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FOREWORD

In August of 1981 the New Mexico Bureau of Mines and Mineral
Resources was contracted to make a "Mineral Resource Inventory”
of the Sierra Ladrones Wilderness Study Area for the Socorro
District Office of the U.S. Bureau of Land Management. From the
start it was recognized that the Ladron Mountains and surrounding
lowlands were geologically complex and contained many different
types of mineral occurrences representing some mineral potential.

A time-consuming (reiterative) analysis of the available
geoscience data ensued. Genetic models for various types of
economic mineral deposits were the most penetrating tool used in
this analysis. The results of this analysis were presented to the
BLM in July 1982, in the form of a report entitled "Preliminary
Evaluation of the Mineral Resource Potential of the Sierra
Ladrones Wilderness Study Area, Socorro County, New Mexico'". A
review of this report by the BLM indicated more explanation was
needed concerning quantification of mineral potential, expressed
as "the probability for discovery of a commercial mineral
deposit". A final copy of this report, with appropriate addenda,
was delivered to the BLM in September 1982.

This New Mexico Bureau of Mines Open-file Report No. 179
represents a partial revision of the final BLM report. The only
significant change incorporated in this open-file report is in
the recognition that the apparent potential for commercial
resources of uranium and base metals in the Ladron Mountains must
actually exist in two different types of mineral deposits (e.g.

as stratiform base metal sulfide deposits in metamorphic rocks,
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and possibly as metamorphosed sandstone—uranium deposits or
uranium mineralization in granites). In the original BLM report
these possible resources were assumed to occur in a single type
of deposit, which tended to increase their estimated economic
potential. Minor changes in organization and syntax have been
made in the interest of clarity. Release of this open-file
report to the public was approved by the U.S. Bureau of Land

Management on February 2, 1983.
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ABSTRACT

A detailed analysis of available geoscience data has been
made in order to evaluate the mineral resource potential of the
Sierra Ladrones Wilderness Study Area (Ladron WSA), located in
central New Mexico. Mineral resource potential is expressed here
as the probability (high = 1071, good = 1072, fair = 1073, low =
10"4, very low 10”5, and nil = 10"5) for discovery of a
commercial mineral deposit, of a particular type, in (and
adjacent to) the Ladron WSA. A profitably recoverable mineral
deposit worth at least 25 million dollars (grosé ﬁalue in ground)
is defined here as commercial. Experience has shown that about
one in ten (10'1) economic mineral discoveries (such as a drill-
hole intercept of economic grade and thickness) leads to
successful mine. 1In contrast, the chances of discovering a
commercial o0il reservoir within a granite are about one in a million
(1076,

Different types of mineral deposits and their relative
probability for a commercial discovery in the Ladron WSA are:

1) uranium deposit in Precambrian metamorphic or granitic

rocks, 1072 ;

2) stratiform polymetallic {(copper-zinc—-lead-cobalt*-

nickel*). sulfide deposit in Precambrian metamorphic

rocks, 10'2;

* strategic mineral
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3) high-calcium limestone deposit of commercial size (225
million metic tons) suitable for making cement:
probability for sufficient future demand tc become
commercial is good, 1072;

4) Mississippi Valley-type lead-zinc~barite deposit, 1073,

5) o0il and/or natural gas reservoir, 10'3; -

6) supergene uranium—copper deposit (Jeter type), 10'4;

7) supergene manganese¥* deposit (Black Mask type)., 10”4;

8) siliceous vein deposit (silver-gold-lead-zinc-copper—
barite~fluorspar*) in Precambrian rocks , 10"5:

9) placer gold deposit of late Paleozoic age, 1073;

10) tungsten*-bismuth-tin* deposit in Precambrian granite,
1072;

11) geothermal energy reservoir, 1072;

12) coal deposit, 1076,

13) gypsum deposit, 1076;

14) manganese-iron deposit, 1076;

15) chromium*-platinum* deposit, 1076,

A small uranium—-copper deposit at the eastern foot of the
Ladron Mountains (Jeter Mine) was almost certainly éerived from
weathering of preexisting uranium mineralization (#1 above) and
polymetallic sulfide mineralization (#2 above) in the Precambrian
Eerrane upslope from the mine. The extremely high uranium
content (704 ppb) of well waters at the Lazy C Bar J Ranch is a

strong indication of ongoing weathering of high-grade uranium

* strategic mineral



mineralization in Precambrian rocks west of the ranch.

The metal content of the Jeter deposit probably represents
less than 1/200th of the total uranium and base metals (Cu-Zn-Pb-
Ni~Co) weathered from near-surface mineralization in the
Precambrian rocks., As much as 24 million pounds of uranium
oxide, worth about 0.4 to 1.1 billion dollars at current to
foreseeable prices (17-45 $/1b U30g), and as much as 18.6 million
pounds of base metals, worth about 30 million dollars at current
prices, may have been weathered from the Precambrian terrane of
the Ladron Mountains over the last few million years. Similar
metal values may be preserved below the present zone of
weathering.

Puture evaluations of mineral resource potential in the
Ladron WSA should be based on detailed geologic mapping, multi-
media geochemical surveys and systematic geophysical surveys,
gsuch as a helicopter—-borne electromagnetic survey. A detailed
investigation of this nature may reveal specific areas (i.e.
drilling targets) that are favorable for discovery of a
commercial uranium deposit and/or a commercial polymetallic
sulfide deposit. Testing of specific targets, if found, should
be left to private industry.

Ideally, all land-use decisions should be based on
reasonable estimates of the "price" to be paid for each
alternative use. We suggest that in terms of "lost mineral
production" the potential price of a "Sierra Ladrones Wilderness

Area" could be as much as a billion dollars.
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SUMMARY

The Sierra Ladrones Wilderness Study Area (Ladron WSA) is a
sixty-one sqguare-~mile "island" of undeveloped Federal land
centered on the western flank of the rugged and isolated Ladron
Mountains in central New Mexico. Geoscience data obtained from a
comprehensive literature review and a brief field reconnaissance
have been analyzed in detail to make a preliminary estimate of
the mineral resource potential of the Ladron WSA. Eey data
gathered consist of geologic maps, locations and descriptions of
surface mineral occurrences (some with chemical analyses and
production data), and trace element geochemical analyses of 63
arroyo sediment samples plus 17 ground-water samples collected in
the Ladron area as part of the National Uranium Resource
Evaluation (NURE).

Geologic concepts are the most penetrating tool used in this
hypothetical "look" for concealed mineral resources below the
surface of the Ladron WSA. The conclusions presented are not
uneqguivocal, but they are geologically defendable on the basis of
available data.

Mineral resource potential is primarily expressed here as
the probability (high = 1071%, good = 1072, fair = 1073, low =
1074, very low = 10"5, nil = 10"6) for discovery of a commercial
mineral deposit, of a particular type, or for a particular
commodity. A commercial mineral deposit is defined here to have
an economically recoverable value of at least 20 million dollars,
which is approximately equivalent to a gross value (in place) of

25 million dollars. In general, the most positive indication of
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an ore depost--a drill hole intercept of economic grade and
mineable thickness--has only about one chance in ten (probability
= 10'1) of becoming a successful mine, Order-of-magnitude
estimates of maximum gross value have been made for commodities
{e.g. uranium, base metals) that have a relatively good (1072)
probability for discovery of a commercial deposit in the Ladron
WSA.

The Ladron Mountains are a geologically young topographic
feature not more than about 5-10 million years (m.y.) old. The
core of the Ladron range is comprised of upwarped Precambrian
rocks formed in a relatively obscure environment of
sedimentation, volcanism, granitic intrusion, and mountain
building about 1300 to 1600 m.y. ago {middle Proterozoic time).
Major Precambrian rock units consist of: 1) an older
heterogeneous granitic complex (Capirote granitoid), 2) a complex
sequence of metamorphosed sedimentary and volcanic rocks (mostly
nonmarine), and 3) a younger quartz monzonite pluton (Ladron
pluton) characterized by the presence of two micés, muscovite and
biotite. It appears likely that the sedimentary-volcanic
sequence and underlying(?) Capirote granitoid were tightly
folded, faulted, and metamorphosed during at least one major
compressional event, prior to the intrusion of the Ladron pluton
about 1300 m.y. ago.

On a global scale, metamorphosed sedimentary and volcanic
rocks of middle Proterozoic age (1800-1000 m.y. old) are known to
be particularly favorable hosts for very large deposits of
uranium, or base metals, often worth billions of dollars. HNumerous

uranium and copper occurrences around the Ladron Mountains are
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found either within, or closely associated with, the Precambrian
rocks,

The western flank of the Ladron Mountains is underlain by
1480-1740 meters of marine and continental sedimentary rocks
deposited in late Paleozolc basins about 330-230 m.v. ago. Thin
basal conglomerates (0.3 m) of Mississippian age near Cerro
Colerado rest unconformably on Precambrian rocks and contain
subeconomic concentrations of gold (0.01 oz/ton). A
commercial placer-gold deposit along the late Paleozoic
unconformity is considered as possible, but unlikely (discovery
probability = 107°),

Mississippian and Pennsylvanian limestones have been
productive hosts for replacement and vein~type deposits of lead,
zinc, and barite (minor silver and copper) in the relatively
nearby Magdalena and Hansonburg mining districts of Socorro
County. Ores of the Hansonburg district have chemical
fingerprints indicative of a sedimentary-hydrothermal origin
(i.e. Mississippi Valley-type deposit). That is, they were
presumably formed in late Paleozoic time by progressive loading
and compaction of basin-floor strata, which drove metal-rich pore
waters {brines) toward basin margins where the metals were
preferentially trapped (precipitated) in chemically reactive
limestone beds. Lead-zinc-barite~gilver-copper~bearing siliceous
veins occur in Precambrian rocks within the Ladron WSA, and
Pennsylvanian limestones contain similar veins a few miles north
of the WSA., 8Silicified limestones west of Ladron Peak, which

occur in a fault zone of probable late Paleozoic age, may reflect
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lead-zinc-barite replacement deposits at depth. The potential
for a Mississippi Valley-type lead-zinc-barite deposit in the
Ladron WSA is speculative (discovery probability = 10'3), but
worthy of further research.

Gypsum beds within the Yeso Formation {Permian) are exposed
along the western margin of the WSA. The gypsum beds are too
thin (1-2 m) and too far from a market to be economic.

A proposed addition (under appeal) to the Ladron WSA, near
the settlement of Riley, is underlain by Triassic red beds (195~
210 m.y. old), and Cretaceous sandstones and shales (85~105 m.y.
old) of an intertonguing marine-nonmarine sequence. Nonmarine
Cretaceous strata contain seams of bituminous cocal that are too
thin (<0.5 m) and lenticular to be an economic resouzce.

Marine limestones and shales of Pennsylvanian age are
regionally known to be favorable source rocks for petroleum and
natural gas. In the southwestern corner of the Ladron WSA, near
Riley, Pennsylvanian source beds are at a favorable depth (2900~
3600 m) for the generation of petroleum or natural gas. A
northwest-trending basement structure of Pennsylvanian ancestry
in the favorable area may form stratigraphic and structural traps
at depth. Although the probability for generation of oil and/or
gas is high (10"1), numerous faults and dikes in the Riley area
may have allowed hydrocarbons to leak from reservoirs, which
reduces the probability for discovery of a commercial oil and/or
natural gas reservoir to about 1073,

In a prior mineral survey of the Riley-Puerticito area,
continental sandstones of the Baca Formation (ca. 45~38 m.,y. old)

were interpreted to have the capacity for commercial uranium



deposits, The Baca uranium potential does not extend into the
Ladron WSA.

Thirty million years ago the entire Ladron area was covered
by a continuous apron of volcanic rocks erupted from volcanoes
and calderas about 30 miles to the south, in Socorro-Magdalena
area, Basaltic flows erupted from fissures in the Riley area
then capped the volcanic plateau. Volcanic rocks now found as
down-faulted blocks along the eastern flank of the Ladron
Mountains lack siliceous veins and vent features of rhyolitic
volcanoes, both of which are commonly associated with porphyry-
type hydrothermal mineral deposits. The potential for porphyry-
type mineral deposits of Tertiary age, such as molybdenum, is
therefore considered to be nil.

Volcanic-rich conglomerates and playa mud deposits of the
Popotosa Formation (ca. 25~7 m.y. o0ld), which filled a closed
basin of the early Rio Grande rift, are known to contain lithium-
rich ash beds (0.2% Li) and some shows of uranium in sandstones.
Where the Popotosa Formation underlies a proposed addition to the
Ladron WSA (near "The Box"), it would be too deep for most
mineral exploitation.

The Ladron Mountains are now surrounded by a dissected apron
of alluvial fan deposits (Sierra Ladrones Formation), which
contain abundant clasts of Precambrian and Paleozoic rocks shed
from the rising Ladron block in fairly recent geologic time
(Pliocene~Pleistocene). Since these alluvial fan deposits
locally rest in distinct angular unconformity on the Popotosa

Formation, they are almost certainly younger than 10 m.y., and
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are most likely 1-5 m.y. old. Limestone-cobble fan deposits on
the western flank of the Ladrons are locally interbedded with and
capped by a limestone spring deposit (travertine caprock). These
stratigraphic relationships indicate an early period of
accelerated sediment flux, an intermediate period of accelerated
ground~water flux, and a later period of accelerated sediment
flux off the western flank of the Ladron Mountains during the
last 5 million years.. The period of high ground-water flux
probably reflects a cool/wet climate associated with the onset of
continental glaciation in late Pliocene to early Pleistocene time
(ca. 1-3 m.y. ago). Manganese deposits on the west flank of the
Ladrons (Black Mask mine) and uranium-copper deposits on the east
side of the Ladrons (Jeter mine) are Plio-Pleistocene in age.
Thus, they may be reasonably interpreted as ha§ing been deposited
from low-temperature, metal~rich, ground waters flowing away from
the core of the Ladron Mountains. "

The commercial-grade Black Mask manganese deposit
(production 566 tons Mn, avg. grade 42% Mn) was probably formed
by shallow ground waters locally rising along a north-trending
fault zone, which is now concealed by the cogenetic travertine
cap for a distance of 6 km north of -the mine, The probability
for discovery of a small ( 105 metric tons, i.e. subcommercial)
Black Mask-type manganese deposit in the WSA (concealed below the
travertine caprock) is judged to be relatively good (10"2), but
the probability for discovery of a commercial manganese deposit
(1.4 x 107 metric tons) is judged to be low (10™4).

A travertine caprock, which covers the western half of the

Ladron WSA, represents about 225 million tons (150 million tons
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in WSA) of strippable high-calcium limestone suitable for cement
production. Other materials used in cement production (e.qg.
coal, shale and gypsum) are available near Riley. This
substantial limestone resource is presently too far from a market
to be economically exploited, but the probability of sufficient
future demand to become commercial is judged to be good (10'2).

Since its discovery in 1954, the Jeter uranium-—copper deposit
(production 58,582 lbs U;0g, avg. grade 0.33% U30g) has been
interpreted to be of magmatic hydrothermal origin; that is,
presumably deposited from hot waters ascending along the Jeter
fault from an intrusion at depth. However, the asymmetry of
alteration and mineralization {restricted to footwall), and the
lack of silicification argue otherwise. Strong evidence for a
supergene origin--presumably deposited from low-temperature ground
waters descending along the Jeter fault--is found in trace element
analyses {NURE data, 1981) of three vertically oriented samples
from the Jeter ore zone.

In Wyoming~type sandstone uranium deposits, which are of
widely accepted supergene origin, concentrations of molybdenum
consistently peak down dip (down flow path) from peak uranium
values; both metals accumulate in reduced ground down dip from an
oxidation-reduction boundary. Jeter ore metals (copper-uranium,
0.4 to 0.2%; zinc-nickel~-cobalt-lead, 0.05 to 0.01%; and
molybdenum-tin-vanadium, 0.007 to 0.002%)) all show strong

vertical zonation. EKey peaks of uranium, at top of ore zone, and

lnaximum metal values of ore on stock pile.

xiii



molybdenum, at middle of ore zone, indicate deposition from
waters with a downward component of flow {i.e. descending ground
waters). Other constraints (such as late Cenozoic age, presence
of copper, and only one reasonable source of descending ground
water) indicate that the Jeter deposit was formed by acidic
ground waters derived from weathering {wetting and oxidation) of
copper—zinc-lead-sulfide mineralization and uranium-oxide
mineralization in Precambrian rocks that underlie the crest of
the Ladron Mountains. In the vernacular of Canadian exploration
geochemists, the Jeter deposit may be classified as a displaced
geochemical anomaly, which has been laterally shifted from its
source. Discovery of additional Jeter-type deposits is wvirtually
assured at points where the metal-rich ground waters passed
through a strongly reducing media, such as fault slivers of
carbonaceous shales (Pennsylvanian Sandia Formation). Most of
the potential for small Jeter-type uranium deposits (~105 lbs
U30g) which would be subcommercial at either current prices
(~17-208/1b U430g) or at foreseeable prices (~45 $/1b U30g), lies
just east of the WSA boundary. The probability for discovery of
a commercial Jeter-type deposit east of the WSA is judged to be
fair (1073),

The original bulk metal content of the Jeter deposit
(production plus reserves) is estimated to have been as much as
120,000 lbs of uranium oxide; 60,000 lbs of copper; 15,000 lbs of
zinc; 9,000 lbs of nickel; 6,000 1lbs of cobalt, and 3,000 lbs of
lead. Essentially continuous alteration and low-grade
mineralization along the 11.2 km length of the Jeter fault

implies that the Jeter deposit (55 m strike length) may represent
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as little as 1/200th of the metals weathered from the Precambrian
rocks upslope. Therefore, the metals potential of near-surface
Precambrian rocks in the Ladron Mountains may be as much as 200
times the metal content of the Jeter deposit. Available data
indicate that the Cu-Zn-Pb~Co-Ni content of the Jeter deposit was
primarily derived from weathering of high~grade sulfide
mineralization and that uranium was weathered from a separate
source consisting of uranium-oxide mineralization. At current
metal prices the polymetallic source (sulfide mineralization)
would have an agdaregate value of about 30.6 million dollars.
Likewise, at current to foreseeable uranium prices the uranium
source (oxide mineralization) would have an aggregate value of
about 0.4 to 1.2 billion dollars. Based on these rough estimates
of bulk metal content, the Precambian core of the Ladron
Mountains is judged to have a relatively good probability (10“2)
for discovery of a commercial uranium deposit and a good
probability (10'2) for discovery of a commercial polymetallic
sulfide deposit. This area of commercial mineral resource
potential lies in the scenic heart (~16 square miles = 41 kmz) of
the Ladron WSA.

Two detailed studies of the Ladron Mountains (Black, 1964;
Condie, 1976) report numerous copper occurrences (oxides after
sulfides) scattered throughout the Precambrian metamorphic
terrane. Unfortunately, exact locations of these occurrences are
not given. However, our reconnaissance has located a small
copper prospect (1.2 x 2.4 x 4.5 m shaft, parallel to layering)

in guartz-mica schist (Torres Schist of Black) near the head of
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Alamito Canyon. Dump material at the Alamito Canyon prospect
includes a limonite gossan indicative of high~grade metallic
sulfide mineralization; traces of unoxidized copper sulfides are
also present. Analysis of the gossan indicates that it was a
suitable source for the Cu-in-Pb~Ni-Co metal suite of Jeter
deposit. An anomalous concentration of uranium in the gossan
(0.1%) is surprising since there is no anomalous radioactivity at
the prospect. The observations may be reasonably explained if
uranium was recently weathered from a nearby source (leaving
radioactive daughters behind) and then adsorbed by iron oxides in
the gossan. Upslope exposures of metamorphic rocks and the
Ladron quartz monzonite pluton are the only reasonable sources of
uranium at the Alamito Canyon prospect.

Black (1964, p. 77) interpreted copper sulfide occurrences
like that of the Alamito Canyon prospect to be of Precambrian age
and described them in terms of a magmatic hydrothermal origin.
Black states: "hypogene copper-sulfide fissure veins....are
scattered throughout the Torres Schist and are generally
controlled by fissures along the schistocity or bedding planes".
Clearly, the description is of a copper sulfide mineralization
parallel to the dominant schistocity and bedding (structural
layering?). An alternative working hypothesis proposed here is
that "copper~ sulfide fissure veins® of Black and the Alamito
Canyon prospect most likely represent stratiform polymetallic
sulfide deposits of premetamorphic age and of sedimentary or
volcanic origin. This stratiform interpretation reasonably
explains the parallelism of mineralization to layering and the

apparent spatial limitation of mineralization to a metamorphosed
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sedimentary-volcanic unit (Torres Schist).

Weathering of stratiform polymetallic sulfide deposits is
the most likely source of base metals (excludes uranium) in the
Jeter deposit. A rough estimate of the bulk metal content in
near surface polymetallic sulfide deposits (extrapolated from the
Jeter deposit, see p. xv) indicates a potential for stratiform
deposits of commercial significance. The probability for
discovery of a small commercial deposit (~5 million metric tons)
of stratiform polymetallic sulfides in Precambrian metamorphic
rocks of the Ladron WSA is judged to be relatively good (lO"ZL
Geochemical data suggest that a commercial deposit of
polymetallic sulfides could produce significant amounts of the
strategic metals, cobalt and nickel, as byproducts.

The extremely high uranium content (704 ppb) of well
waters at the L.azy C Bar J Ranch (at eastern foot of Ladron
Mountains) is a strong indication of ongoing weathering of high-
grade uranium mineralization in Precambrian rocks west of the
ranch. Earlier weathering of similar uranium mineralization in
Precambrian rocks was the most likely source of uranium now
trapped in the Jeter deposit. A rough estimate of the bulk
uranium content of near-surface Precambrian rocks (see p. xv)
indicates a commercial uranium potential of as much as hundreds
of millions to a billion dollars. The probability for discovery
of a commercial uranium deposit in the Precambrian core of the
Ladron Mountains is judged to be relatively good (10"2).

Possible, but unverified, types of uranium deposits that

could be discovered in the Ladron Mountains are: 1) metamorphosed
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sandstone-type uranium deposits in a quartzite~schist transition
zone, peripheral to sulfide mineralization; 2) contact
metasomatic or hydrothermal hematite-~uranium oxide veins

associated with the two—mical

Ladron pluton; 3) high-grade and
low—-grade uranium oxides disseminated in the two-mica Ladron
pluton; and 4) unconformity~-type uranium veins associated with a
possible unconformity separating the Capirote granitoid and
overlying(?) arkosic metasediments.

Precambrian rocks of the Ladron Mountains contain three
other areas favorable for mineral resources, Thin (mostly less
than 1 meter), siliceocus veins on the east flank of the Ladrons
(Hanson district of Jones, 1904) have been verified to contain
minor lead-~zinc-copper sulfides, barite, as much as 10 oz/ton
silver, and as much as 0.02 oz/ton gold., Although silver values
are economic, veins of mineable width and grade are not known to
be present at the surface. Because they are mostly thin and
discontinuous, silver veins of the Hanson district are judged to
be of low economic potential (probability of commercial deposit
10'5). However, as previously stated, similar lead-zinc-barite
veins may be associated with replacement deposits in limestones
west of Ladron Peak, which are more likely to be of commercial
size and grade.

An exposure of coarse-~grained granite, about one mile
southwest of Ladron Peak, is reported to contain minor amounts

(0.1-0.6 volume percent) of disseminated "primary" fluorspar in

loyo-mica granitic rocks are commonly associated with uranium
deposits.
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three of six samples from the area. Trace-element analyses (NURE
data) of sediments in arroyos, generally emanating from this
area, contain anomalous values of tungsten (15 ppm) and bismuth
(6 ppm). The apparent (but not verified) association of high
tungsten and bismuth with a fluorite-bearing granite suggests
that a tungsten~bismuth (-tin?) greisen deposit may be present in
this area of the WSA. |

An area of microearthquake activity, which has a signature of
magma intrusion, has been identified on the northeast flank of the
Ladron Mountains (Sanford and others, 1979; A.R. Sanford, oral
comm., 1982). Average depth of earthquake foci ( 5 km},
indicate a potential geothermal reservoir may be present near
this depth. No thermal springs and no heat-flow tests are known
in the area. Deep geothermal reservoirs of this nature have not
yet produced commercial energy, and would certainly test the
limits of current technology.

The Ladron WSA contains no discernible potential for the
strategically important metals of the platinum group or chromium,
as ultramafic rocks are not known in the area. However, as
previously stated, the Ladron WSA has varying potential for
production of some strategic metals, namely cobalt, nickel,
manganese, tin and tungsten.

In conclusion, Precambrian rocks that form the core of the
Ladron Mountains (and the scenic heart of the Ladron WSA) are
judged to have a relatively good probability (10'2) for discovery
of a commercial uranium deposit and a relatively good probability

(10“2) for discovery of a commercial polymetallic (Cu-zZn-Pb-Ni-
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Co) sulfide deposit of stratiform geometry. This uranium
potential could be worth as much as a billion dollars, at
foreseeable prices. Discovery and develcpment of a large uranium
ore deposit would certainly benefit the local population and
economy, consumers in general, and all levels of government.

Delineation of specific exploration targets for uranium
deposits and polymetallic sulfide deposits in the Ladron
Mountains could be achieved by a combination of detailed geologic
mapping (~1:12,000), detailed structural and stratigraphic
analysis of metamorphic rocks, detailed multi-media geochemical
surveys, and detailed geophysical surveys such as a helicopter-
borne electromagnetic survey. Detailed studies of this nature
would require a dollar investment in the hundreds of thousands,
and several years to complete.

Private industry is considered to be the most appropriate
entity to test our interpretation of high mineral resource
potential in the Ladron Mountains, with the least expense to the
taxpayer. Should the U.S. Bureau of Land Management recommend
the Ladron study area for "wilderness" status, then the U.S,
Geological Survey and U.S. Bureau of Mines will be required to
make a "final®! mineral resource evaluation, The conclusions of
this preliminary evaluation should allow any future evaluation to
take advantage of the first law of serendipity: "In order to
discover anything, you must be looking for something"” (Ohle and

Bates, 1981).

1The state-of-the-art in mineral exploration requires that a
comprehensive drilling program be a major part of the final
(ultimate) resource evaluation in any area of high potential.
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Our preliminary interpretation of the mineral resource
potential of the Sierra Ladrones Wilderness Study Area and
vicinity is summarized as explicitly as possible in Figure 7

(page 65).
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INTRODUCTION

Problem and Purpose

The Sierra Ladrones Wilderness Study Area (Ladron WSA) is a
sixty-one square-mile "island" of undeveloped Federal land
centered on the western flank of the rugged Ladron Mountains in
central New Mexico. As appropriate for undeveloped land, the
Ladron WSA does not contaln any well defined mineral deposits of
commercial significance. Yet, there are numerous mineral
prospects, some small mines with recorded production, anomalously
high metal values in arroyo sediments (National Uranium Resource
Evaluation, NURE data), and other more subtle signs (e.g. known
petroleum source beds at depth), all of which indicate a wide
variety of economic mineral deposits may be concealed below the
surface of the Ladron WSA. What type of mineral deposits? Where
would they be found? How valuable could they be? What is the
probability for discovery of a commercial mineral deposit?

The purpose of this report is to present a preliminary
evaluation of the mineral resource potential of the Ladron WSA,
which provides tentative answers to the above guestions. The
preliminary evaluation is based on a detailed analysis of
geoscience data obtained from a thorough literature review and a
brief field reconnaissance. From the start it should be made
clear that the available data base is inadequate to make more
than "order-of-magnitude" estimates of potential mineral value.
The most important use of this report should be to define those
areas of the Ladron WSA that warrant further detailed study and

data collection, because they have a significant probability for



discovery of commercial mineral deposits.

Luchitta and others (1981) have summarized the newly

appreciated reality of life on a finite earth.
Limitations, tradeoffs and price: these are
the attributes of the new reality. In today's
closed system nothing is free, everything has
a price. If I want this, I must expect to pay
for it with that. To add here, I must take
away there. There are no acquisitions only
eXxchanges.

The administrator of the Ladron WSA {Socorro District Office
of the U.S. Bureau of Land Management) may weigh this preliminary
estimate of mineral value against wildlife, grazing, and
wilderness values to determine the potential "price" of a Sierra
Ladrones Wilderness, which would be closed to utilization of
mineral resources. Determining the "price" for different types
of land use is a serious and challenging task for all involved.
How does one estimate the mineral value, or the wilderness wvalue,
of any area in comparable units--presumably dollars? Can, or
should, wilderness values be measured in dollars? Natural
resources play a key role in determining the economic stature and
political power of all nations. The concept of preserving wild
areas, primarily for recreational and conservational purposes, is
relatively new. 8o far, wilderness areas play an uncertain role
in our national well being. Some newly designated wilderness

areas are so popular that a perpetual "visitor" population has

become a jeopardy to maintaining wilderness values.



Location and Accessibility

The Ladron WSA is located in central New Mexicog on the west
flank of the Rio Grande valley (Fig. 1l). The towns of Belen,
Socorro and Magdalena are respectively about 48 km to the
northeast, 48 km to the southeast, and 32 km to the southwest of
the WSA. The crossfoads community of Bernardo is about 16 km
east of the Ladron area.

The main routes of access to the WSA are graded dirt roads
that extend from Interstate 25 at Bernardo and U.S. 64 at
Magdalena to the settlement of Riley, which lies on the west
margin of the WSA. Numerous ranch roads and jeep trails branch
off of these main roads and lead to windmills, cattle tanks and
mineral prospects within the boundaries of the WSA. Only a 12
square mile area of rugged terrain around Ladron Peak contains no
access roadways. Permission to use roads through the Sevilleta
National Wildlife Refuge is required to gain access to the Cerro
Colorado area on the southeast flank of the WSA. During the
summer thunderstorm season many of the dirt roads and trails are
passable only with a four-wheel-drive vehicle. Perennially
flowing portions of the Rio Salado (east of "The Box") should be
crossed at moderate speed, since even four-wheel-drive vehicles
have been known to sink to the frame in the oversaturated channel

gands {(quicksand).

Physiography

The Ladron WSA lies across a gradational boundary between
the southeastern margin of the Colorado Plateau, underlain by

Paleozoic and Mesozoic strata, and the western flank of the Rio



Grande rift, which is expressed by fault-block mountain ranges
and intervening alluvial basins of late Cenozoic age. A
significant change in the physiographic expression of the rift
occurs at the Ladron Mountains. To the south, the rift appears
as a wide zone of north-trending basins and ranges, and to the
north the rift narrows into a singular looking "rift wvalley".

Landforms in the Ladron area consist of: 1) mountain peaks
and canyons cut in granitic and metamorphic rocks of Precambrian
age that form the core of the Ladron Mountains; 2) a hogback of
west-tilted Pennsylvanian limestones along the western flank of
the Ladron Mountains; 3) generally south-facing cuestas of
Permian limestones and Cretaceous sandstones in the Riley area;
4) a broad travertine-capped mesa north of the Rio Salado; 5} a
band of dendritic drainages and irregular hillslopes developed on
beds of the Santa Fe Group along the flanks of the Rio Salado; 6)
broad and/or locally dissected gentle slopes of coalescent
alluvial fans (bajadas) of Pleistocene age, along the western and
northern flanks of the Ladron Mountains; and 7) the narrow
floodplain of the Rio Salado. A mile-wide band of rounded
foothills along the eastern flank of the Ladron Mountains has
been described by Condie (1976} as a zone of sheared and altered
Precambrian rocks. This band of low hills may also represent an
exhumed pediment surface, once mantled by alluvial fan deposits
similar to those that form the hills east of the Lazy C Bar J
Ranch (QTs, Fig. 2).

Elevations in the WSA range from 92,176 feet (2,797 m) at
Ladron Peak to about 5,200 feet (1,585 m) in the Rio Salado just

east of "The Box". Sparse desert vegetation consisting mainly of



creosote bush and varieties of gramma grass reflects the semiarid
climate of lowlands in the WSA. An area of pifion/juniper forest
is present around Ladron Peak above an elevation of about 6,590
feet (1,981 m). Also, small stands of Ponderosa Pine, Douglas
Fir, and Aspen occur locally on the highest of north-facing slopes
(Manthey, 1976). The forested area is indicative of a relatively

cool climate and greater precipitation in the highlands.

Previous Geologic Investigations

Numerous publications and unpublished theses are available
that describe various geologic aspects of the Ladron region.
However, most of these references are of a reconnaissance nature
and contain relatively little detailed information pertinent to
the mineral potential of the Ladron WSA.

For this evaluation, the most informative geologic reports
and maps were found to be: Black (1964), Condie (1976), Kelley
and Wood (1946), Denny (194@), Bruning (1973), and Chapin and
others (1979). Other reports and maps concerning the Ladron area
are provided by Noble (1958), Duschatko and Poldervaart (1955},
Haederle (1966), and Massingill (1971). Generalized geologic
maps that include the Ladron area have been published by
Winchester (1921), Darton (1928), Spiegel {1955), Dane and
Bachman (1965), Kelley (1277), and Machette (1978). The Riley
15' gquadrangle within Machette's 1978 compilation is taken from
an unpublished map by G.O0. Bachman (ca. 1977). The Riley
Quadrangle includes all of the Ladron WSA.

When the above sixteen geologic maps are compared in areas

of overlap, numerous discrepancies become apparent, indicating



several problem areas for additional study. The most notable
problem areas involve: 1) the structure, "stratigraphy" (tectonic
layering?), and age relationships of Precambrian rocks in the
Ladron Mountains (cf. Noble, 1958; Black, 1964; Condie, 1976); 2)
the correlation and structure of Paleozoic and Cenozoic strata in
fault blocks along the east flank of the Ladron Mountains (cf.
Denny, 1948; Black, 1964; Bruning, 1973; Kelley, 1977; Machette,
1978); and 3) the structure in Paleozoic rocks west of Ladron
Peak (cf. Kelley and Wood, 1946; Machette, 1978).

The most informative description of mineralized areas in the
Ladron Mountains is provided by Black (1964, p. 77-88). Cursory
descriptions of the same and other mineral prospects are briefly
presented by Noble (195¢9), Haederle (1966), and Condie (1976).
Regional mineral surveys by Johnston (1928), Lasky (1932),
Farnham (1961), and Hilpert (1969) provide some information on,
respectively, fluorspar, copper-fluorspar, manganese and uranium
prospects in the Ladron area. Collins and Nye (1957) summarize
key observations from drill holes around the Jeter uranium mine.

Results of over a decade of detailed geologic mapping in the
Socorro-Magdalena—~Riley area are summarized in papers by Chapin
and Seager (1975), Chapin and others (1978), and Chapin and
others (1979). Combined, these papers provide a regional
stratigraphic and structural framework applicable to problems in
the Ladron area. Chapin's 1979 paper discusses the coal,
uranium, o0il and gas potential of the Riley-Puerticito area,
which overlaps the southwest side of the Ladron WSA.

Geochemical data for Precambrian rocks from the Ladron

Mountains may be found in Condie and Budding (1979), Cookro



(1978), and Farquhar (1976). D.L. White (1977) determined the age
of the Ladron pluton as part of a Rb-Sr geochronologic study of
Precambrian rocks in central New Mexico. Chemical analyses of
trace elements in stream sediments and ground waters in the
Ladron area have been tabulated by Planner (198¢) and by Pierson
and others (1981). Pierson's report also lists definitive trace
element data on mineralized rocks from the Jeter uranium mine.
Planner's and Pierson's reports are just two of hundreds of
similar reports spawned by the Department of Energy's National
Uranium Resource Evaluation (NURE) program.

Geophysical studies in central New Mexico have been focused
on the Rio Grande rift. Numerous papers describing the
geophysics and geology of the Rio Grande rift are found in a
symposium volume edited by Riecker (1979) and a symposium field
guide compiled by Hawley (1978). Cordell (1978) has summarized
the geophysical setting of the Rio Grande rift. A regional
gravity map (Cordell and others, 1978) and magnetic¢ intensity map
{Geometrics, 1273) of the Ladron area are available.

Many other papers pertinent to the Ladron area are cited in

various sections of this report and listed in the References.

Pregent Investigation

The assignment is to "locate all known and indicated mineral
resources" in the Ladron WSA on the basis of geoscience data
obtained from a thorough literature review and a brief field
reconnaissance. The key data gathered from the literature
consist of geologic maps, locations and descriptions of surface

mineral occurrences (some with chemical analyses and production



data), and trace-element geochemical analyses ©of 63 arroyo
sediment samples plus 17 ground water samples collected in the
Ladron area as part of the National Uranium Resource Evaluation
(NURE) .

Some additional information was obtained through a six-week
field reconnaissance that was done to: 1) verify locations and
descriptions of reported mineral occurrences, 2) spot-check
geologic maps, and 3) make scintillometer surveys along traverses
in areas of reported uranium mineralization. Thirty rock and
vein samples collected during the reconnaissance were selected
for chemical analysis. Siliceous vein materials and one
conglomerate were fire-assayed to determine gold and silver
content. Emission spectrography was used to determine trace
element contents of four travertines and one limestone. Atomic
absorption techniques were used to determine trace metal (Cu, Pb,
Zn, Co, Ni, U) contents of a few key samples. Results of these
analyses are listed in the Appendix and incorporated within
appropriate sections of the report. As much as possible, the key
data used in this analysis are presented "as received" in the
figures and tables that accompany the report.

Analysis of the available data involved several steps:

1) formulating a rudimentary geologic history (geologic

setting in a time framework);

2} grouping (classification) of similar mineral

occurrences—-presumably tied by genetic threads
(e.g. oxide copper-uranium occurrences along the

Jeter Fault);



3) placing grouped occurrences (types of deposits) in
time and space framework of geologic history (requires
working interpretation of age of mineralization);

4) deducing a rudimentary working model (concept) for the
genesis of each type of deposit--supported by
authoritative literature;

5) using predictive capabilities of each model to outline
a favorable area for discovery and to place limits on

economic potential.

In practice, the first four steps were not completed in any
specific order, and in some cases all steps were made implicitly
(with no explanation). Depending on the degree of understanding
(data base and concepts) for the different types of deposits, the
analysis could be done in essentially one quick step (e.g. coal),
begin and end with a concept (e.g. geothermal), or require
complex chains of thought and reiterations through multiple
working hypotheses (e.g. uranium—-copper).

Geologic concepts are the most penetrating tool used in this
hypothetical "look" for mineral resources below the surface of
the Ladron WSA. Many of the conceptual models used here have
been gleaned from a "state-of-the-art" volume honoring the 75th
Anniversary of the Economic Geology Publishing Company (Economic
Geology, 75th Anniv. Vol., 1981). The conclusions presented in
this preliminary evaulation are not unequivocal, but they are
geoclogically defendable on the basis of available data.

Perspective bias is an inherent part of any mineral resource
evaluation based on an incomplete data base (Zwartendyk, 1981}.

Where critical information is lacking, we have been cautious not

149



to extrapolate significantly beyond the scope of the available
data. However, to estimate the full mineral potential of any
area requires an optimistic perspective bias, which seems

appropriate in a preliminary study of this type.

Expression of Mineral Resource Potential

To express the possiblity that something exists, or does not
exist, requires that the "something" be clearly defined. The

U.S. Geological Survey defines a mineral resource as "

a
concentration of naturally occurring solid, liquid, or gaseous
materials in or on the Earth's crust in such form that economic
extraction is currently or potentially feasible" (U.S8. Geological
Survey, 1976). Mineral resources are dynamic guantities that
exist only in a constantly changing frame of reference bound by
fluctuating commodity prices, new technologies of extraction, and
ongoing consumption (for a discussion of resource terminology and
resource assessment see Harris and Agterberg, 1981).

As used here, the term "mineral resource" is synonomous with
the term "economic mineral deposit"”, which Snow and MacKenzie
(1981, p. 895) define as: "a deposit that satisfies minimum
acceptable size (e.g. total revenue) and profitability (e.g. rate
of return) criteria". 1In their evaluation of possible economic
mineral deposits in the Canadian Shield region, Snow and
MacKenzie (1981, p. 877) suggest a total revenue of at least 20
million dollars and a rate of return of at least 8 percent as
minimum criteria for an economic mineral deposit. Obviously, the

minimum size and profitability criteria acceptable to a large

corporation, to a weekend prospector, and to the U.S. Government

il



would not be the same. For the purpose of this report we will
assume that a profitably mineable deposit worth about $25 million
in the ground (gross value in place) at current or foreseeable
commodity prices is an economic mineral deposit of commercial
significance. Assuming a nominal 28 percent loss of mineral
value during the extraction process, such a deposit would yield
Snow and MacKenzies' minimum total revenue of $2¢ million.

Potential mineral resources--that is, undiscovered economic
mineral deposits—~~cannot be inventoried, they can only be guessed
at. Most statistical methods that have been used in regional
mineral resource assessments (see Singer and Mosier, 198l1) are
generally not appropriate for use in a small area like the Ladron
WSA. Geologic analogy (comparison with known economic deposits)
and simple subjective estimates of the capacity (e.g. volume) of
a mineralization system are used in this preliminary evaluation
of resource potential.

Types of products found in published rescurce assessments
(singer and Mosier, 1981) include: tons of rock and associated
grade; gross value; potential (relative capacity):; number of
deposits by type; potential supply (tons recoverable), net value;
and probability of one or more economic deposits. The primary
expressions of mineral potential used for the Ladron WSA are: 1)
the probability of discovery of one economic mineral deposit
(for each type of mineral deposit indicated), and 2) a subjective
estimate (educated guess) of the maximum gross value for some of
the better known types of mineral deposits.

In his textbook entitled "Exploration and Mining Geology",

12



W.C. Peters (1978, p. 530) presents a summary of statistical data
and educated opinions concerning the odds for success; that is,
discovery of an economic mineral deposit. From this information,
Peters makes the generalization which states:

... out of several hundred favorable sites

for ore mineralization examined by geologists,

one is likely to become an orebody. If the

indications are strong enough for detailed

surface investigation, one in 1#@; if attractive

enough to drill, one in 58; after ore-grade

mineralization has been verified, one in 18."
Peters also cites statistics from a regional exploration project
in India (Operation Hardrock), which indicates that simply
beginning with a large area (89,989 km2) the odds for success are
about one in 1,0@8@. From exploration data in the Canadian Shield
area, Snow and MacKenzie (1981) have estimated that 1 in 50
economic mineral occurrences {(drill hole intercept of economic
grade and thickness)} becomes a successful mine. Under the most
favorable conditions (e.g. exploration in an established mining
district), the odds for success may reach 5 in 19 (Chle and
Bates, 1981).

For the purpose of this report, statements concerning the

probability of discovery of an economic mineral deposit are
based on the following list of guidelines (indications), which
are in general agreement with the observations cited by Peters.
Relative probability terminology used here (e.g. high, fair, nil)

is given in parentheses.
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Probability

1g-1

192

1g-3

18-5

(high)

(good)

(fair)

{(very low)l

(nil)

Indication

drill hole intercept or exposure of
ore-grade mineralization across
mineable thickness;

area of known surface
mineralization where geology is
similar to that of known ore
deposits;

within region of known
mineralization in favorable
geologic settiﬂg;

within area with favorable geologic

setting but no known

mineralization;

- within area of unfavorable geologic

setting (e.g. don't look for
0il in granite or coal in lava

beds}.

It should be kept in mind that these probabilities are all

numerically small (i.e. ore deposits are rare)} and should be

applied in a relative fashion to keep the proper perspective.

For example, it would be bad news if your doctor said that you

have a relatively low (1/14) probability of surviving an

operation.

But a mining company would be elated to have access

1 Note, there is a quantum jump in decreasing probability of

success here because the absence of mineralization indicates some

key break in the chain of geologic processes that form an ore deposit.

14



to land with a relatively high (1/10) probability for discovery
of a multimillion-dollar ore deposit.

The frequency distribution of ore deposits, by any measure
of size, is strongly skewed toward smaller deposits. Data
presented by Snow and MacKenzie (1981, fig. 4} illustrate that
for every ten ore deposits worth 10-20 million dollars (return
after taxes) there is about one or two ore deposits in the 10@-
260@ million dollar range. For our purposes we assume that a ten-
fold increase in size of a potential ore deposit represents a
ten~-fold decrease in the probability for its discovery. There
are many other factors (especially commodity price) that
influence the actual numerical probability for discovery of an
ore deposit (see Snow and MacKengzie, 1981; Chle and Bates, 1981).

Estimates of the maximum gross value of potential mineral
resources in the Ladron area are based on conceptual est;mates of
the capacity (e.g. volume) of the envisioned mineralization
system (commonly limited by the volume of potential host rocks).
Commodity prices used are from the May 1982 issue of Engineering
and Mining Journal or from other relatively recent sources.
Calculation sheets for these order-of-magnitude estimates are
included in the Appendix. It is recognized that losses of 1@ to
38 percent in mineral value, associated with standard mining and
milling processes, must be subtracted from gross value to
determine potential recoverable value. Subtracting these lost
value percentages from our order-of-magnitude estimates of gross
value would simply produce estimates of recoverable mineral value

in the same order of magnitude.
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MINING AND EXPLORATION HISTORY

by R.W. Eveleth and R.M. North

Early Discoveries

The Sierra Ladrones (Spanish for "Thieves Mountains") are
nearly as obscure and isolated today as they must have been to
the Spanish, Mexican, and American miners of the nineteenth
century. Some evidence exists that these mountains were
prospected for minerals before the arrival of the Americans,
during and after the Civil War era. For example, The Lone Star,
El Paso, Texas, on March 4, 1882 (4:1) states: "An old Spanish
mine has been discovered in the Ladron district, northwest of
Socorrxo." A close examination of other newspapers from this
period would doubtless reveal additional citations.

According to Jones (1994, p. 114), the first mineral
discovery in the Ladron Mountains (Hanson district) was made in
1868 by an American prospector named Hanson. While American
prospectors were doubtless present in the area at that time
(Felipe Chaves papers, ca 187@), Hanson does not appear on the
scene until ca. 1879-1880 (Socorro County claim records). Prior
to 1879, claims were recorded only in the "Ladrones" district.

Although a "Ladrones mine" was located in 1866 by Francisco
Armijo in the Sabinal district (location uncertain), the first
claim in the Ladron Mountains appears to have been the Santa
Iduvigen Lode, Domingo Jaramillo claimant, 1868 (Socorro County
claim records). Curiously, no follow-up activity is recorded as
a result of Jaramillo's discovery. Doubtless, renegade Indians

represented a serious threat, which caused the prospecting

18



incentive to take a back seat to survival instincts.

Prospecting, prior to 19¢0, experienced its greatest
activity during two periods: 1879-84 and 1895-97. Much time and
effort were directed toward the district during the earlier
period, with some 175 claims located. In 188¢, a group notably
headed by then Territorial Governcor, Lew Wallace, was the single
largest claim holder with nine claims. "Silver ores, Ladrone
Mts" was prominently displayed on an 1882 map of the mineral
regions around Socorro (Anonymous, 1882). The only two mineral
surveys in the Ladron district were located during this period
(Emma, M.S. 622 1/27/1882, and Lawrence, M.S. 631, 1/1/1883).
The Lawrence Lode was eventually patented during 189¢. Other
prospects which attained some degree of prominence at this time
were the Picotite lode, adjacent to the Lawrence (field notes,
M.S. 631, and Bullion, 1885), and the "Blue mine" (Burchard,
1883, p. 687). |

The second flurry of prospecting activity in the Ladron area
apparently resulted from a late 1895 or early 1896 discovery

which purportedly "uncovered a vein of lead ore that was eight

feet wide ...containing... 4@ percent lead and $12 in gold per
ton" (equivalent to over 1/2 ounce gold per ton) (N.M. Bur.
Immigration, 1896, Southwest Illustrated Magazine, 3/1896).
While these discoveries resulted in predictions of great
production from the district (Southwest Illustrated Magazine, v.
II, no. 4, p. 187), little, if any, success seemed to result from
them.

Based on the mineral survey locations (Lawrence and Emma

lodes), most of this activity was concentrated in an area east
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and northeast of Ladron Peak, in sections 22, 27, and 34, T. 3 N.,
R. 2 W., where numerous pits and shallow shafts may still be
observed (Fig. 5). This long established silver mining district
on the northeast flank of the Ladron Mountaing lies within the
proposed Ladron WSA. Historically, this silver district has
become obscure, since it was overlocked in Lasky's (1932) report
on ore deposits of $ocorro County.

Prospecting efforts in the Ladron district were directed
toward locating gold and silver minerals, namely the native forms
plus argentite and chlorargyrite, usually associated with the
lead and copper minerals galena, azurite, and malachite. Gangue
minerals include gquartz, calcite, and various oxidized compounds
of iron and manganese (N.M. Bur., Immigration, 1881, p. 6).

Jones (1994, p. 114) reported that "the district has never
produced". However, it seems likely that small, hand-sorted
shipments of silver-gold ore were probably made to local smelters
during the earlier mining period. At that time no less than two
smelters were competing for ore in nearby Socorro {unfortunately,
no records are extant).

One other prospect, located about one mile west of Ladron
Peak, may date from the earlier period. According to Herrick
(1912) "a small amount of prospecting has been done [on the
western slope of the Ladron Mountain] with rather interesting
results." No other information regarding early prospecting on

the western slope has been found to date.

Later Activity

In 1926, Juan D. Torres of Magdalena located the Marcia #1
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claim in the southern Ladron Mountains near Cerro Colorado
(sEl/4, SE1/4 Sec. 18, T. 2 N., R. 2 W.) and produced one car of
metallurgical grade fluorspar. This prospect has since become
known as the Juan Torres (Johnston, 1928, p. 125). Although the

fluorspar is associated with copper carbonates and sulphides, "no
attempt seems to have been made to recover the copper" (Lasky,
1932, p. 892). Some work may have been done after Lasky's wvisit,
but no additional production is recorded (NMBMMR file data).
Lasky (op. cit.) also mentioned an unsuccessful attempt to
produce cement~copper by precipitation on scrap iron at the Rule
Prospect, which is located in the Sevilleta Wildlife Refuge on
the southeast flank of the WSA (Fig. 5).

Chapin and others (1979, p. 12-15) have summarized coal
mining activity in the Riley-~Puertecito area that apparently
ceased by 1940. Two adits and several small pits are reported to
be present in Cretaceous coal-bearing strata about one mile
southwest of Riley {(Sections 26 and 27, T. 2 N., R. 4 W.). The
mine in Section 26 is described as being driven on a coal bed 4
feet 8 inches (1.4 m) thick. Most of the production, estimated
+to be a few hundred tons, was probably consumed in furnaces of
Riley and Magdalena residents.

During the 194@'s, when the need for manganese became
crucial, several groups of claims were located in the vicinity of
the Rio Salado on the southwest side of the Ladron Mountains
(Farnham, 1961). These include the Romero Black Cat group in
Sec. 5, T. 2 N., R. 4 W.; the Brown Mask group in Sec. 11, T. 2

N., R. 4 W.; the Black Mask group, Sec. 20, T. 2 N., R. 3 W.: the
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McPhaul /Hackberry/Santa Rita group in Sec. 1 znd 12, T. 1 N., R.

3 W.; and the Sarracino group in Sec. 12, T. 1 N., R. 3 W. In
1954, the Rio Salado group was located in Sec. 6, T. 1 N., R. 2
W. The latter four properties are within the Ladron WSA.
Manganese production from these properties is listed in Table 1.

The most productive mining venture in the Ladron area was
the Jeter uranium mine (also known as the Charley 2 mine), which
is located just east of the WSA boundary (SwWl/4, NE1/4, Sec. 35,
T. 3 N., R. 2 W.). The workings consist of an open pit and an
inclined shaft descending at approximately 25 degrees in an
easterly direction from the bottom of the pit. Government
records provided by W.L. Chenoweth (DOE, Grand Junction) show
that the Jeter mine produced 8,826 tons of ore with an average
grade of ¢.33 percent U30g during its lifetime from 1954 to 1958.
The Jeter mine is credited with production of 58,562 pounds of
U3z0g and 3,202 pounds of Vgy0g (op. cit.); this is equivalent to
well over a million dollars worth of uranium at current prices
($26.75/1b U30g, 5/82). The Jeter mine is the largest uranium
producer in New Mexico outside of the San Juan Basin, which
includes the Grants uranium region and the Shiprock district.
However, in comparison, the deposits in the Grants region
commonly contain reserves ranging from tens of million to a
hundred million pounds of U30g.

During the mid-197¢'s uranium boom, several mining companies
conducted drilling programs east of the Jeter mine to intersect
the gently dipping Jeter fault, which hosts the uranium
mineralization. The fault was penetrated at appropriately

shallow depths (M.N. Machette, oral commun., 1981). However, the
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lack of further development suggests that the lenticular
character of ore-grade mineralization at the Jeter mine (Collins

and Nye, 1957) may be characteristic for much of the fault zone.

TABLE 1. Manganese production in the Ladron WSA (from Farnhan,

1961). BSee text for location of claims.

Average grade

Year Long Tons Producing Claim (percent Mn)
1941-46 * Black Mask -
1952-55 566 Black Mask 42
1953~54 33 Santa Rita 22.8
1955 9.9 Rio Salado 22.8

TOTAL 1941-~55 648.9

* production of two carloads reported
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Active Mining Claims

Mining claims reported as currently active in the Ladron
area (BLM files) include the early patent, M.S. 631 Lawrence Lode
(Patent no. 16977 12/26/1890) and nine additional claims or claim
groups. These claims and claim blocks are listed in Table 2 and
their location is shown in Figure 5. The "J.C. group®" and
"Jeanne group" are believed to be for uranium, since they cover
what would seem to be the apparent continuation of the Jeter
fault along the north flank of the Ladron Mountains. Occurrences
of barite (bPuster #1-4 claims), silver-copper-lead-zinc (Silver
King #1 claim), and gypsum (Z placer #1-4) have recently been
staked. A fresh stockpile of barite found next to a shaft in the
Duster claim block (SE1/4, NE1/4, sec. 34, T, 3 N., R. 2 W.)
suggests some development work was done by Ranger Industries. At
the present time, only minor prospecting and assessment work is
being done in the district. S8Since the uranium market is now in a
period of depression, it is likely that many uranium claims will

lapse for lack of assessment work.
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TABLE 2. Active Mining Claims in the Ladron WSA. See Figure 5 for
approximate locations.

Claim Name Date filed BLM Lead File No.
Lawrence Lode (patented) - 12/26/1890 -

Lubek #1 John A. Garcia 8/15/63 82023

JC #316-351,388-423,498 Roy E. Johnson 12/30/78 44814
Jeanne #64-126,137 Roy E. Johnson 1/82/79 44814
Duster #1-4 Ranger Industries 2/@8/79 48346

The Three P's #1-27 Edward R. Pittman 6/15/79 67791

7Z Placer #1-4 Donald Drake 12/18/81 99687
Silver King #1 George W. Green 2/19/81 195448
Ladronie Glen R. Patrick 7/25/81 198311
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GEOLOGIC SETTING

The Ladron WSA lies across a zone of transition between the
northwestern f£lank of the Rio Grande rift, an active zone of
crustal extension, and the southwestern margin of the Colorado
Plateau, a relatively rigid c¢rustal block. Since the onset of
rifting about 30 million years ago (Chapin, 1979), the Colorado
Plateau has largely resisted crustal extension, although minor
yielding is evident along its margins.

The Ladron area is also located on the northeastern
periphery of the Datil-Mogollon volcanic field of Oligocene to
early Miocene age (38~24 m.y.) Down-faulted and strongly tilted
volcanic rocks along the eastern foot of the Ladron Mountains
(Tv, Fig. 2, Table 3) represent a fragment of an apron of
volcanic sediments and sheets of ash~flow tuff that once covered
the entire Ladron area. The ash-flow sheets were erupted about
33 to 32 million years ago from a caldera complex that trends
southwest from Socorro into the heart of the Datil-Mogollon
volcanic field (Chapin and others, 1978).

Swarms of north-trending basaltic dikes in the Riley area
(Ti, Table 3, Fig. 3) reflect an early stage of crustal extension
contemporaneous with the waning of the Datil-Mogollon volcanism
{Chapin and others, 1979). Radiometric ages (K/Ar) of the dikes
(op. cit.) indicate that they are in part equivalent to numerous
basaltic andesite flows (La Jara Peak Basaltic Andesite, Table 3)
that cap the Datil volcanic pile in the Ladron area, Although

not shown on geologic maps, similar north-trending basaltic dikes
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Figure 2. GENERALIZED GEOLOGIC MAP OF THE LADRON AREA
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Figure 3. BASALTIC DIKES AND SILLS IN THE LADRON AREA
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TABLE 3. STRATIGRAPHIC AND ROCK UNITS OF THE LADRON AREA.

Map Symbol in
Eigure 2

Qs SURFICIAL DEPOSITS (Holocene and upper Pleistocene):
Alluvial fan deposits, valley £fill, talus, soil, and
pedimont-slope gravels, Generally less than 10 m
thick.

UNCONFORMITY

QTt TRAVERTINE (Pleistocene and Pliocene?): Crusted, banded,
and fragmental travertine deposits related to ancient
springs. Locally interbedded in QTs south of WSA
Sec. 35, T. 1 N., R. 3 W.); unconformably overlaps
Paleozoic rocks northeast of Riley. 1-8 m thick,.

QTs SIERRA LADRONES FORMATION (Pleistocene and Pliocene):
Alluvial fan and piedmont-slope deposits;
intertongues with alluvial flat and river-channel
deposits east of study area. Piedmont facies is as
much as 150 m thick. Clasts of Paleozoic and
Precambrian rocks dominant.

ANGULAR UNCONFORMITY

Tp POPOTOSA FORMATION (Miocene): Bolson deposits; purplish-
gray, buff, and tan; heterolithic; moderately to well
indurated, coarse fanglomerate; grading into light-
red to brown muddy siltstones and playa~facies
mudstones. Playa facies at Silver Creek contains
numerous lithium-rich ash beds altered to bentonite.
As much as 1500 m thick. Clasts of volcanic rocks
dominant.

Ti BASALTIC, DIABASIC AND MONZONITIC DIKES AND SILLS
(Oligocene and early Miocene; 24-27 m.y.): Basaltic
dikes and sills with textures from aphanitic to
diabasic. A few relatively wide (50-100 m) dikes have
monzonitic cores. Several basaltic dikes in Riley
area yield K/Ar ages of 24 to 27 m.y. old, which
strongly suggests that they were feeder dikes to the
La Jara Peak Basaltic Andesite (see Tv).

Tv ROCKS OF DATIL VOLCANIC FIELD, UNDIVIDED (Oligocene to
early Miocene): Includes L.a Jara Peak Basaltic
Andesite. La Jencia Tuff, Hell's Mesa Tuff, and
Spears Formation., Thicknesses of Tv units estimated
from exposures in Sec. 22 (uns.), T. 2 N., R. 2 W.
Ages of volcanic rocks from unpublished data of C.E.
Chapin.
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Table 3 (continued)

TR

La Jara Peak Basaltic Andesite (24-32 m.y.)--Dark red to
black, dense to vesicular, aphanitic lava flows with
abundant small ferromagnesian phenocrysts altered to
hematite and iddingsite. More than 366 m thick.

La Jencia Tuff (32 m.y.; new name, previously A-L Peak
Tuff)-~Moderately to densely welded, light gray,
crystal-poor {sanidine, quartz) rhyolite ash~flow
tuff. 30~50 m thick.

Hell's Mesa Tuff (32-33 m.y.)--Densely welded, crystal-
rich, quartz-rich, two-feldspar, rhyolite ash~flow
tuff.- 15-25 m thick.

Spears Formation (33~37 m.y.)--Andesitic to latitic
sandstones, conglomerates, and mudflow deposits.
Approximately 26@ m thick.

BACA FORMATION (Eocene}): In Riley area (250 m thick),
consists of red-brown and grayish-red mudstones and
siltstones. East of Ladron Mts (18~28 m thick),
consists of coarse fanglomerates and debris flows
with abundant sandstone clasts (Sec. 22, T. 3 N.,

R. 2 W.) and granitic clasts (NE/4, Sec. 15, T. 2 N.,
R. 2 W., uns.). Along eastern front of Ladron
Mountains, "Tb" lies unconformably on Permian Abo and
Yeso formations (Pay); west of the Ladrons, "Tb"
rests unconformably on Cretaceous rocks (K).

UNCONFORMITY

CRETACEOUS ROCKS, UNDIVIDED: Includes Crevasse Canyon
Formation, Mancos Shale, and Dakota Sandstone.

Crevasse Canyon Formation (Upper Cretaceous)--Generally
nonmarine sequence of yellowish-brown and greenish
channel sandstones separated by gray to black shales,
siltstones, and thin coal beds. Ironstone
concretions common. Approximately 3@% m thick.

Mancos Shale (Upper Cretaceous)--Interbedded light-gray to
dark-gray marine shales and light-gray to yellowish-
gray marine sandstones; includes minor limestones and
silty sandstone. 250 to 330 m thick.

Dakota Sandstone (Upper Cretaceous)--Light-gray to
yellowish-brown sandstone, locally bioturbated or
cross-bedded and ironstained:; interbedded at top with
thin, carbonaceous shales. As much as 35 m thick.

UNCONFORMITY

CHINLE FORMATION {(Upper Triassic): Red, pink, gray, and
green shales and siltstones with minor gray, thin-
bedded freshwater limestone and yellowish, arkosic
channel sandstone. Locally includes a basal
limestone pebble conglomerate. 35@-38¢ m thick.
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Table 3 (continued)

Pgs

Pay

PM

UNCONFORMITY

SAN ANDRES LIMESTONE AND GLORIETA SANDSTONE, UNDIVIDED

{Permian):

San Andres Limestone (Permian)--~Includes an upper

limestone member of gray, medium-bedded limestone,
gypsum, gray shale and sandstone, and a lower
evaporite member of gypsum, gypsiferous sandstone,
massive sandstone, and thick-bedded gray limestone.
120-145 m thick.

Glorieta Sandstone (Lower Permian)--Includes upper buff-

white, massive, cross-~bedded sandstone, middle gypsum
and shale, and lower buff-white, massive, cross-~
bedded sandstone. As much as 25 m thick.

YESO AND ABO FORMATIONS, UNDIVIDED (Lower Permian):
Yeso Formation (Lower Permian)--Includes upper member of

gypsum and tan-brown sandstone, and lower member of
tan-brown sandstone. 258-350 m thick.

Abo Formation {Lower Permian}--Nonmarine, reddish-brown,

fine~ to coarse-grained sandstone, siltstone, and
shale with minor limestone. Locally contains chert-
pebble conglomeratic sandstone (SE1/4, Sec. 15, T. 2
N., R 2 W., uns.). Approximately 25¢ m thick.

MADERA AND SANDIA FORMATIONS (Pennsylvanian) AND KELLY
LIMESTONE (Mississippian), UNDIVIDED:

Madera Limestone (Middle to Upper Pennsylvanian}--Gray,
thin- to thick-bedded, locally cherty limestone with
gray and reddish-gray siltstone, shale and
conglomeratic sandstone. 698-82@ m thick.

Sandia Formation (Middle Pennsylvanian)--Upper slope-
forming unit of yellowish-brown siltstones and
shales; middle unit of gray to brown, medium- to
thin~bedded sandy limestone; and lower unit of light
gray, quartz sandstones, locally crossbedded. 128~
125 m thick.

UNCONFORMITY

Kelly Limestone (Lower Mississippian)--Includes an upper
gray, crinoidal, medium-grained limestone (Ladron
Member of Armstrong and others, 1979) and a lower
member (Caloso Member of Armstrong and others, 1979)
which includes a basal sandstone-arkose-shale
sequence followed by a series of fine~grained,
cherty, algal and massive limestones. Quartz pebble
conglomerates occur locally at base in Cerro Colorado
area. @-25 m thick.
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Table 3 (continued)

UNCONFORMITY

pEl LADRON PLUTON (Precambrian, approx. 1308 m.y. old):
coarse-grained, nonfoliated, light~gray to buff,
two-mica (muscovite, biotite) quartz monzonite; and
a late-stage, white-colored, two-mica, quartz
monzonite. Intrudes p€c and pE€m. Not strongly
deformed.

PEm METASEDIMENTARY AND METAVOLCANIC ROCKS UNDIVIDED
{(Precambrian): Includes arkosic and siliceous
metaarenites, metaconglomerates, porphyritic
metarhyolites, amphibolites, phyllites, and mica
schists. Metaarkose appears to unconformably overlie
the Capirote Granitoid in NE1/4 Sec. 36, T. 3 N., R. 3
W. and in SE1/4 Sec. 6, T. 2 N., R. 2 W. Probably
isoclinally folded; stratigraphy uncertain.

UNCONFORMITY(?)

peEc CAPIROTE GRANITOID (Precambrian): Heterogeneous unit of
red to greenish-gray, medium-grained to coarse~
grained, nonfoliated to foliated, granitoid rocks
ranging in composition from gquartz diorite to
granite. Large, lenticular bodies of metamorphic
rock that occur within the Capirote Granitoid may
represent remnants of isoclinal folds.
Some small blocks are clearly xenoliths of sediments
that predated the Capirote granitoid.

(with diabasic textures) have been reported to cut Precambrian
rocks throughout the Ladron Mountains (Black, 1964, p. 27;
Haederle, 1966, p. 37). Two small diabasic intrusions that occur
along the Jeter fault (Fig. 3) are clearly of Tertiary age.
Relatively wide dikes, located about 3 miles north of Riley,
locally have monzonitic cores. Dikes in the Ladron area occur in
conjugate sets averaging N2fE and NI1GW; thus the average
direction of early crustal extension is interpreted to about 5
degrees south of east. There is no evidence of significant

thermal metamorphism or hydrothermal alteration-mineralization
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in association with the basaltic dikes {(Chapin and others 1979;
reconnaissance, this report). However, some minor talc
mineralization is associated with contacts of the wider
monzonitic dikes (Duschatko and Poldervaart, 1955; R.H. Weber,
oral comm., 1982).

South of the Ladron area, ductile extension of the crust at
depth has been accommodated at the surface by progressive
slipping and rotation of closely spaced normal faults, which in
cross section look similar to a train of fallen dominoes
{Chamberlin, 1978). An area of 5@-6¢ percent crustal extension
in the Lemitar Mountains is associated with Oligocene volcanic
strata (Tv) and Miocene sedimentary strata (Popotosa Fm.; Tp,
Fig. 2, Table 3) that have been tilted 40-60 degrees to the west
and displaced by numerous low-angle normal faults dipping 28-30
degrees to the east. Different directions, or amounts, of
rotation in the field of domino blocks have been accommodated by
scissors-like movement along northeast-striking {occasionally
northwest striking) high-angle faults. Many of these transverse
scissors faults follow segments of older basement structures,
such as the Morenci lineament (Chapin and others, 1978).

With this perspective, the Ladron Mountains appear to
represent a resistant prong of the Colorado Plateau block that
juts into the western side of the rift. Domino blocks bounded by
the La Jencia Creek fault, the Silver Creek fault, and the Jeter
fault (Fig. 4) have been rotated as much as 50 degrees to the west
(Fig. 2), but the Ladron Mountain block cannot be rotated more

than about 25 degrees to the west. This difference in block
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rotation has been accommodated by scissors-like motions along the
Cerro Colordo fault zone (Fig.-4). Thus a significant fraction
of local crustal extension appears to have been deflected
northeastward around the ladron block. Down-to-the-east
extensional movement along the southern end of the Carbon Springs
flexure (Fig. 4) in Pliocene/Pleistocene time has apparently been
transferred to (deflected along) the Rio Salado flexure (Fig. 4)
as down-to-the-south movement. This deflection of late-stage
extension around the south end of the Ladron block has created a
sag—-1like basin filled in by as much as 158 m of the Sierra
Ladrones Formation (QTs, Fig. 2, Table 3). The northern flank of
the Ladron Mountains is apparently bound by northeast-~trending
scissors faults that parallel the Alamito shear zone (Fig. 4) of
probable Precambrian ancestry.

Thus overall, the Ladron Mountains block has the appearance
of a northeast~trending transverse horst block, which is
superimposed on a westerly rotated fault-block uplift. A seismic
reflection profile across the rift north of the Ladron Mountains
(Brown and others, 1979, p. 174) has revealed the continuation of
this transverse horst, where it plunges northeastward under the
southern end of the Albugquerque basin.

Clast compositions, facies relationships, and paleocurrent
directions in the Santa Fe Group (Fig. 2, Tp, QTs, QTt} south and
east of the Ladron Mountains are consistent with the
interpretation of episodic uplift and erosion of the Ladron
Mountains~Riley block since early Miocene time (Denny, 1948;
Bruning, 1973). However, the Precambrian/Paleozoic core of the

Ladrons did not become a major topographic feature until late
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Figure 4. MAJOR STRUCTURES OF THE LADRON AREA
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Miocene or Pliocene time (Bruning, 1973). Coarse alluvial fan
deposits of the Sierra Ladrones Formation (QTs, Fid. 2), which
are rich in clasts of Paleozoic limestone and Precambrian
granites, lie in angular unconformity on the Popotosa Formation
(Tp, Fig. 2) in the area west of Silver Creek. Based on the well
constrained age of the Popotosa Formation in the Socorro-
Magdalena area (25-7 m.y.; Chamberlin, 1981la), the alluvial fan
deposits shed from the rising Ladron Mountains are considered to
be almost certainly less than 10 m.y. old and most likely are
about 1-5 m.y. old,

The maximum aggradation of basins along the Rio Grande
valley occurred prior to Middle Pleistocene time (Kottlowski,
1958). By Middle Pleistocene time, the Ladron Mountains were
surrounded by an undissected apron of alluvial fan deposits as
much as 150 m thick (QTS8, Fig. 2). On the southwest side of the
Ladrons the fan deposits lapped unconformably upslope onto
Paleozoic limestones, and on the northeast side of the Ladrons
the fans lapped upslope onto Precambrian granites and
metamorphic rocks. Presumably, these alluvial fans graded
eastward to the ancestral Rio Grande (Machette, 1978b).

This period of erosion, weathering and groundwater flow away
from the core of the Ladron Mountains in Pliocene and Pleistocene
times (ca. 5-1 m.y. ago) was clearly penecontemporaneous with the
formation of several types of supergene mineral deposits on its
flanks. Subsurface waters flowing to the south and west off the
Ladrons carried significant amounts of calcium carbonate, iron,

and manganese (Table 9), which were then precipitated in
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discharge areas downslope.

The geometry and character of the travertine deposit (QTt,
Fig. 2) on the west flank of the Ladrons indicates that it formed
mostly from springs, which most likely issued from the toes of
the limestone-rich alluvial fans where they overlapped less
permeable rocks of the Abo Formation (Pay, Fig. 2). Thus the
travertine deposit is thought to reflect a period of relatively
high groundwater f£lux associated with a cool/wet climate at the
onset of Quaternary continental glaciation (J.W. Hawley, oral
comm., 1982). Some travertine mounds (spring vents) and high-
grade manganese mineralization (Black Mask mine) were probably
formed by waters locally rising along the Carbon Springs fault
zone, Low-grade (iron-rich) manganese deposits, found near the
Rio Salado Box, were probably associated with descending
groundwater flow that entered solution caves and fractures in
the underlying Pennsylvanian limestones.

Weathering (wetting and oxidation) of uranium oxide and
copper sulfide-bearing Precambrian rocks along the crest of the
Ladron Mountains*during the past few million years most likely
provided the uranium-copper rich ground waters that formed the
Jeter uranium deposit (see Table 7). The extremely high uranium
content (704 ppb) of well waters at the Lazy C Bar J Ranch
({Pierson and others, 1981) strongly suggests ongoing weathering
of high-grade uranium mineralization in Precambrian rocks west of
the ranch.

Since middle Pleistocene time, the Rio Grande and its
tributary, the Rio Salado, have cut downward through as much as

100 m of the upper Santa Fe Group (QTs) and, locally, into the
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underlying formations. Lowering of the water table associated
with this period of entrenchment has placed the uranium-copper
deposits along the Jeter fault in an unstable position (in the
zone of oxidation above the water table). Recent and present day
activity of the Rio Grande rift is indicated by fault scarps that
cut late Quaternary alluvium about 3 miles east of the Ladrons
{(Denny, 1940}, and by swarms of microearthquakes on the northeast
flank of the Ladrons (Sanford and others, 1979). The
microearthquake activity has been interpreted as an expression of
contemporaneous magma intrusion (A.R. Sanford, or