actions such as disposal, withdrawal, exchange, conveyance of
land, or wilderness designations. In order to meet this
statutory requirement, the BLM and the New Mexico Bureau of Mines
and Mineral Resources (NMBMMR) entered a cooperative agreement to
prepare a preliminary mineral-resource inventory and assessment
for northwestern New Mexico, including Valencia, Cibola,
McKinley, San Juan, and western Rio Arriba Counties (Fig. 1).
NMBMMR staff were already actively involved with compilations and
geologic studies of various commodities on all lands within New
Mexico, so the requirements of both agencies were satisfied.
McLemore (1984) and MclLemore et al. (1984) previously evaluated
the mineral-resource potential of Torrance County and Sandoval
and Bernalillo Counties and adjacent parts of McKinley, Cibola,
and Santa Fe Counties (Fig. 1).

This preliminary mineral-resource inventory and assessment
is based on analysis of available published and unpublished
geological, geochemical,geophysical, and economic data and brief
field reconnaissance. A more rigorous and complete analysis of

all available information and additional field work could expand
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the preliminary conclusions of this paper.

Oorganization of Present Study

The present study involves a mineral-resource assessment of
Valencia, Cibola, McKinley, San Juan, and western Rio Arriba
Counties and is divided into six reports; an introduction (this
report) and five detailed assessments for each county (Fig. 1:
McLemore et al., 1986a, b, ¢, 4, e). However, only one set of
maps at a scale of 1:100,000 is included even though 1:100,000-
scale maps may cover more than one county (Fig. 2). Table 1
lists the oversized maps.

This introductory report is divided into two parts. Part I
describes the methodology and classification of mineral-resource
potential. Part II is an executive summary of the mineral-
resource potential of each county.

Each detailed county assessment (McLemore et al., 1986a, b,
c, 4, e) includes a text, appendices, and supporting figures and
tables. The text includes a discussion of geology, production,
known mineral occurrences and deposit types, and the mineral-
resource and development potential for each commodity. Mineral
occurrences and the mineral-~resource potential are plotted on
1:100,000-scale maps (Table 1) and summarized on page-size
figures. Mineral occurrences, prospects, mines, and deposits are
individually described in an appendix. Petroleum tests are

plotted and tabulated.
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Table 1 -~ 1:100,000-scale maps included in mineral resource potential of
northwestern New Mexico.
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Map Corresponding
No. Map Title Open-file Reports
1 Mineral occurrence and resource potential for metals and 229

uranium in the Socorro 30~ by 60-minute topographic quad-
rangle, Valencia County, New Mexico.

2 Mineral occurrence and resource potential for metals and 229
uranium in the Belen 30- by 60-minute topographic quad-
rangle, Valencia County, New Mexico.

3 Mineral occurrences, prospects, mines, and resource poten- 229, 230
tial for metals and uranium in the Acoma Pueblo 30- by &0-
minute topographic quadrangle, Valencia and Cibela Counties,
New Mexico.

4 Industrial materials, occurrences, mines, and resource 229
potential in the Socorro 30- by 6C-minute topegraphic
quadrangle, Valencia County, New Mexico.

5 Industrial materials, occurrences, mines, and resource 229
potential in the Belen 30- by é60-minute topographic
quadrangle, Valencia County, New Mexico.

6 Industrial materials, cccurrences, mines, and resource 229, 230
potential in the Acoma Pueblo 30- by 60-minute topographic
quadrangle, Valencia and Cibola Counties, New Mexico.

7 Petroleum tests and resource potential in the Socorro 30- 229
by 60-minute topographic quadrangle, Valencia County, New
Mexico.
8 Petroleum tests and resource potential in the Belen 30- by 229
60-minute topographic quadrangle, Valencia County, New
Mexico.
9 Petroleum tests and resource potential in the Acoma Pueblo 229, 239

30- by 60-minute topographic quadrangle, Valencia and
Cibola Counties, New Mexico.

10 Geothermal springs and wells, and geothermal-resource 229
potential in the Belen 30- by 460-minute topographic
quadrangle, Valencia County, New Mexico.

11 Geothermal springs and uwells, KGRF’s,and geothermal-~ 229, 230
resource potential in the Acoma Pueblo 30- by 60-
minute topographic quadrangle, Valencia and Cibola
Counties, New Mexico,
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Petroleum tests in the Toadlena 30~ by 60-minute 232
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Definitions

Mineral resources are the naturally occurring concentrations
of materials (solid, gas, or liguid) in or on the earth’s crust
that can be extracted economically under current or future
economic conditions. Reports describing mineral resources vary
from simple inventories of known mineral deposits to detailed
geologic investigations.

A mineral occurrence is any locality where a useful mineral
or material occurs. A mineral prospect is any occurrence that
has been explored by underground or above ground techniques or by
subsurface drilling. These two terms do not have any resource or
economic implications. A mineral deposit is a sufficiently large
concentration of a valuable or useful mineral or material that
may be extracted under current or future economic conditions. A
mine is any prospect which produced, or is currently producing, a
useful mineral or material.

The mineral-resource potential of an area is the likelihood
or probability that a mineral will occur in sufficient quantities
so that it can be extracted economically under current or future
conditions (Taylor and Steven, 1983). Mineral-resource potential
is preferred in describing an area whereas mineral-resource
favorability 1is used in describing a specific rock type or
geologic environment (Goudarzi, 1984). The mineral-resource
potential is not a measure of the quantities of the mineral
resources, but is a measure of the potential of occurrence.
Factors that could preclude development of the resources, such as

the feasibility of extracting the minerals, land ownership,

13




accessibility of the minerals, or cost of exploration,
development, production, processing, or marketing, are not
considered in assessing the resource potential; although these
factors certainly affect the economics of extraction. Total
evaluation of mineral-resource potential involves a complete
understanding of the known and undiscovered mineral resources in

a given area.

Numbering System

The numbering system used in this report is based upon the
township, range, and section land-grid system (Fig. 3) and is
used by the New Mexico State Engineer for numbering water wells
and springs. In this system, each occurrence or sample location
has a unique location number consisting of four parts separated
by periods (i.e. 3N.5E.24.441). The first part refers to the
township, the second part to the range, and the third part to the
section. The fourth part locates the occurrence to the nearest
quarter-quarter—-quarter section block, if posible, as indicated
in Figure 3. An occurrence or sample number designated
3N.5E.24.441 is located in the NW1l/4 SEl1/4 SEl/4 of section 24,
T3N, RBE. Some occurrehnces are located only to the nearest
section, quarter-section, or quarter-quarter section because the
occurrence can not be more accurately located or the occurrence
extends over the entire given area. In unsurveyed areas, the

locations are approximated by projecting section lines.
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TOWNSHIP 3 NORTH

Figure 3— Numbering system used in this report.

A—Subdi.vision of atownship into sections.
B-Subdivision of a section into quarter-quarter-quarter

section blocks.
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EVALUATION PROCESS AND SOURCES OF INFORMATION
Introduction

The evaluation of mineral-resource potential involves a
complex process of geologic analogy of prominsing or favorable
geologic environments with geologic settings (i.e. models) that
contain known economic deposits. Such subjective assessments or
evaluations depend on the available information concerning the
area to be evaluated and on the current knowledge and
understanding of known economic deposits. Assessments of
resource potential depend upon the knowledge and experience of
the researchers, therefore these evauations are assessed by a
team of NMBMMR geologists who specialize in specific commodities
and are subsequently reviewed by additional commodity
specialists. Evaluations of resource potential are time-
dependent because the data base, technology, and economic
conditions change with time. The date of resource potential
studies must be given and these studies must be periodically

updated.

Assessment Procedures

The process of evaluating the mineral-resource potential
used currently by the NMBMMR is similar to that used by the U.S.
Geological Survey (Shawe, 1981; Goudarzi, 1984) and Oak Ridge
National Laboratory (Voelker et al., 1979). However, only
minimal field investigation is incorporated into these studies
because of time constraints imposed upon the NMBMMR by the BLM.

1. The most important stage in any geologic investigation

and especially in these evaluations is the compilation of all
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available published and unpublished data. A complete
bibliographic search of published geologic references is
essential. Bibliographies used are listed in Table 2. A
geologic index to mapping is helpful and included in each report.
Evaluation of the resource potential involves complex integration
and interpretation of several data sets maintained by various
state and federal agencies, including a) MRDS (Mineral Resources
Data Systems, formerly CRIB, Computerized Resocurce Information
Bank, and MILS (Mineral Industry Location System):; b) DMEA
(Defense Minerals Exploration Administration); ¢) NURE (National
Uranium Resource Evaluation), HSSR (Hydrogeochemical and Stream-
sediment Reconnaissance) and ARMS (Aerial Radiometric and
Magnetic Survey); 4) NCRDS (National Coal Resource Data System);
e) AML {(Abandoned Mine Lands); and f) various unpublished file
data from state and federal agencies (NMBMMR, State Inspector of
Mines, State Highway Department, BLM, U.S. Bureau of Mines, U.S.
Department of Energy). From published and unpublished data sets
known mineral occurrences, prospects, mines, and deposits and oil
and gas tests are identified and plotted on maps. Geochemical
and geophysical anomalies are described and identified.

2. Known deposit types are identified and favorable
geologic environments that may contain potential economic
resources are defined. Geologic models are developed. All types
of metallic, nonmetallic, and energy fuel deposits are examined.
Field examinations, when time permits, are valuable.

3. A preliminary evaluation of the mineral-resource
potential from available data is determined. A number of factors

must be evaluated, including a) host rock favorability, b)
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Table 2 - Bibliographies and geologic map indices.

Bibliography Comments
Burks and Schiliing (1955) general bibliography covering through 1950
Schilling and Schilling (1956) general bibliography covering 1951-1955
Schilling and Schilling (1961) general bibliography covering 1956-1960
Ray (1966) general bibliography covering 1961-1965
Koehn and Xoehn (1973) general bibliography covering 1966-1970
Wright and Russell (1977} general bibliocgraphy covering 1971-1975
Heljeson and Holts (1981) general bibliography covering through 1975
Adkins-Heljeson and holts (1984) general bibliography covering 1976-1980
Robertson (1976) biblicgraphy of Precambrian geology
schilling (1975) bibliography of Grants uranium region
Mctemore (1982, 19333 bibliography of uranium in New Mexico
Kirk et al. (1983) bibliography of M.S. thesis and Ph.D.

dissertations

Boardman and Brown (1958) geologic map index
McIntosh and Morgan (1970) geologic map index
MecIntosh and Eister (1979) geologic map index
New Mexico Bureau of Mines and publications and open-file reports

Mineral Resources Price Lists
VYarious Listings of M.8. thesis

and Ph.D. dissertations from
Universities

structural controls, ¢) evidence of mineralization, d) previous
mining and production, e) geochemical and/or geophysical
anomalies, f) regional geoclogic setting, g) time of
mineralization, h) alteration, i) mineralogy, j) processes

affecting mineralization since formation, and k) geologic
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history. Reports are written describing known deposit types,
assessing the resouce potential, and explaining how conclusions
were reached.

4, Recommendations for additional studies and types of data
required for better assessments are made.

The evaluation of the preliminary mineral-resource potential
should be followed by field investigations and more detailed
mapping, geochemical sampling, and geophysical studies. A final
agssessment should be made based on detailed field investigations.
However, these detailed studies are not included under the
cooperative agreement between the BLM and NMBMMR.

Repeated evaluation of the mineral-resource potential is
required. New data on the study area should be incorporated into
the data base. New geologic concepts and models and more
sophisticated exploration techniques could drastically alter the
assessments. New technologies that require different commodities
and changes in mining, milling, and processing could allow
exploration and development of lower—-grade or new types of
deposits. Political and economic conditions change rapidly and
can transform today’s mineral curiosity into tomorrow’s mineral
deposit. Therefore, mineral-resource potential assessments must

be revised periodically and updated on a timely basis.
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CLASSIFICATION OF MINERAL-RESOURCE POTENTIAL

Classification of mineral-resource potential differ from
classification of the mineral resources. Quantities of mineral
resources are classified according to availability of geologic
data {geoclogic assurance), economic feasibility (identified or
undiscovered), and as economic or subecononmic (Fig. 4). Mineral-
resource potential is a qualitative judgment of the probability
of the existence of a commodity.

Classification of mineral-resource potential varies from
simple subjective schemes, like that used currently by NMBMMR, to
complex quantitative and statistical methods (Harris and Euresty,
1969; Harris, 1969; Harris and Agterberg, 1981). However, it is
rare that an adequate data base for all commodities is available
for complex statistical treatment, especially for preliminary
assessments. Furthermore, a simple classification scheme is more
versatile for uses such as land-use planning and exploration for
new deposits. The potential is classified for the purposes of
this report according to availability of geologic data and
relative probability of occurrence as high, moderate, low, very
low, or unknow (Fig. 5).

High mineral-resource potential is assigned to areas where
there are known mines or deposits or where the geological,
geochemical, or geophysical data indicate an excellent
probability that mineral deposits occur. All acitve and
producing properties fall into this class as well as identified
deposits in known mining districts or in known areas of

mineralization. Speculative deposits, such as reasonable
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extensions of known mining districts and identified deposits or
partially known deposits within geologic trends or areas of
mineralization, are classified as high mineral~resource potential
where sufficient data indicates a high probability of occurrence.
Information, such as quantity, quality, grade, past and present
production, depth to deposit, and reserves, is important although
not always essential, in determining that an area has a high
potential. Exploration may be in progress or expected to occur
within 10 years.

Moderate mineral-resource potential exists in areas where
geologic, geochemical, or geophysical data suggest a reasonable
possibility that undiscovered deposits occur in formations or
geologic settings elsewhere. Speculative deposits in known
mining districts or mineralized areas are assigned a moderate
potential if evidence for a high potential of economic deposits
is inconclusive. This assessment, like other classifications,
can be revised when new information, new genetic models, or
changes in economic conditions develop.

Low mineral-resource potential exists in areas where

available data imply the occurrence of mineralization, but
indicate a low probability for the occurrence of a deposit. This
includes speculative deposits in areas of geologic environments
or settings not known to contain economic deposits, but which are
similar to environments or settings of known economic deposits.
Additional geologic data may be needed to classify better such
areas.

A classification of very low mineral-resource potential is

reserved for areas where sufficient information indicates that an
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area is unfavorable for economic deposits. This evaluation may
include areas with dispersed but uneconomic mineral occurrences
as well as areas that have been depleted of their mineral
resources. Use of the very low potential classification requires
a high level of geclogic assurance to support such an evaluation.
Very low mineral-resource potential is assumed for potential
deposits that are too deep to be extracted economically, even
though there may not be a high level of geologic assurance.

These "economic" depths vary according to the commodity and
current and future economic conditions.

A classification of unknown mineral-resource potential is
reserved for areas where necessary geological, geochemical, and
geophysical data are inadequate to otherwise classify an area.
This assessment is low and any other classification (high,
moderate, low, or very low) would be misleading. These areas
should receive high proximity for additional study.

The mineral-resource potential of some areas can not be
assessed because of lack of useful data. Detailed geologic
mapping at a scale of 1:24,000 may be reguired before the
mineral-resource potential can be assessed. The lack of data

does not imply a very low mineral-resource potential. The

difference between an unknown resource potential and unevaluated
area is that some data exists in an area of unknown resource
potential which implies the possibility of the occurrence of
resources.

This classification scheme is similar to that used by Brobst

and Goudarzi (1984) where a high mineral-resource potential
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corresponds to substantiated resource potential and a moderate
potential corresponds to a probable resource potential. Goudarzi
(1984) of the U.S. Geological Survey proposes a similar
classification scheme to the one used in this report.

In addition to evaluation of the mineral-resource potential,
the potential for development is assessed. The potential for
development is classified simply as high, moderate, or low and
takes into account such factors as grade, tonnage, current market
conditions, and status, and similar economic factors. High
potential for development indicates that the area is currently
producing a commodity or economic conditions suggest that
production of the deposit is economically feasible currently or
in the near future. Moderate potential for development exists in
areas where production of the deposit would occur if certain

geologic or economic conditions became favorable. Low potential

for development indicates only a slight possibility, if any, for
production of the deposit. The potential for development
classification is also a highly subjective judgment, but it does

offer an evaluation of the economic feasibility of an area.
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Part II

Summary of the mineral-resource potential

by Virginia T. McLemore
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ABSTRACT

A preliminary mineral-resource potential assessment of
Valencia County involves analyses of available published and
unpublished geologic, geochemical, geophysical, and economic data
and a brief field reconnaissance. Mineral-resource potential is
an assessment of the favorability that a commodity will occur in
substantiél concentrations in a given area that can be exploited
under current or future economic conditions. A classification of
high, moderate, 1ow, veryAlow, and unknown is used. A high
mineral-resource potential exists in areas where geologic and
economic data indicate an excellent probability tﬁat economic
mineral deposits occur there. Modérate or low mineral-resource
potential exists iﬁ areas where the data indicate a lesser
prbbability that economic mineral deﬁosits occur. A
classification of very low potential is reservea for areas where
sufficient information indicates that an area is unfavorable for
ecoﬁomic deposits. A clasgification of unknown mineral-resource
potential is assigned to areas where either necessary geologic,
geochemical, geophysical, and economic data are inadequate to
otherwise classify an area or where any other classification
(high, moderate, low, or very low) would be misleading. Some
areas have not beén evaluated for specific éommodities because of
lack of useable data.

Travertine deposits along the Lucero uplift in western
Valencia County are currently being mined for dimension stone and
have a high resource poﬁential. Products include 2-inch sheets

and 8-inch slabs. Additional travertine deposits ﬁay occur along

to
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the Hubbell bench where the resource potential is low. The
potential for travertine as crushed stone is also high.

High potential also exists for sand and gravel deposits in
Quaternary-Tertiary deposits. Resources in the Rio Puerco
drainage system, central Rio Grande valley, and terraces in
easternAﬁalencia County are extensive. . Material for adobe alsc
has a high~resource potential in these areas.

Crushed and dimension stone resources occur in Precambrian
rocks and Paleozoic séndstones and limestones in the Manzano
Mountains,_wﬁere the resource potential is high. Limestone for
cement occuré in the Pennsylvanian Madera Férmation in the

southern ManzanoEMountains where the resource potential is high.

. Travertine from the Lucero uplift also could be used in cement.

Moderate potential exists for (1) Cu-Au-Ag (+ U, Pb) in
Precambrian rocks in the Manzano Mountains, (2) gypsum in the
Permian Yeso and San Andres Formations in the Lucero uplift, (3)
scoria and cinders in the Cat Hills area in northern Valencia
County, (4) silica sand in Precambrian quartzites in the Manzano
Mountains, and (5) petroleum accumulations in Paleozoic and
Mesozoic reservoirs in the Albuquerque Basin.

Additional geologic mapping and geochemical studies are
suggested in areas with active claims, in the Lucero uplift and
Manzano Mountains, and in areas with unknoﬁn resource potential.
Aggregate resources should be mapped and sampled in greater
detail prior to extraction. Isopach facies and structure contour
maps of several formations in the Rio Grande valley in central
Valencia County should be completed to delineate favorable areas

for oil and gas accumulations.
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SUMMARY

As is true with all preliminary investigations, additional
studies are necessary to adequately assess the mineral-resource_
potential in Valencia County. These assessments must be re-
evaluated as economic conditions, geologic interpretations, and
models change.

The mineral-resource potentials for various commodities in
Valencia County are summarized in Table 15 and Figures 11, 15,
le, 17, 18, 19, 21, and 24. The most important commodity in
Valeﬁcia County is travertine used for dimension stone in the
Lucero uplift. High potgntial also exists for sand and gravel,
limestoné, adobe mategial,_énd crushed and dimension stone.
Moderate fotential exists for Cu-Au~Ag (+U, Pb) in Precambrian
rocks, gypsum, scoria and cinders, silica sand, zeolites, and
petroleum. Additional work is necessary to calculate reserves

and resources in these areas.
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. TABLE 3 - Summary of mineral-resource potential in Valencia

County(after McLemore et al.,.l986a).

_Commodity or ... ...

type of deposit

.- Formetion -

Geagraphic
location

© =~ Mineral-reacurce

potential

Cu-hu-Ng (+ U, h)
Placer M

Stratabomnd sedimentary
Cu-1! deposits
{+ ng)

Barite and fluorite
Nlohe

Crushed and
dimennion stone

Gypsim

Kyanite

Lightweight aggrogate

" Limestona and
travertine

Mica

Snd and gravel

Silica sand

Zeolites
Potrotemm

Grothermal

Ooal

Precanbrian greenntones
or metasedimentary rocks

Quaternary or Tertiary graveln

Permian and Permaylvanian
gedimentary rocks

Permion and Triassic
sedimentary rocks

A—

OQuaternary deposits

Precanbrian rocks
PFermian Abo Formatlon,
Pennaylvanion Wild Cow and
Bursum Formations

Permian Yeso and Son Amxdres
Formations

Precanbrian vhite Ridge

quartzite and
Sevilleta Formtion

Tertlary scoria and cinders

Faleozoic and Cretaceous
shales {expansible}

Faleoznie limestonns and
Cuaternary travertines

Precambrian rocks

Quaternary and Tertiary
deprgits

Perminn Glorieta Sandstone

tember
Precanbrian Sais Quartzite

Tertiary-taatemmary
Santa Fe Group

Palrozoic and Masmznic
gsedimentary rocks

Cretaceous rocks

Hell Canyon district
Manzano Mountains

Manzano Mountaine,
Albuquerque Basin

Scholle district

Ric Puerco district

Valencia Coamty
Valencia Comty
Yarirmiz lecatitien in

in thnzano Hamtains and
1ucero upiift

Lucero wplift

Manzano Hountains

Cat Nills

Manzano Moankains

Incaro wplift A
Manzano Hamtaing

Incero wplift and southern
Manzano Hamtaing

Manzano Mountating

Valencia Conmty

Lacero uplift

. Manznne Motmkaine

Mirepergue Rasin

Mbuquergque Rasin,
Rio Derco Fault zenme
facero vplift

Rio Puerco field

wxisrate
unknown

unknown

wrrlerate to low

Tow

lew
high

high to mxierate

mderate

Tews

mxlerate
mxinrate
unknowm

high

Towe

high

mknewm
mxinrate

Tewt
mriorate

mriavate to Tow

1
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1)

2)

3)

4)

5)

6}

7)

8)

RECOMMENDATIONS

Detailed geologic mapping and geochemical studies in
Precambrian terranes in the Manzano Mountains are needed to
determine the mineral-resource potential for base~ and
precious-metals and uranium.

Isopach facies and structure-contour maps of several
formations in the Rio Grande valley in central Valencia
County should be completed in order to delineate favorable
areas for oil and gas accumulations.

Aggregate resources should be mapped and sampled in greater

detail prior to extraction of such materials.

.Any areas with active claims should be examined (Fig. 10).

Geologic mappihg and geochemical studies are required on the
Luerco uplift to evaluate tﬁé resource potential.

Area near the Manzano Mountains should be examined for
geothermal resource potential.

Drilling is required in the Rio Puerco coal field in
northwestern Valencia County to aid in evaluating the coal
resource potential.

The rating of unknown for vermiculite and expansible shale

‘does not imply that the potential is low. Rather, the

appropriate rock types are present but need to be examined

in more detail specifically for these resources.
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ABSTRACT

A preliminary mineral-resource potential assessment of
Cibola County involves analyses of available published and
unpublished geologic, geochemical, geophysical, and economic data
and a brief field reconnaissance. Mineral-resource potential is
an assessment of the favorability that a commodity will occur in
substantial concentrations in a given area that can be exploited
under current or future economic conditions. A classification of
high, moderate, low, very low, or unknown is assigned. A high
mineral-resource potential exists in areas where geologic and
economic data indicate an excellent probability that economic
mineral deposits occur there. Moderate or low mineral-resource
potential exists in areas where the data indicate a lesser
probability that economic mineral deposits occur. A
classification of very low potential is reserved for areas where
sufficient information indicates that an area is unfavorable for
economic deposits. A classification of unknown mineral-resource
potential is assigned to areas where either necessary geologic,
geochemical, geophysical, and economic data are inadequate to
otherwise classify an area or where any other classification
{high, moderate, low, or very low) would be misleading. Some
areas have not been evaluated for specific commodities because of
lack of useable data.

Uranium is currently being mined from the Morrison Formation
at Mt. Taylor mine, although economic conditions are unsettled
for U.S. uranium producers. The uranium resourée~potential is

high in the Morrison and Todilto Formations in the Grants
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district and could be mined if economic conditions improve. Coal
resource potential is ﬁigh in the Salt Lake field. The Salt
River Project of Arizona plans to mine coal just south of Cibola
County in the near future. Petroleum resource potential is
moderate in the Puerco fault zone and Acoma and Zuni Basins.

The resource potential for base- and precious-metals,
fluorite, and barite is moderate in Precambrian rocks in the Zuni
Mountains. Various units throughout the county have a high
resource potential locally for clays, crushed and dimension
stohe, gemstones (small quantities), limestone, and travertine.
Pumice, scoria, and perlite have a high resource potential in the
Mt. Taylor area.

Additionél geologic mapping and geochemical studies are
suggested in areas with active claims, in the Lucero uplift and
Zuni Mountains. Exploration drilling and sampling of fluorspar
veins in the Zuni Mountains is required to properly assess their
potential. Aggregate resources should be mapped and sampled
prior to extraction. The rhyolites near Mt. Taylor should be

examined for tin potential.
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SUMMARY

As is true with all preliminary investigations, additional
studies are necessary to adequately assess the mineral-resource
potential in Cibola County. These assessments must be re-
evaluated as economic conditions, geologic interpretations, and
models change.

The mineral-resource potential for various commodities in
Cibola County are summarized in Table 30 and Figures 18, 20, 22,
26, 28, 29, 30, 31, and 32. The most important commodities in
the county are coal and uranium. Additional work is necessary to
calculate reserves and resources of these commodities in areas of

high potential.
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TABLE 4 - -Summary of mineral-resource potential in Cibola
3 -7 County {after McLemore et al., 1986b).

Commodity Mineral-resource potential

Geologie Formation Geographic Area
Uranium Morrison Fornation Crants district high to mlerate
{+ vanadium, Tedilto Linestone
mol yhetstim)
Coat Cretaceous units Fant Mt. Taylor field mylerate to Tow
Scouth Mt. Taylor field moderate to low
batil Mts. field Jow
Salt Take fleld high to moderate
Zuni field Tow
Petroleum Pennsyivanian rocks fucero wplift low
Pennsy lvanlan-Cretaceous rocks Puerco fault zone moxlorate
Penngylvanjan-Cretaceous rocks Acona Basin mexlerate
Permian rocks Zoni uplift lesd to very low
Permian-Cratacecus rocks Raca Hasin rexlerate to low
Geothermal variona host rocks Lacere uplift mxlerate to low
westewn Cibola Co.,
Zuni Hts. Tow
Mi. Taylor tnk W
fage- and
precicus-petals,
fluorite, barite Precanbrian rocks 7Zuni Mis. mlerate
Cuy D, Mg, U, V ffermian ganistones Zuni HLa. L5 )
Cu, My Mg, U, VO Permlan and Triasslic samwistones Rio Muerco district Tow
Tin Tertlary volcanics Ht. Taylor wiknewn
Clays Eluvial unite — high locally
sandy loam deposits {adobe) — high locally
Crushed and Precambrian te throughout mxlerate
dimension Quaternaty the county
stone units
Gepstones various unite throughouk locally high
the county for small
quantities
Gypsum Texdilto Formation Iagquna-Suwanre moderate
Yeso Formation Tacero uplift mxlerate
Zuni Mis. Jow
Pumice, Tertiary woleanics and Mt. Taylor area high to moderate
acoria, and £lows
perlite
Scorta Tert fary volecanic flows Zunl Mia, area high to maderate
Limestone thdera Group Slerra lacero high
Todilto Formation Arroyo Colorado, moxlerate
GrantsMingate
Ban Andres Formation Zuni Mts., high

0Ojo Calicnte

Sand amd gravel various e low to maderate
Travertine Quaternary depoaits Ojo Caliente, Salado high
Spring, Mesa det Oro,
Halpais Steptoe, moxlerate

Miicken Mt.
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1)

2)

3)

4}

5)

6)

7)

8)

9)

10)

11)

12}

RECOMMENDATIONS
Any areas with active claims should be examined (Fig. 15).
Isopach facies and structure-contour maps of several
formations in Cibola County should be completed to delineate
favorable areas for oil and gas accumulations.
Aggregate resources should be mapped and sampled in greater
detail prior to extraction of such materials.
Geologic mapping and geochemical studies are required in the
Lucero uplift and in the northern and central Zuni Mountains
to evaluate the mineral resource potential.
Ssample fluorspar veins for silver and gold content.
Examine rhyolites near Mt. Taylor for tin potential.
Chemical sampling of the Glorieta Sandstone Member and other
high-silica sandstones is required to determine the
potential for high-silica sand resources.
Detailed studies of the mineralogy and chemistry of clay
deposits are required to assess their potential.
Geochemical and geophysical studies of the Mt. Taylor area
are required to assess the geo%hermal—resource potential.
Exploration drilling and sampling of fluorspar veins in Zuni
Mountains are required to determine depth and extent of the
deposits.,
Examine outcrops of the Yeso Formation for manganese
resources.
Exploration and testing of expansible shale and vermiculite

regions rated unknown are needed to delineate any ores.
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ABSTRACT

A preliminary mineral-resource potential assessment of
McKinley County involves analyses of available published and
unpublished geologic, geochemical, geophysical, and eccnomic data
and a brief reconnaissance. Mineral-resource potential is an
assessment of the favorability that a commodity will occur in
substantial concentrations in a given area that can be exploited
under current or future economic conditions. A classification of
high, moderate, low, very low, or unknown is assigned. A high
mineral-resource potential exists in areas where geologic and
economic data indicate an excellent probability that economic
mineral deposits occur there. Moderate or low mineral-resource
potential exists in areas where the data indicate a lesser
probability that economic mineral deposits occur. A
classification of very low potential is reserved for areas where
sufficient information indicates that an area is unfavorable for
economic deposits. A classification of unknown mineral-resource
potential is assigned to areas where either necessary geologic,
geochemical, geophysical, and economic data are inadequate to
otherwise classify an area or where any other classification
(high, moderate, low, or very low) would be misleading. Some
areas have not been evaluated for specific commodities because of
lack of useable data.

Energy resources are the most important commodities in
McKinley County, although other commodities have been produced.
Coal is currently being produced and has a high potential in the

Star Lake, San Mateo, Crownpoint, and Gallup fields. 0il and gas



production is substantial from the San Juan Basin in McKinley
County and the resource potential is high in several formations
in the San Juan and Acoma Basins. Uranium is currently being
mined from the Morrison Formation at the Section 23 mine
(Homestake), although economic conditions are unsettled for U.S.
uranium producers. The uranium resource-potential is high in the
Morrison and Todilto Formations in the Grants district and could
be mined if economic conditions improve.

Various units throughout the county have a high resource
potential locally for clays, crushed and dimension stone, silica
sand, gemstones (small quantities), limestone, and humate. Many
of these commodities are needed to support production of the
energy resources. The resource-potential for CO, and helium in
the Acoma and San Juan Basins, Gallup sag, and Defiance uplift is
moderate. The resource potential for base- and precious-metals,
fluorite, and barite is unknown in Precambrian rocks in the
northern Zuni Mountains.

Additional geologic mapping and geochemical studies are
required in areas with active claims and in the northern Zuni
Mountains. Isopach facies and structure-contour maps of several
formations in Cibola County should be completed to delineate
favorable areas for oil and gas accumulations. Aggregate
resources should be mapped and sampled prior to extraction. The
rhyolites near Mt. Taylor should be examined for tin potential.
Detailed studies of the mineralogy and chemistry of clays and
silica sand resources are needed to fully evaluate these

resources.
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SUMMARY

Ag is true with all preliminary investigations, additional
studies are necessary to assess adequately the mineral-resource
potential in McKinley County. These assessments must be re-
evaluated as economic conditions, geologic interpretations, and
models change.

The mineral~resource potential for various commodities in
McKinley County are summarized in Table 30 and Figures 17, 20,
22, 24, 26, 30, 31, 32, 33, 35, and 36. The most important
commodities are petroleum, coal, and uranium. Aggregate
resources, limestone, clays, crushed and dimension stone
resources also have a high potential and are needed to support
production of the energy resources. Additional work is necessary
to calculate reserves and resources of these commodities in areas

of high potential.
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TABLE 5 ~ Summary of mineral—reééﬁféémpofehtial in McKinley

County (after McLemore et al

1986c) .

COMMODITY - GEOLOGIC FORMATION GEOLOGIC AREA - -—- - .—MINERN ~RESOURCE
POTENTIAL
Coal Fruitland Formation Star Like field high
Menefee Formation Chaco Canyon field low to moderate
Chacra Mesa field low
San Mateo field high
Standing Rock field mxlerate
Crevasse Canyon Formation Crownpoint field high to moderate
Gallup field high
Zuni field low to high
Petroleum Upper Cretaceous sandstones, San Juan and moderate to high
Entrada Sandstone Acoma Basins moderate to low
Cretacecus, Jurassic, Gallup sag moderate to low
Permian, Pennsylvanian
none Zuni uplift low to very low
Permian and Pennsylvanian Defiance uplift low
Uranium Morrison, Dmkota, Grants district high to mxierate
(ivanadium, and Todilto
molybdenum}

Base and precious
metals,hw“,{ﬁw“lf

Iron

Tin, beryl

C02, He

Clays

Crushed and
Dimension stone
Gemstones

Cypsum
Humate
Pumice
Scoria and cinders

Expansible shale
Limestone

Band and gravel
Silica sand
Zeolites

Precanbrian veins

Paleozoic limestone
Tertilary volcanics
Paleozoic and Mesozoic
units
Paleozoic and Mesovoic units
Paleozoic and Mesozoic units .
Mesozoic units
Cretaceous units

recent stream beds
various units

Kirberlite tuffs
Permian rocks
Cretacecus coal-bearing units

Tertlary tuffs
Tertiary volcanics

various units
San Andres Formation
Todilto Limestone

various Quaternary units
various units

Bidahochi Formation
Brushy Basin Menber

Zuni Mountains

7uni Mountains
Mt. Taylor
San Juan and
Acoma Basins
Gallup sag
Defiance uplift
entire county
northern and western
McKinley County

i

Navaijo Reservation
Zuni Mountains
ooal fields

2i1ditloi Mountain
T20MN, RZ2IW

Malpais

Zilditloi Mountains

Zuni Mountains

Todilto Park,
Wingate-Grants

scattered throughout county

bootheel area
Chuska Mountains

unknown

low
unknown
moderate

moderate
moderate
moderate to high
high

moderate
moderate to high

moderate to high
low
moderate to high

moderate

moderate
mxlerate
unknown
high
moderate

high
low to high
unknown
unkncwn
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1)

2)

3)

4)

5)

6)

7)

RECOMMENDATIONS

Geologic mapping is required in the Zuni Mountains area to
determine the mineral resource potential.

Any areas with active claims should be examined (Fig. 12).
Isopach facies and structure~contour maps of several
formations in McKinley County should be completed to
delineate favorable areas for oil and gas accumulations.
Aggregate resources should be mapped and sampled in greater
detail prior to extraction of such materials.

Examine rhyolites near Mt. Taylor for tin potential.
Chemical sampling of high silica sandstones is required to
determine the potential for high-silica sand resources.
Detailed studies of the mineralogy and chemistry of clay

deposits are required to assess their potential.
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ABSTRACT

A preliminary mineral-resource potential assessment of San
Juan County involves analyses of available published and
unpublished geologic, geochemical, geophysical, and econcomic data
and a brief field reconnaissance. Mineral-resource potential is
an assessment of the favorability that a commodity will occur in
substantial concentrations in a given area that can be exploited
under current or future economic conditions. A classification of
high, moderate, low, very low, or unknown is assigned. A high
mineral-resource potential exists in areas where geologic and
economic data indicate an excellent probability that economic
mineral deposits occur there. Moderate or low mineral-resource
potential exists in areas where the data indicate a lesser
probability that economic mineral deposits occur. A
classification of very low potential is reserved for areas where
sufficient information indicates that an area is unfavorable for
economic deposits. A classification of unknown mineral-resource
potential is assigned to areas where either necessary geologic,
geochemical, geophysical, and economic data are inadequate to
otherwise classify an area or where any other classification
(high, moderate, low, or very low) would be misleading. Some
areas have not been evaluated for specific commodities because of
lack of usable data.

Energy resources are the most important commodities in San
Juan County, although other commodities have been produced.
Coal, oil, and gas are currently being produced and have high

potentials in various parts of San Juan County. A high resource

[
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potential exists locally for carbon dioxide, clay, helium, sand
and gravel, and limestone. Much of the county has a high
resource potential for crushed and dimension stone.

A moderate resource potential exists for uranium in the
Shiprock district and at the Boyd prospect. A moderate potential
exists locally for humate.

Additional geologiq mapping and geochemical studies are
suggested in areas with active claims, at the Boyd prospect, in
areas of aggregate resources, and in areas with potential for
silica sand, clay, and zeolites. More drilling and quality
analyses are needed to better evaluate the coal resource
potential. The significance of barium anomalies along the
Kirtland-Fruitland contact and in the Nacimiento Formation needs

to be examined.
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BUMMARY

As is true with all preliminary investigations, additional
studies are necessary to assess adequately the mineral-resource
potential in San Juan County. These assessments must be re-
evaluated as economic conditions, geologic interpretations, and
models change.

The mineral-resource potential for various commodities in
San Juan County is summarized in Table 37 and Figures 24, 25, 27,
30, 31, 32, 36, 37, 39, and 40. The most important commodities
are petroleum and coal. Aggregate resources, CO,, helium,
limestone, clays, crushed and dimension stone resources also have
a high potential and are needed to support production of the
energy resources. Additional work is necessary to calcualate
reserves and resources of these commodities in areas of high

potential.
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county (arterr MolLenOre €T adl., 1lJc00dU) .
Commocdity Geologie Geolnglic Hineral
Formatlon Area Resource Potential
Patroleum Tertinry, Snn Juan Rasin high
Cretaceous,
Jurnssic,
Pennsylvanian,
Migaissipplian
units
pevonian, Detiance uplift low (southwest)
Misgissippian,
Pennsylvanian,
permian,
Triaasic,
and Jurassic
unite
Coal Fruitland Formation Fruitland Fleld high
Navajo Field high
Biasti Field high
Star Lake Field high to moderate
Menefee Formatlion Barker Field low
tloyback Fleld moderate
Toadlena Fleld unknown
Newcomb Fleld Low
Chaco Capyon Fleld very low to low
yranium Jurassic rocke Shiprock District moderate
{vanadium)
Cretaceous rocks Royd Prospect moderate
Westwater Coanyon
Hember Tocito Dome unknown
Upper Cretaceous Beach-placer deposits moderate
rocks
Geaothermal {mostly) western
San Juan County very low
Matale various Entire County low
{other than formations
vanadium)
Barite mnd  Cretaceous rocke  Worthern San Juan Basin uhknown
Fluorite
€0y various units San Juan Basin moderate to high
various unlts Deflance uplift moderate to high
Clay various units entire county low to high
Crushed various units entire county high
and
dimension
stone
Helium variocus units San Juan Basin moderate to high
various units befiance uplift moderate to high
Humate same as coal same as coal low to moderate
Pumlice Tertiary and entire county very low to low

Scoria and
cindere

Expansible
shale

Limeatone

Miea

Saline
ninarals

gand and
gravel

Quaternary units

Todilto limestone

many sedimentary
units

Ponnaylvanian

Quaternary,
Tertiary, and

Cretaceocus units

S{lica
sand

Sulfur
Zeolite

various unlite

various units

Brushy Basin

Chuska Sandstone

entire county

Sanostea=
Beautiful Mountain
aputhward

entire county

Hermosa Formation

antita county

entire county

Barker dome

Chuaka Mountains
Chuska Mountains

very low to low

unknowh or low

rmoderate to high

low

low

high

unknown

low

low
unknown




1)
2)

3)

4)

5)

6)

7)

8)

92)

10)

RECOMMENDATIONS

Any areas with active claims should be examined (Fig. 14).
Iscopach facies and structure-contour maps of several
formations in San Juan County should be completed to
delineate favorable areas for oil, gas, CO,, and helium
accumulations.

Aggregate resources should be mapped and sampled in greater
detail prior to extraction of such materials.

Chemical sampling of high-silica sandstones is required to
determine the potential for high-silica sand resources.
Detailed studies of the mineralogy and chemistry of clay
deposits are required to assess their potential.

More drilling and quality analyses are needed to better
evaluate the coal resource potential for several fields,
especially the Barker field.

Gather drill hole and outcrop data to estimate total coal
resources and reserves in various coal fields.
Stratigraphic‘studies are needed at the Boyd prospect to
determine correlation with lower Fruitland Formation to aid
in uranium resource potential.

More drill hole data is needed to better delineate the
uranium deposits in the Westwater Canyon Member on Tocito
dome.

Investigate the significance of barium anomalies along the
Kirtland-Fruitland contact and in the Nacimiento Formation

in northern San Juan and southern Rio Arriba Counties.

N
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11) More testing of crushed stone resources is required to
determine their commercial capabilities.
12) More analytical and field work is needed to determine the

resource potential for zeolites.
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ABSTRACT

A preliminary mineral-resource potential assessment of
western Rio Arriba County involves analyses of available
published and unpublished geolpgié, geochemical, geophysical, and
economic data and a brief reconnaissance. Mineral-resource
potential is an assessment of the favorability that a commodity
will occur in substantial concentrations in a given area that can
be exploited under current or future economic conditions. A
classification of high, moderate, low, very low, or unknown is
assigned. A high mineral-resource potential exists in areas
where geclogic and economic data indicate an excellent
probability that economic mineral deposits occur there. Moderate
or low mineral-resource potential exists in areas where the data
indicate a lesser probability that economic mineral deposits
occur. A classification of very low potential is reserved for
areas where sufficient information indicates that an area is
unfavorable for economic deposits. A classification of unknown
mineral-resource potential is assigned to areas where either
necessary geologic, geochemical, geophysical, and economic data
are inadeguate to otherwise classify an area or where any other
classification {(high, moderate, low, or very low) would be
misleading. Some areas have not been evaluated for specific
commodities because of lack of useable data.

0il and gas are currently being produced in western Rio
Arriba County and the resource potential is high in Cretaceous,
Jurassic, and upper Paleozoic rocks. Clay in the Mesa Alta area

has a high resource potential. There is a high resource
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p ‘.ential for crushed and dimension stone throughout the entire
area. Limestone resource potential is high in the Todilto
Limestone in southeastern Rio Arriba County.

A moderate resource potential exists for copper and silver
in the Chinle Formation in the Nacimiento Mountains, deep coal in
the Menefee and Fruitland Formations in the San Juan Basin, CO,
and helium in the San Juan Basin, and limestone in the Madera
Formation. An unknown resource potential exists for silica sand,
zeolites, and barite.

Additional geologic mapping and geochemcial studies are
required in areas with active claims, areas of aggregate
resources, and along the Kirtland-Fruitland contact for barium
resource potential. Isopach fécies and structure-contour maps
and additional petroleum tests are suggested to enhance
evaluation of the petroleum resources. Detailed studies of the
mineralogy and chemistry of clay deposits are required to fully

assess their potential.



SUMMARY

As is true with all preliminary investigations, additional
studies are necessary to assess adequately the mineral-resource
potential in western Rio Arriba County. These assessments must
be re-evaluated as economic conditions, geologic interpretations,
and models change.

The mineral-resource potential for various commodities in
western Rio Arriba County are summarized in Table 20 and Figures
19, 20, 22, 25, 27, 28, 29, 30, and 31. The most important
commodity is petroleum. Limestone, clays, and crushed and
dimension stone resources also have a high potential and are
needed to support production of the energy resources., Additional
work is necessary to calculate reserves and resources of these

commnodities in areas of high potential.

w
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TABLE 7

Summary of mineral-resource potential in western -
Rio Arriba County (after Mclemore et al., 1986e).

Commodity

Ceologlc Geographic Minerat-resource
formkion area o potential
Petroleum Cretaceous, Jurassic, western Rio Arriba high
upper Paleozoic County
Coal Cretaceous coal-bearing Monero field low
sequence
Cretaceous Fruitland San Juan Rasin very lew to moxderate -
and Menefee Formations
{deep coal)
Uranivm Ojo Alamo San Jose southern Rio Arriba Tow
Geothermal ————— ———— vety low
Mincellaneous Chinle Formation Nacinto Mountaing mderate
Metals {copper, silver)
Barite stream sediments in rorthern San Juan amd unknown
Kirtland-Fruitland sonthern Rio Arriba
contact and Nacimiento Countlies
Formation
4.0)3 gseveral wunits central San Juan RBasin lew to mexlerate
Clays Tertiavy sediments eastern fringe of low ko high
San Juan Basin
Crushed Stone sedinentary units of entire study area high
Paleczoic through
Cenozolc age, and
Cennzolc igneous
intrusives
pimension Stone Trinssic Chinle and high
Jurasgic Entrada
Sandstone
Other rock units mxlerate
Helium Upper Cretaceous central San Juan Basin moderate
sandstones, Pntrada
Sandstone, Triassic
Sandstones, Fermian
sandstones, Penmsylvanian
limestenes and sandstones
and Misaissipplan
carhonates
Humate Crataceous Mennfee Monero coal Field very low to low
Formation
Lightweight
Aggregate ghale strata in neAr Dulce high in this area
sedimentary volcanic unkivwn elsewhere
and igneous intrusive
rocks
Limestonea Todilto southeastern study area high
Madera north flank of San Pedro moflerate
Motmntain
Mancos Shale near Tierra Amrilla low
Lewis Shale low
Mica Precarmbrian rocks northeagtern part of Low
San Juan Pasin
Saline Permian entire study area very low
gand and Tertiary and low
Gravel Quaternary
gilica Band Permian to Tertiary various areas in study area  tmknewn
Zeoliten Juraseic sontheast corner of study unkngwn

atea
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2)

3)

4)

5)

6)

7)

8)

2)

10}

RECOMMENDATIONS

Any areas with active claims should be examined (rig. 11).
Isopach facies and structure-contour maps of several
formations in Rio Arriba County should be completed to
delineate favorable areas for oil and gas accumulations.
Analyze the thermal maturity and kerogen content of marine
Mancos Shales in the subsurface of western Rio Arriba
County.

Drill more wells in the Paleozoic section of the San Juan
Basin (western Rio Arriba County) to better document
reservoir quality of Paleozoic units.

Test the Pennsylvanian section in western Rio Arriba County
to determine the reservoir quality of Pennsylvanian units.
Drill in the Paleozoic section to establish depositionally
dependent porosity zonations.
Aggregate resources should be mapped and sampled in greater
detail prior to extraction of such materials.

Examine the belt of anomalous barium values found in the
NURE stream~sediment samples along the Kirtland-Fruitland
contact in northern San Juan and southern Rio Arriba
Counties.

Detailed studies of the mineralogy and chemistry of clay
deposgits are required to fully assess their potential.
Exploration and testing of expansible shale regions rated

unknown are needed to delineate any ores.
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