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Carlisle Shale (Kc) Mostly dark-gray shale with sparse
yellow-brown sandstone beds in
upper half of formation

Mixture of Precambrian and
younger sedimentary rock clasts

Alternating beds of medium-gray
limestone with olive-gray shale
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least 1,100 ft and still have sufficient gradient to migrate
tzj east to the lower elevations at the hot springs, and con-

tinue east to the plains.
The relatively recent uplift of the basement rock may

r2o2 provide an alternative or additional source of this heat.
The Precambrian rocks in the Montezuma area were
deeply buried until the Laramide orogeny, and thus may
retain some of their original heat. These rocks moved to
the surface during the Miocene and post-Miocene re-

323 juvenation of the Rocky Mountains, and crop out,
among other places, to the west of the hot springs area.
Subsurface water passing through-or adjacent to-
these Precambrian rocks could have its temperature
raised to 56'C.l ru A third possible source is related to the volcanism that
has occurred in northeastern New Mexico during the

. last 8 m.y. Although the nearest volcanic cone is 25 mio northeast of Montezuma, several lamprophyre dikes
cutting Cretaceous rocks are exposed 6 mi northeast of

93 the hot springs. Magma, related to the volcanics, may
exist near the percolation zone, heating ground water
that rises due to thermal differentiation. This magma
may extend under and to the west of the hot springs,
and contribute significant heat to the spring water.

It is unlikely that the Montezuma Hot Springs could
r3.7 be developed as a geothermal source for a large elec-

trical generation plant. For such a plan to be effective,
the area would need a large volume of super-heated
steam at a temperature of at least 400' F (202" C), and a
pressure of 150 psi (Summers, 1968). These conditions

172 are not present at Montezuma Hot Springs.
The springs, however, could be utilized to a much

greater degree than they are at present. A roofed-over
swimming pool could become a center for year-round

2,000+ bathing; ind some of the hot water could be pumped to
supply radiator heat and hot water for buildings in the
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vicinity. The most commercially feasible,
simple enterprise would be a series of
greenhouses located below the hot springs
and heated year round for growing vege-
tables and flowers.

A more complicated, industrial genera-
tion of electricity on a small scale might
be accomplished through the use of heat
engines. Apparently the temperature dif-
ferential between the hot spring waters
and the cold water of the Gallinas River is
great enough to make heat engines eco-
nomically feasible, although a substantial
capital investment would be necessary for
their installation.
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Mining, milling, and
smelting operations in
southwest New Mexico

by Robert Shantz, Metal lurgist,  Hi l lsboro, NM, formerly of NMBM&MR

The ultimate goal of mining and min-
eral-processing operations in southwest
New Mexico is the Production of a
relatively pure metal or nonmetallic
mineral. Most metals occur in chemical
combination with other elements to form
minerals. These minerals are dispersed
throughout generally valueless rock-form-
ing minerals (gangue) to form ore - rock
masses of sufficient size and value to be
processed economically. These ore bodies
occur in the surrounding rock or waste
and vary in size from very high-grade ore
deposits a few inches thick in some pre-
cious-metal mines to low-grade ore depos-
its hundreds of feet thick in porphyry cop-
per mines. The mining process removes
the ore from the surrounding waste rock;
milling separates the valuable minerals
from the gangue; and smelting breaks
down the minerals to yield the pure metal.
Various company operations use different
equipment and procedures to accomplish
these steps.

At present, some of the major mines,
mills, and smelters in southwestern New
Mexico are shut down as a result of
depressed copper and zinc Prices.
Although significant quantities of non-
metallic minerals such as fluorspar were
produced in the past, present production
is limited, except for the Mathis lime plant
midway between Hanover and Central.

Most of the major operators provide
for some form of public access. During
the summer Kennecott Copper Corpora-
tion normally conducts tours of its opera-
tions at Hurley for the general public. As
a rule, given advance notice, both Ken-
necott and Phelps Dodge Corporation at
Tyrone are able to arrange special group
tours. Other operators vary in their
policies regarding public tours. In addi-
tion, Phelps Dodge, Chino, and TYrone
have readily accessable public lookouts at
the pits.

The potential hazards of abandoned
mines are significant and many. Do not
enter abandoned mines, pits, or workings.
Children in all mining areas should be
under careful supervision at all times.

Mining
In general, mining operations can be

divided into two categories: underground

and open-pit. Open-pit mining is the
method of choice in areas where ore
deposits occur at or near the surface.
Deposits of this type occur at Santa Rita
and Tyrone as large, low grade ore
bodies. Underground mining methods are
used to recover ore in narrow, nearly ver-
tical veins and chutes (in the case of the
Groundhog mine at Vanadium); or when
the ore body is covered by too much over-
burden to remove economically (in the
case of UV Industries). Both conditions
are present in the area.

There are three major open-pit mines in
the district. UV Industries at Fierro, Ken-
necott Copper Corporation at Santa Rita,
and Phelps Dodge at Tyrone. In the pits,
ore and waste are first broken by drilling
holes up to 14 inches in diameter and 60 ft
deep at a predetermined distance back
from the edge of the bench. The holes are
loaded with explosive, then blasted. The
broken rock is loaded into trucks by elec-
tric shovels-some of which can move up
to 25 tons at a time (fig. l). Such shovels,
at present, cost in excess of a million
dollars. Trucks used in the pits have
capacities from 40 to 150 tons each, and
there is a trend towards even larger
trucks.

With the present ore grade at Chino
and Tyrone, about 3 tons of waste must
be moved for each ton of ore mined.
Allowing for milling and smelting losses,
this means about 700 lbs of rock must be
blasted, loaded, and hauled for each
pound of copper produced. The Chino
mine produces about 23,0ffi tons of ore
per day, Tyrone about 46,000 tons.

Because most of the underground
mines in the district have been closed
down due to depressed metal prices, UV's
Continental Mine at Fierro is currently
the only one of its kind in operation.
ASARCO's (American Smelting and
Refining Company) Groundhog unit at
Vanadium and Federal Resources Cor-
poration's Bonney Mine at Lordsburg can
be expected to open iflead, zinc, and cop-
per prices rise. Several small underground
mines ship limited amounts of precious-
metal bearing fluxing ore to the ASARCO
smelter at El Paso, and a few other mines
produce fluorspar on an intermittent
basis.


