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Abstract

Minerals have been and still are an important contribution to the economy of New Mexico. More than
$43 billion worth of minerals have been produced from New Mexico since the early 1800s from 246
mining districts and prospect areas (excluding coal, oil and gas). Today, mining is still an important part
of the economy of New Mexico, although to a lesser extent compared to the late 1800s and early 1900s.
A mining district, as used in this report, is a group of mines and/or mineral deposits that occur in a
geographically defined area (such as a mining district or coal field) that locally are determined by geo-
logic criteria (distribution of mines and deposits, mineralogy, faults, lithology, stratigraphic horizons,
common mineralization processes, age, etc.) and has had some mineral production. A prospect area is
an area defined by geologic criteria (distribution of mines and deposits, mineralogy, faults, lithology,
stratigraphic horizons, age, etc.) that has had no mineral production. This resource map updates reports

on mining districts last published in 1966 and 1971.

Introduction

In industry, minerals refer to any rock, mineral, or other
naturally occurring material of economic value, including
metals, industrial minerals, energy minerals, gemstones, and
aggregates. New Mexico’s mineral wealth is among the rich-
est endowments of any state in the United States. Although
oil and gas are the most important mineral resource to New
Mexico in terms of production value (Broadhead, 2016;
McLemore et al., 2016), coal, copper, potash, industrial min-
erals, and aggregates are important commodities produced in
the state (Table 1). Other important commodities include a
variety of industrial minerals (perlite, cement, zeolites, etc.),
sulfuric acid, molybdenum, gold, uranium, and silver. More
than $43 billion worth of minerals have been produced from
New Mexico since the early 1800s (Table 1; excluding coal,
oil and gas).

There are 246 mining districts and prospect areas
described in New Mexico, summarized in Appendix 1 and
located on the map. However, not all sand and gravel,
crushed stone, and dimension stone operations are located in
a specific mining district or prospect area, even if they were
actually mined, because these low-value commodities are not
constrained by geologic criteria. Undoubtedly new occur-
rences of metallic and industrial minerals will be located that
also are not in a mining district or prospect area designated
in this resource map. Thus new mining districts or prospect
areas will be added to this resource map in the future. File
and Northrop (1966) recognized a Guadalupe Mountains
district in Otero County, but there is no evidence of mineral
deposits in that exact area, so that district is no longer
included as a district in this report.

Only five commodities have cumulative production from
New Mexico exceeding $1 billion (Table 1): copper, potash,
uranium, aggregates, and cement. The combined total of
many industrial minerals (excluding potash and aggregates)
also is greater than $1 billion. Only seven mining districts in
New Mexico have total cumulative value of production
exceeding $1 billion (Appendix 2): Carlsbad potash,
Ambrosia Lake subdistrict (Grants uranium district), Laguna
subdistrict (Grants uranium district), Fierro—-Hanover, Santa
Rita, Burro Mountains (Tyrone), and Tijeras Canyon (Tijeras
Cement Plant). Mardirosian (1979) reported five of these
districts exceeding $100 million in 1978. Metals production
by mining district in New Mexico is in Appendix 2. Uranium
production by district is in McLemore and Chenoweth
(1989) and by mine in McLemore (1983a).

This report accompanies the resource map that shows the
mining districts and prospect areas, and updates File and
Northrop (1966), Howard (1967), and Mardirosian (1971),
the last comprehensive summaries of all mining districts in
New Mexico. This report begins with a brief description of
the history of mining in New Mexico and is followed by
discussions of previous work, mining claims, definition of a
mining district, methods, and classification of mineral
deposits. Short descriptions of the individual mining districts
and prospect areas in New Mexico are in Appendix 1, and
Appendix 2 includes metal production from selected districts.
Appendix 3 is a summary of previous mining districts maps.



TABLE 1. Estimated total production of major commodities in New Mexico. Commodities are in order of estimated
cumulative value (from USGS, 1902-1927; New Mexico State Inspector of Mines, 1912-1982; USBM, 1927-1990;
Kelley, 1949; Northrop, 1959, 1996; Harrer, 1965; USGS, 1965; Howard, 1967; New Mexico Energy, Minerals and
Natural Resources Department, 1986-2015; McLemore and Lueth, 2016; McLemore and Austin, 2016). Figures are
subjected to change as more data are obtained (these are conservative estimates). *Data are from New Mexico Energy,
Minerals and Natural Resources Department (2015). **Industrial minerals include the combined total of several indus-
trial minerals (e.g., perlite, cement, decorative stone, pumice, zeolites, etc.), but excluding potash and aggregates.
*#*Ngoregates include only sand and gravel from 1951-1997, after 1997 aggregates include crushed stone and scoria.

Estimated

Commodit Years of Estimated quantity . Quantity of Value in 2014($)*  Ranking
y production of production cumulative value o4y ction in in U.S. in
®) 2014* 2014
Copper 1804-2014 >11.5 million tons >$20.6 billion 171,646 short $1,071,057,411 3
t
Potash 19512014 112,054218 short  >$15 billion 2,130,352 short  $1,093,208,523 1
tons tons
Uranium 1948-2002 >347 million >$4.7 billion none — —
pounds
Aggregates™** 1951-2014 >666 short tons >$2.6 billion 11,339,585 short $93,439,942 —
tons
Industrial 1997-2014 40,276,083 short >$2.6 billion 1,199,137 short $77,800,389 —
minerals** tons tons
Cement 1959-2014 >$1 billion Included in indus- — —
trial minerals
Molybdenum 1931-2014 >176 million >$852 million 13,183 pounds $150,194 —
pounds
Gold 1848-2014 >3.2 million troy >$463 million 8,580 troy ounc- $10,858,944 9
ounces es
Zinc 1903-1991 >1.51 million tons >$337 million none — —
Silver 1848-2014 >118.7 million >$279 million 22,617 troy $431,333 7
troy ounces ounces
Lead 1883-1992 >367,000 tons >$56.7 million none — —
Iron 1888-2014 >6.7 million long $23 million 71,352 short $982,217 —
Fluorspar 1909-1978 >721,000 tons $12 million none — —
Manganese 1883-1963 >1.9 million tons $5 million none — —
Barite 1918-1965 >37,500 tons >$400,000 none — —
Tungsten 1940-1958 113.8 tons (>60% — none — —
WOs3)
Niobium-tantalum 1953-1965 34,000 pounds of — none — —
concentrates
TOTAL 1804-2014 — >$43 billion — $2,010,776,277 13

(excluding coal)

Beryl, tin, antimony, arsenic, vanadium, selenium, tellurium, thorium, REE, titanium, bismuth also have been produced.

Purpose of this Report

The purpose of this report is to: 1) define a mining district

2) identify, locate, and briefly describe the mining districts

and history of mining in New Mexico, 3) define the types of

mineral deposits found in New Mexico, and 4) provide pro-

duction data and other information on the mining districts of
New Mexico.

This Mining Districts and Prospect Areas of New Mexico
Resource Map is intended to provide the best data available
on mining districts and prospect areas in the state.
Throughout the appendices associated with this report, the
district identification numbers, prefixed by DIS, and mine
identification numbers, prefixed by NM, are from the New

Mexico Mines Database and refer to the districts and mines
in the database listed in the text (McLemore et al., 2002,
2005a, b). Appendix 1 summarizes the mining districts
found in New Mexico, whereas Appendix 2 summarizes the
metal production from selected districts where non-confi-
dential production statistics are available.

One of the concerns about releasing these data is that the
general public will have ready access to locations of inactive
mines and mining districts. RECREATION IN OR AROUND
INACTIVE MINE SITES IS EXTREMELY DANGEROUS, AND CAN
RESULT IN SERIOUS INJURY OR DEATH. STAY OUT AND STAY
ALIVE! ALSO RESPECT PRIVATE LANDS! OBTAIN PERMISSION
FROM PRIVATE LAND OWNERS.

Gold production 1848-2014
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FIGURE 1. Gold production in New Mexico from 1828 to 2014.

Mining History

Mining has been an integral part of the economy of New
Mexico since prehistoric times. The earliest mining in New
Mexico was by Native Americans, who recovered obsidian,
chert, basalt, turquoise, malachite, azurite, and fluorite for
ornaments and stone tools. They also collected hematite and
other mineral pigments and clay for decoration and pottery.
Their houses were made of stone, adobe, and clay. Native
Americans collected native copper from porphyry copper
deposits along with turquoise.

The Spanish first entered New Mexico about 1534 with
the expedition led by Alvar Nufiez Cabeza de Vaca. That
exploration was followed in 1539 by Fray Marcos de Niza,
who reported of seven cities of gold at Zuni and coined the
phrase, “Land of Cibola” or “Land of the golden cities.” In
1540, Francisco Vasques de Coronado led an expedition
looking for gold (Jones, 1904; Christiansen, 1974). Coronado
did not find any gold or silver, but he did find turquoise and
led the way to future colonization. Another 40 years would
pass before Juan de Ofiate marched north to colonize New
Mexico in 1598.

Early Spanish mining in New Mexico was centered
around Mount Chalchiuitl in the Cerrillos district and also
in the Old Placers (Santa Fe County) and Burro Mountains

" Troy ounces ==—Value

(Grant County) districts. The first mining claim in New
Mexico was established by Pedro de Abalos in the Fra
Cristobal Mountains, Sierra County on March 26, 1685
(Northrop, 1996), but there is no record of any production
from that claim. The Pueblo Revolt in 1680 was in part
attributed to Spanish enslavement of Native Americans to
work in the mines, but there is little documentation to sup-
port such accounts (Jones, 1904; Northrop, 1959).

Mining by the Spanish in southern New Mexico did not
amount to much until ca. 1798, when an Apache Indian told
Lt. Col. Jos¢ Manuel Carrasco about the copper deposits
inwhat is now known as the Santa Rita district. Carrasco
interested Francisco Manuel Elguea to form a partnership
and they were issued a land grant, the Santa Rita del Cobre
Grant. By 1803 Elguea bought out Carrasco and began min-
ing the copper at Santa Rita in earnest (Lundwall, 2012).
Elguea found a ready market for copper in Mexico City for
coinage. Actual production records are lacking, but
Christiansen (1974) estimated that he shipped 200 mule
trains annually, amounting to approximately 6,000,000
pounds of copper per year. The U.S. Army expedition of
Lieutenant Pike in 1807 encountered mining at Santa Rita
(Jones, 1904). The ore was shipped with little or no process-
ing and the processing that was required involved smelting in
simple adobe furnaces. Elguea died in 1809 and mining at
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FIGURE 2. Silver production in New Mexico from 1828 to 2014.

Santa Rita diminished as a result of increasing costs, diffi-
cult transportation, Native Americans uprisings, declining
copper demands in Mexico, and finally the Mexican
Revolution in 1810. The records are conflicting as to who
owned and operated the mines after 1809 and the mines
finally closed in 1834. They were still inactive when
Kearney’s army visited the area in 1846 (Jones, 1904;
Milbauer, 1983 ).

New Mexico was part of the Spanish empire until 1821,
when Mexico, including New Mexico, became an indepen-
dent nation. The Santa Fe Trail opened up during this time.
Gold was discovered in the Ortiz Mountains in 1828,
attracting many prospectors, even though New Mexico was
still under the control of the Mexican government. This was
one of earliest gold rushes in the West, 21 years before the
California gold rush in 1949, and this discovery drew an
estimated 2,000-3,000 miners to New Mexico. When the
gold played out at Ortiz, many of these miners began pros-
pecting throughout New Mexico.

The arrival of Anglos after New Mexico became part of
the United States in 1848 triggered the beginning of the
great metal mining period of New Mexico history. Some
prospectors traveling through the state heading for the gold
fields in California in the 1850s, found New Mexico to their
liking and stayed. Written records of mining activity and
production were still rarely preserved and conflicting stories
exaggerating the mineral wealth in New Mexico are abun-
dant in early accounts.

At first, mining was by small groups of individuals; large
mining companies were not formed until the late 1880s.
Prospectors had already discovered the mineral deposits in
the Organ Mountains in the 1830s; the Stephenson—Bennett
mine was discovered in 1849 (Dunham, 1935; Eveleth,
1983). Placer gold was discovered in the Pifios Altos district
in 1860, when more than 700 miners were working in the
district (Milbauer, 1983 ). Mining had resumed at Santa
Rita by the late 1850s. Mining began in the Fierro—-Hanover
district in 1850, Bayard district in 1858, and Fremont and
Steeple Rock districts in 1860. But then the Civil War
erupted in the east and the soldiers stationed in New Mexico
to protect the miners from raids by Native Americans were
needed in the east. Most mining in New Mexico ceased in
1862 with the invasion of New Mexico by the Confederate
forces (Milbauer, 1983). Many districts remained inactive
until after the war.

The end of the Civil War brought tremendous change to
mining in New Mexico. Better records were kept in the late
1800s and were preserved for the future. Yearly production
statistics for gold and silver are available for New Mexico
starting in 1869 and for copper starting in 1882 (Figs. 1, 2,
3; USGS, 1902-1927; USBM, 1927-1990). Settlers and
prospectors fled the war torn east to start new lives in the
west. Soldiers were sent to New Mexico and Arizona to
eliminate interference by Native Americans. The first
Federal Mining Act of 1866 established rules and regula-
tions governing prospecting and mining with provisions to

obtain private ownership of federal land containing valuable
mineral resources. The act was subsequently amended in
1870 and 1872 and in the years since. The mining act further
encouraged mining and prospecting in New Mexico and the
mining boom of 1870-1890 began. Many districts opened up
and production began as the threat by raids from Native
Americans subsided. The arrival of the telegraph sent first-
hand accounts of the success of miners in the area as mining
continued to flourish. New mining and metallurgical tech-
niques were developed in the late 1800s. The cyanide process
was perfected in 1891 and revolutionized gold recovery.
Times were exciting for the miner in the late 1800s as metal
prices soared. Larger mining companies were formed to
develop many deposits.

The construction of railroads in the New Mexico Territory
between 1878 and 1882 brought a new wave of prospectors
(Christiansen, 1974). Silver became an important product in
the 1880s in many districts (Fig. 2 ; Appendix 1). In 1890 the
Sherman Silver Act was passed, which increased the price
and demand for silver. This demand was short lived. The
Sherman Silver Act required the U.S. government to purchase
4.5 million troy ounces of silver per month and, hopefully,
would result in inflation that would help farmers and miners
in the United States. However, the U.S. Treasury soon had a
surplus of silver dollars and at the same time, a number of

N

larger industrial firms went bankrupt, resulting in the Panic
of 1893. It was believed that the inflation created by the
Sherman Silver Act caused the Panic and the Sherman Silver
Act was repealed in 1893 by Congress. Without a guaranteed
market, most silver mines in the Southwest closed, never to
reopen. A depression resulted and, in some districts, only
gold ore was the important resource.

New mining and milling technologies were developed
throughout the 20th century, which encouraged exploration
and development of many deposits in the state that had been
ignored in the 1800s. But booms and busts were the norm for
most mining towns in New Mexico as world wars and
financial slumps controlled the metals markets, as seen in the
cumulative production graphs (Figs. 1, 2, 3). Demand for new
commodities such as manganese, uranium, fluorite, and
barite increased. Since 1900, thousands of mines and pros-
pects have been located and numerous names given to the
mining districts (File and Northrop, 1966).

In 1904, Daniel C. Jackling opened the first large, open-
pit mine to produce low-grade copper ore (less than 2% Cu)
at Bingham Canyon, Utah. At the same time, John M. Sully
arrived at Santa Rita and recognized the similarity of ore at
Santa Rita to that mined at Bingham Canyon. Sully thor-
oughly explored the area and attempted to obtain backers
(Sully, 1908). Finally, in 1909 he obtained financial backing
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Potash production 1951-2014
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FIGURE 4. Potash production in New Mexico from 1951 to 2014.

and in 1910 production began. The first concentrator mill
was erected at Hurley in 1911; flotation concentration was
added in 1914 (Hodges, 1931).

Other commodities were soon developed. Fluorite was
discovered and mined at Fluorite Ridge in 1909 and manga-
nese was produced from the Little Florida Mountains in
1918 (Griswold, 1961). Manganese production resumed
throughout New Mexico in 1916 for use as smelter flux at
Pueblo, Colorado (Dorr, 1965). Molybdenum production
began in 1918 at the Questa mine; the Questa mine finally
closed in 2014.

New Mexico became a state in 1912 and in 1914 World
War I began. Metal prices and production increased as
metals were needed for the war effort. The annual produc-
tion of minerals in New Mexico reached a peak of over $43
million. In 1918, World War I ended and was followed by
another depression, which closed many mines (Northrop,
1959). Fluorite was produced from the Cooke’s Peak district
in 1918 and from the Tonuco and Tortugas Mountains dis-
tricts in 1919 (Appendix 1). The Ground Hog mine in the
Fierro-Hanover district began production in 1928.

In 1930, the price of copper dropped from 18 to less than
10 cents per pound, but production continued at the big
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mines in the area. Copper was only 5 cents per pound in
1932, forcing most of the copper mines to close (Northrop,
1959). Recovery did not occur until 1938. These fluctua-
tions in copper, gold, and silver production are illustrated in
Figures 1, 2 and 3.

Potash minerals, used in manufacturing fertilizers and in
the chemical industry, were discovered by drilling for oil
and gas around 1925 in the Carlsbad area, although produc-
tion did not begin until 1931 (Fig. 4). Today, the Carlsbad
potash district is the largest potash producing area in the
United States, and New Mexico is ranked number one in
national potash production.

World War II began in 1940 and once again war
increased demand for metals. On October 6, 1942, the U. S.
War Department closed all gold mines in the United States.
Only base metals and other strategic minerals such as tin,
tungsten, manganese, beryllium, fluorite, vanadium, and
iron were mined. Exploration for these commodities
increased and many mines went into production. The war
ended in 1945 as did the Federal ban on gold mining.

Mining in New Mexico continued after the war; booms
and busts in exploration and production continued to be the
trend. In 1948, drilling in the Pifios Altos area by the U.S.

Mining, Smelting, and Refining Co. first encountered
lead-zinc ore bodies that have been more recently mined by
Cyprus Metals Co. (Osterberg and Muller, 1994). The
Federal government initiated incentive buying programs for
domestic production of manganese (Agey et al., 1959), tung-
sten, and uranium in 1951. Miners could get loans from the
Federal government to develop their resources. Tungsten and
uranium mines in the state began production (Fig. 2) and
exploration for these commodities intensified. Termination of
these programs in 1956 (tungsten), 1959 (manganese) and
1965 (uranium) effectively closed many of these mines for
good. In 1958, Ideal Basic Industries began construction of
the Tijeras cement plant in the Tijeras Canyon district. This
plant is now owned by Groupo Cementos Chihuahua, and is
the only cement plant in New Mexico. Many mining districts
in the state continued to see some exploration into the 1960s
and 1970s as company after company examined the state,
looking for the missed deposit. But most mining districts have
seen insignificant production since the 1950s (Appendix 2).
For a period of nearly three decades (1951-1980), the
Grants uranium district in northwestern New Mexico pro-
duced more uranium than any other uranium district in the
world (Fig. 5). More than 340 million pounds of uranium
oxide (U3Og) were produced from these uranium deposits
from 1948 through 2002 (Table 1; McLemore and Chenoweth,

7

1989, 2016), accounting for 37.8% of the total uranium
production in the United States. Uranium demand and pro-
duction in New Mexico began to decline in 1980 after the
Three Mile Island nuclear accident (Fig. 5), which resulted in
a decrease in uranium price as the construction of many
nuclear reactors throughout the United States were cancelled
as the country moved to cheaper and presumably safer coal-
fired power plants.

Changes in the public’s perception of mining and associ-
ated environmental issues during the 1970s and 1980s
resulted in more than three dozen Federal environmental
laws and regulations that were passed governing mine recla-
mation and safety, including the Clean Water Act (CWA),
Comprehensive Environmental Response, Compensation and
Liability Act of 1980 (CERCLA or Superfund act), Federal
Mine Safety and Health Act of 1977, among others. In 1993,
the Mining Act Reclamation Program (MARP) was created
under the New Mexico Mining Act of 1993 to regulate min-
ing reclamation activities for most minerals in the state.

At the same time, the production and flow of minerals in
the United States and the world increased dramatically in the
last 50 years as the quality of life has improved, a result of the
tremendous increase in population in the world (Wagner,
2002). A shift to a more global economy has occurred in
recent decades, where commodities are mined throughout the
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FIGURE 5. Uranium production in New Mexico from 1948 to 2002.
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FIGURE 6. Cumulative value of mineral production produced from New Mexico from 2000 to 2014.

world and shipped to the United States cheaper than we can
produce them in this country. Different types of commodi-
ties, such as rare earth elements (REE; McLemore, 2015¢),
tellurium (McLemore, 2016), and beryllium (McLemore,
2010c¢), must be mined now and in the future to support our
technological life style. For example, in the 1980s computer
chips were manufactured using 12 elements, whereas today
more than 60 elements are required to manufacture com-
puter chips and those elements are mined throughout the
world (Committee on Critical Mineral Impacts of the U.S.
Economy, 2008). Some of these commodities are referred to
as critical and strategic minerals. Although no official defi-
nition of critical minerals really exists, critical minerals can
be defined as any mineral that is important to industry if
supply of that mineral becomes an issue. A strategic mineral
can be defined as a mineral that is important to the Nation’s
economy (particularly for defense purposes), doesn’t have
many replacements, and primarily comes from foreign
countries. Some of these commodities are found in New
Mexico, but these areas must be evaluated to determine if
they can be economically developed. Today, another impor-
tant aspect of mine planning in a modern regulatory setting
is the philosophy, actually, the requirement in most cases,
that new mines and mine expansions must have plans and
designs for closure. This philosophy is relatively new and
attempts to prevent environmental accidents common in the
past and has increased the cost of mining.

Although, the actual dollar value of mineral production
is at record high levels because of higher commodity prices
(Fig. 6), the number of mining claims, mines, and actual
tonnage of produced minerals has declined in New Mexico
in recent years. Figure 7 shows the active mines and explora-
tion permit sites in New Mexico. In 2014, 226 active mines

and mills were registered in New Mexico and included four
coal, eight potash, 11 metallic minerals, 33 industrial min-
erals, and 170 aggregate and stone operations (New Mexico
Mining and Minerals Division, 2015). This decline is a
result of numerous complex and interrelated factors. Some
of the more important factors include declining profits in
mineral operations, decreased quality of ore (for example,
lower grades and more difficult ore to process), competition
from the global market, and a shift from coal-generated
electricity to alternative energy sources. New mines face a
multitude of challenges including water availability, water
rights issues, public perception, access to available land, and
public opposition to mining. These factors are paired with the
complex regulatory process at local, state, and federal levels
that requires a substantial amount of time for obtaining permits
to open a mine in the United States. Permitting a mine today
can take 10-235 years to complete before production can begin.
All of these factors add to the increased cost of mining, resulting
in fewer mines being economical to operate.

Previous Work

Since 1870, a number of maps and reports locating and
describing the mining districts and prospect areas of New
Mexico have been published (Table 2). One of the first min-
ing districts maps, Jones (1915), is shown in Figure 8.

For the past 90 years, the New Mexico Bureau of
Geology and Mineral Resources (NMBGMR, formerly
New Mexico Bureau of Mines and Mineral Resources) has
collected information on mining districts and prospect areas
in the state of New Mexico. This information, mostly on
paper, is currently being transformed to digital format. A
preliminary report showing the mining districts in New
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FIGURE 7. Active mines and permit sites in New Mexico.

Mexico as of 2005 was released as an Open-File Report
(McLemore et al., 2005a, b). This resource map is an update
of that endeavor. The map includes information from the
New Mexico Mines Database on the mining districts in the
state and includes most industrial minerals found in New
Mexico (McLemore and Austin, 2017). Industrial minerals
and rocks are any rock, mineral, or other naturally occur-
ring substance of economic value, excluding most metals and
gemstones. Industrial minerals and rocks are used in the
manufacture of many products, from ceramics to plastics
and refractories to paper. The coal fields are described in
Hoffman (1996, 2017) and are not included in this resource
map. Uranium districts are included in this resource map,
primarily from McLemore and Chenoweth (1989, 2017 [in
press]), because most of the uranium districts also have

produced or have potential to produce other metals.

The Mining Act of 1872 grants United States citizens the
right to prospect, explore, and develop minerals on public
domain lands that have not been “withdrawn” from mineral
entry by Congress or the Secretary of the Interior. Most
mineral activities on or adjacent to Federal land are adminis-
tered by the U.S. Bureau of Land Management (BLM) or the
U.S. Forest Service. There are several types of mining claims.
On Federal land, the Mining Act of 1872 and subsequent
legislation designated minerals as locatable, leasable, or
saleable (see definitions at http://www.blm.gov/id/st/en/
prog/energy___minerals/minerals.html). Locatable minerals
are any minerals on Federal land that are not leasable or
salable, and are managed under the Mining Act of 1872 and
subsequent Federal regulations. Typical locatable minerals
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FIGURE 8. Mining districts of New Mexico. (Jones, 1915).

are gold, silver, copper, lead, zinc, molybdenum, uranium,
barite, gypsum, gemstones, and certain varieties of high cal-
cium limestone. A locatable mining claim, also known as an
unpatented mining claim, provides the right to extract
minerals, but no land ownership is conveyed. There are sev-
eral types of locatable mining claims, as designated by the
Mining Act of 1872: lode (deposits having well defined
boundaries, such as veins), placer (typically unconsolidated,
sedimentary deposits), mill site (site designated for milling and
other processing, but must be on unmineralized ground), and
tunnel site (site designated for a tunnel or adit required to
develop the deposit). The locatable claims and related infor-
mation can be obtained from the BLM website http://www.
blm.gov/1r2000/.

Leasable minerals on Federal land include oil and gas, oil
shale, geothermal resources, potash, sodium, native asphalt,
solid and semisolid bitumen, bituminous rock, phosphate,
sulfur, and coal that are managed by the BLM under the
Mineral Leasing Act of 1920, other leasing acts, and BLM
regulations. Salable minerals, also known as mineral materi-
als, are common varieties of minerals and building materials
such as sand, stone, gravel, pumice, pumicite, cinders, and
clay and are managed under the Materials Act of 1947, as
amended by subsequent legislation.

In addition, minerals are owned by private individuals or
companies and are typically obtained by actual miners by
obtaining mining leases. Patented mining claims are previous
locatable mining claims where the Federal government has
issued a mining patent, which gives the owner full title (own-
ership) to the land surface, minerals, and other resources on
the claim, as specified under the Mining Act of 1872 and
subsequent legislation. However, the Interior and Related
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Agencies Appropriation Act of 1994 included a moratorium
on the acceptance of new mineral patent applications, start-
ing October 1, 1994. All mineral patent applications received
after October 1, 1994, until the moratorium expires, are
returned to the applicant without further action. Most
Federal homestead and other Federal land patents reserved
the Federal ownership of the minerals and only the surface
ownership was transferred. These mixed ownership lands are
known as split-estate lands.

The New Mexico State Land Office offers leases to min-
ing companies for minerals on state trust land (see http://
www.nmstatelands.org/). The various Native American
tribes throughout New Mexico control their mineral
resources and offer mining leases.

The Federal Land Policy and Management Act of 1976
(FLPMA) did not amend the Mining Act of 1872, but
required that all mining claims must be recorded with the
BLM as well as the county courthouse. A mining plan must
be filed and approved with the BLM for any mining opera-
tions on Federal land. Exploration and mining permits must
be obtained from the New Mexico Mining and Minerals
Division under the New Mexico Mining Act of 1993 for all
disturbances to the ground, including exploration drilling and
other activities and mining, for all minerals except potash,
sand, gravel, caliche, borrow dirt, quarry rock, natural
petroleum, coal, geothermal resources, activities regulated by
the federal Nuclear Regulatory Commission and except for
lands owned by Indian tribes http://www.emnrd.state.nm.
us/MMD/MARP/marpmainpage.html.

Rock collecting (or rock hounding), prospecting, and
non-commercial gold panning are considered a casual use of
public lands under most circumstances, and are not subjected

Table 2. Summary of reports on mining districts in New Mexico

Author(s) Number of mining districts Map Types of commodities
recognized
Jones (1904, 1908) >100 no Mostly metals
Lindgren et al. (1910) 81 yes Mostly metals
Hill (1912) 85 yes Mostly metals
Jones (1915) 144 yes Mostly metals
Ellis (1929) 75 no Mostly metals
Lasky and Wooton (1933) 119 Metals
Northrop (1942, revised in 1959 156 in 1941; 177 in 1959 yes Metals, industrial minerals, coal, uranium
and 1996) 14SSA-5
Talmage and Wootton (1937) 175 yes Industrial minerals
Anderson (1955) 140 no Metals
File and Northrop (1966) 196 (71 prospect areas) no Metals, industrial minerals, coal, uranium
Howard (1967) 136 no Metals, industrial minerals, coal, uranium
Mardirosian (1971) 254 Metals, industrial minerals, coal, uranium
North and McLemore (1986) 149 yes Silver, gold districts
Hoffman (1996) yes Coal
McLemore (2001) 163 yes Silver, gold districts
McLemore and Chenoweth (1989) 87 yes Uranium
Ackerly (1997) 140 yes Metals, uranium
McLemore et al. (2005a, b) 269 yes Metals, industrial minerals, coal, uranium
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to the Mining Act of 1872 and the New Mexico Mining Act
of 1993. However, it is up to each individual to know the
laws and land ownership before prospecting and mining.

Definition of a Mining District

During the California Gold Rush in 1849, the Military
Governor of California established that gold can be pro-
duced from federal land without charge or hindrance (Lacy,
1995), and thus, set the stage for subsequent legislation and
mining culture in the western United States, including New
Mexico. Most mining laws prior to the California Gold
Rush already established that the minerals on Federal land
belonged to the government, even though prospecting and
development were encouraged. In practice, miners typically
established local mining district boundaries and regulations
for prospecting and mining, essentially a consensual group
of bylaws agreed to by the individual miners. Local and
regional conflicts between miners still occurred and the
United States Congress was asked to formalize these
arrangements. In 1865, Congress established Committees
on Mines and Mining in both the House and Senate.

In May 1872, after many discussions and variations of
legislation, Congress passed a general mining law called,
“An Act to promote the Development of the mining resourc-
es of the United States.” This act declared that mineral
deposits on lands belonging to the United States are free and
open to exploration and purchase by citizens of the United
States, according to provisions detailed in the law, and also
according to local customs and to the rules established by
miners in various organized districts. The 1872 Mining Law
validated existing organized mining districts and authorized
formation of new mining districts. At that time, some mining
districts were legally defined lawful governmental entities,
formed by the miners themselves to establish law and order.
By-laws were written and filed at the county courthouse that
defined the boundaries of the district, provided a name, and
established rules and procedures for the miners (Hill, 1912;
Tingley, 1998). In some mining districts, these laws included
procedures for punishment of claim jumpers, robbers and
murderers. Today these mining districts are often referred to
as traditional or organized mining districts (Foley, 2011).
The full text of the 1872 Mining Act can be found at http://
www.usminer.com/the-general-mining-act-of-1872/. The
1872 Mining Act has been modified and revised by subse-
quent legislation since. The discussion of these changes is
beyond the scope of this report.

The importance of the traditional or organized mining
districts diminished throughout western United States after
the 1872 Mining Law was passed. Since the 1872 Mining
Act was passed, miners no longer felt the need for formal-
izing the districts and the term mining district has been
loosely applied to areas of mineral production in New
Mexico, in some cases without regard to legal definitions
and formation of bylaws (Hill, 1912). One of the earliest
uses of mining districts was by Raymond (1870), who
reported metal production by district in 1870. Jones (1904)
stated that “most mining districts in New Mexico are very
indefinite in regard to their extent or area...” Lindgren et al.
(1910, p. 46) was one of the first to recognize the geological
importance of mining districts by observing that, “deposits
of metallic ores rarely occur in single occurrences. They
cluster characteristically in certain localities and these are
designated as ‘districts’. Each district is delimited simply by
customs or regulations of miners within its confines, and

may contain several subdistricts or camps.” File and
Northrop (1966) and Howard (1967) also recognized that
most mining districts in New Mexico were never formalized
as prescribed by law.

Elsewhere in the western United States, the term mining
district was used to include any area of mineral production,
especially when reporting state and mining district mineral
production by the U.S. Geological Survey (USGS) and later
the U.S. Bureau of Mines (USBM) (USGS, 1902-1927;
USBM, 1927-1990). Since 1990, the USGS has published
the mineral yearbooks (http://minerals.usgs.gov/minerals/
pubs/myb.html) and mineral production is generally
reported only for the entire state. Clark (1970) defined gold
districts in California as any area that yielded gold in com-
mercial amounts. More recently, mining districts have been
defined by geologic criteria and mineral production. Keith et
al. (1983) defined the mining districts in Arizona on the
basis of geologic criteria, specifically similar age and style of
mineralization. In the description of mining districts in
Nevada, Tingley (1998) included the traditional, historical
organized mining districts, but also included areas where
concentrations of specific mineral deposits are known to
occur in Nevada, including the nonmetallic or industrial
minerals as mining districts. See Appendix 3 for more
information on the evolution of the definition of mining
districts in New Mexico through time.

A mining district, as used in this resource map, is a group
of mines and/or mineral deposits that occur in a geographi-
cally defined area (such as a mining district or coal field)
that locally are determined by geologic criteria (distribution
of mines and deposits, mineralogy, faults, lithology, strati-
graphic horizons, common mineralization processes, age,
etc.) and has had some mineral production. A prospect area
is an area defined by geologic criteria (distribution of mines
and deposits, mineralogy, faults, lithology, stratigraphic
horizons, age, etc.) that has had no mineral production. A
mineral deposit is any occurrence of a valuable commodity
or mineral that is of sufficient size and grade (concentration)
for potential economic development under past, present, or
future favorable conditions. An ore deposit is a well-defined
mineral deposit that has been tested and found to be of
sufficient size, grade, and accessibility to be extracted and
processed at a profit over a specific time. Mineral deposits
are not commonly found just anywhere in the world. Instead
they are relatively rare and their formation and distribution
depends upon specific natural geologic conditions or pro-
cesses to form, as described in this resource map and
McLemore et al. (2017). Mineral deposits require a source
of constituent elements, transport and concentration mecha-
nisms or processes, and preservation from subsequent geo-
chemical and mechanical destruction. The requirement that
an ore deposit must be extracted at a profit makes them even
rarer. Mineral deposits also formed at various geologic
times, through a combination of geological processes that
are closely related in time (McLemore and Lueth, 2017,
McLemore and Austin, 2017). Thus, mineral deposits are
commonly clustered in geological provinces (i.e., mineral or
mining districts) in terms of both location and time
(Lindgren et al., 1910; Lindgren, 1933).

Note that many mining districts and prospect areas in
New Mexico have more than one type of mineral deposit
(Appendix 1). Most mining districts, prospect areas, and
coal fields in New Mexico were previously defined by File
and Northrop (1966), North and McLemore (1986),
McLemore and Chenoweth (1989), Hoffman (1996), and

McLemore (2001) (see Appendix 3), but some districts and
prospect areas have been combined and new districts and
prospect areas have been added, as explained in Appendix 1.
Traditionally, the USGS and USBM reported mineral produc-
tion by mining districts, not by individual mines (Appendix
2; USGS, 1902-1910; USBM, 1927-1957). Because of this
reporting policy, many of the districts shown on this resource
map also are based on USBM-defined districts as described in
these yearly reports. Most sand and gravel, crushed stone,
and dimension stone mines are scattered throughout New
Mexico, are found in many geologic units, and were never
designated as belonging to specific mining districts.
Mardirosian (1971) attempted to delineate some of these
areas of common industrial minerals production as districts,
but not all of them are included on this resource map. These
active and inactive, low-value industrial minerals operations
are generally not included in specific mining districts,
because development of these operations depends upon being
close to cities or highways where they are used and not
because of geologic criteria. New Mexico has potential for
several critical and strategic mineral resources (REE, telluri-
um, beryllium, etc.) and several prospect areas were added on
this resource map to include these areas.

The naming of a mining district or prospect area is a
complex and sometimes an arbitrary and emotional issue.
File and Northrop (1966) found five factors that enter into
the naming of a mining district or prospect area: 1) lode and
placer mining claim names, 2) survey names, 3) post office
names, 4) agency names, and 5) names from other sources.
These are in themselves complicating factors, and become
more so when local custom imposes a local name for a place
officially named something else on a topographic map or in
the official government records.

The 1872 Mining Law established procedures for locating
mining claims using the public land survey, i.e. township,
range, and sections. The original surveyor was allowed to
name mining districts that he surveyed, but these names
could be changed by mining claim owners and anyone else.
Some mining districts were simply named after the nearby
U.S. Post Office. Although this resource map attempts to
standardize the naming of mining districts and prospect
areas in New Mexico, other names will undoubtedly be used.

The names of mining districts and prospect areas as
established by File and Northrop (1966) are used wherever
possible on this resource map. All mining districts and pros-
pect areas on this resource map have mineral potential and
some exploration has been performed. A subdistrict is any
part of the mining district that has been subdivided for any
reason. Mining areas and mining regions as defined by
Howard (1967) are obsolete terms and their use is no longer
recommended, although these areas can be identified as a
subdistrict. Mining camps are now defined as mining dis-
tricts or subdistricts. The boundaries of mining districts and
prospect areas on this resource map are generally determined
by historical convention or custom, geologic criteria and the
distribution of known mining claims, mines and deposits,
especially producing mines. Even the mining district bound-
aries are expected to change with time as additional pros-
pecting and development occurs and as inventories of his-
torical mines are completed.

Some of the challenges in identifying a unique mining
district and prospect area name include synonyms or aliases,
spelling variations, confusion with names of mining camps
and subdistricts, legislative changes in the county boundar-
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ies, and the same name applied to different areas. Thus the
assignment of a DISTRICT ID number becomes important
to uniquely identify a particular mining district. This
resource map attempts to include all of the known synonyms
or aliases in Appendix 1.

Methods

Published and unpublished data were inventoried and com-
piled from lists of existing mining claims, mines and mills
within New Mexico, from a literature search of published
data, and from unpublished file data. Mineralized areas were
examined and sampled in 1980 through 2016 by NMBGMR
staff. Some information on the individual mines are included
in the New Mexico Mines Database (McLemore et al.,
2005a), which will be available on the NMBGMR web site
sometime in the future. This resource map only includes the
district portion of the New Mexico Mines Database. The
New Mexico Mines Database consists of a finite collection of
tables, which are linked to one another through use of
unique alphanumeric mining district identification number
(DISTRICT ID). This alphanumeric mining DISTRICT ID,
termed “primary key” in the database, allows for informa-
tion to be queried, entered without redundancy, and reported
as standard output.

Mining and production records are generally poor, par-
ticularly for the earliest times and many early records are
conflicting. The data reported in this report are the best data
available and were obtained from publically available pub-
lished and unpublished sources (NMBGMR file data).
Proprietary data were not included in this report. However,
mining district data are subject to change as new data are
obtained, therefore updates to this resource map are expected.
The dollar value of production used throughout this resource
map represents the estimated dollar value at the time of
production and was not adjusted for inflation.

The production figures are the best non-confidential data
available and were obtained from published and unpublished
sources (NMBGMR file data). Production figures are subject
to change as new data are obtained. Some resource and
reserve data presented in this resource map are historical, are
provided for informational purposes only, unless otherwise
stated, and do not conform to Canadian National Instrument
NI 43-101 requirements (http://web.cim.org/standards/doc-
uments/Block484_Doc111.pdf, accessed November 12,
2015). Historic and recent production and reserve/resource
data are reported in metric or English units, according to the
original publication, in order to avoid conversion errors.
Stratigraphic nomenclature is currently being revised as the
geologic mapping program administered by the NMBGMR
progresses. An attempt has been made to use the most cur-
rent stratigraphic nomenclature as suggested by Chapin et al.
(2004) and Cather et al. (2013). However, changes in the
stratigraphic nomenclature are expected in the future.

Gold and silver grades (or concentration), by convention
are generally reported as ounces per short ton (oz/ton). Other
metals and many industrial minerals are reported in weight
percent (%). Uranium grades, by convention, are generally
reported as weight percent (%) or parts per million (ppm)
U30s. Uranium production and reserves in the United States
are typically reported in pounds or short tons, although many
companies are beginning to use the international system that
uses grams per metric ton and metric tons. Historic conven-
tions are used in this report, unless otherwise noted.
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TABLE 3. Types of mineral deposits in New Mexico, in order of perceived age (oldest to youngest), excluding coal deposits (modified from

North and McLemore, 1986, 1988; Cox and Singer, 1986; McLemore and Chenoweth, 1989, 2017; McLemore and Lueth, 1996, 2017,

McLemore, 1996a, 1996b, 2001; McLemore and Austin, 2017). USGS (U.S. Geological Survey) classification from Cox and Singer (1986)
and subsequent reports (see http://minerals.usgs.gov/products/depmod.html). PGE=platinum group metals. REE=rare earth elements. See

Table S for definitions of abbreviations.
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TABLE 3. Types of mineral deposits in New Mexico, in order of perceived age (oldest to youngest), excluding coal deposits.

NMBGMR classification

USGS classification
(USGS model number)

Commodities Perceived age of deposit in

New Mexico

NMBGMR classification

USGS classification

(USGS model number)

Commodities

Perceived age of deposit
in New Mexico

Volcanogenic massive sulfide (VMS) USGS classification
(USGS model number)

Pegmatite

Vein and replacement deposits in
Proterozoic rocks (formerly Precambrian veins and
replacements)

Proterozoic iron formation

Syenite/gabbro-hosted Cu-Ag-PGE

Disseminated Y-Zr deposits in alkaline rocks

Volcanogenic massive sulfide

(24a,b, 28a)
Pegmatite (13a-h)

Polymetallic veins, fluorite veins

(22¢, 26b)

Volcanic hosted magnetite (25i)

Gabbroid-associated Ni-Cu (7a)

Alkaline complex associated

zircon (11c¢)

Au, Ag, Cu, Pb, Zn

Be, Li, U, Th, REE,
Nb, Ta, W Sn, Zr, Hf

Au, Ag, Cu, Pb, Zn,
Mn, E, Ba

Fe, Au
Cu, Ag, PGE

Y, Zr, REE, U. Th, Hf

1650-1600 Ma

Probably 1450-1400 Ma,
1100-1200? Ma, some
Tertiary

Proterozoic to Tertiary

Proterozoic

Probably 1450-1400 Ma,
could be older

1100-1200 Ma

Carbonatites

Episyenites and REE-Th-U veins

Sedimentary-iron deposits

Sedimentary-copper deposits

Uraniferous collapse-breccia pipe (including clastic plug
deposits)

Limestone uranium deposits

Sandstone uranium deposits

Carbonatite and peralkaline
intrusion-related REE deposits

(10)
Th-REE veins (10b, 11d)
Oolitic iron (34f)

Sediment-hosted copper (30b)

Solution-collapse breccia pipe U

deposits (32e)
none

Sandstone uranium (30c¢)

REE, U, Th, Nb, Ta,
Zr, Hf, Fe, Ti, V, Cu,
apatite, barite

REE, U, Th, Nb, Ta
Fe

Cu, Ag, Pb, Zn, U,V
Cu, Ag, U, Co, Se,
REE?

U, V, Se, Mo

U, V, Se, Mo, REE?

400-600 Ma, one about
22 Ma

400-600 Ma

Cambrian-Ordovician

Pennsylvanian-Permian,
Triassic

Triassic, Jurassic

Jurassic

Pennsylvanian-Permian—
Miocene

Beach placer sandstone deposits
Replacement iron

Porphyry Cu, Cu-Mo (+Au)
Cu, Pb, Zn, Fe skarn
Polymetallic vein

Porphyry Mo (+Cu, W)

Shoreline placer Ti (39¢)

Iron skarn (18d)

Porphyry copper (17, 20c, 21a)

Skarn (18a, 18c, 19a)
Polymetallic veins (22¢)

Porphyry Mo-W (16, 21b)

Th, REE, Zr, Hf, Ti, U,
Fe, Nb, Ta

Fe

Cu, Mo, Au, Ag

Au, Ag, Cu, Pb, Zn
Au, Ag, Cu, Pb, Zn
Mo, W, Au, Ag, Be, Cu

Cretaceous

Cretaceous—Miocene
(75-50 Ma)

75-50 Ma
75-40 Ma
75-40 Ma
Probably 35-25 Ma

Carbonate-hosted W-Be replacement and skarn (Mo-W-
Be, F-Be, Fe-Mn)

Carbonate-hosted Pb-Zn (Cu, Ag) replacement
Carbonate-hosted Ag-Mn (Pb) replacement

Great Plains Margin (GPM or alkaline-related) deposits
(including polymetallic epithermal to mesothermal veins;
gold-bearing breccias and quartz veins; porphyry Cu-
Mo-Au; Cu, Pb/Zn, and Au skarns and carbonate-hosted
replacement deposits; Fe skarns and replacement bodies;
Th-REE-fluorite (with U and and Nb) epithermal veins)

‘W-Be skarns (14a)

Polymetal