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Introduction

The geochemical survey of the Magdalena mining
district is one in a continuing series of similar studies
made by the New Mexico Bureau of Mines and Min-
eral Resources. In this study, an attempt has been
made to establish the presence of mercury and the ex-
tent of its anomalies in stream sediments. It is known
that dispersion of mercury above some hydrothermal
ore deposits can be used as an aid in prospecting (Sau-
kov, 1946; Hawks and Webb, 1962). Most studies of
mercury dispersion are conducted by sampling the bed-
rock and, in some instances, by running soil analyses.
A concurrent analysis of samples for this survey for
lead, zinc, molybdenum, and copper was necessary to
trace any possible relationship between anomalies of
mercury and other metals of the district. The data thus
obtained can be used in probing the area adjacent to
the Magdalena district.

A geochemical bedrock traverse survey of the district
was undertaken to establish the local threshold of lead,
zinc, copper, molybdenum, and mercury in bedrock.

Although an improvement in the detecting tech-
nique of mercury was not planned at the beginning, it
became necessary to make some improvements in the
process of analysis in order to obtain more accurate
results.

LOCATION AND ACCESSIBILITY

The Magdalena mining district lies in Socorro
County in the central part of New Mexico about 65
miles south of Albuquerque and 28 miles west of So-
corro (fig. 1). The investigated area is near the north
end of the Magdalena Mountains, lying mostly on the
west slope. The mining camp of Kelly was adjacent to
the most productive area and was the largest camp in
the district. The town of Magdalena is 3 miles from
the principal mines and at the end of the branch line
of the Atchison, Topeka, and Santa Fe Railway which
leaves the main line at Socorro.

Access to the district is provided by U.S. Highway 60
which passes through the town of Magdalena.

Elevation of the district ranges from 6025 feet at its
northeast corner to 9650 feet at the southeast corner
on the crest of the range.

PREVIOUS WORK

U.S. Geological Survey Professional Paper 200
(Loughlin and Koschman, 1942) is a detailed study of
the geology and ore deposits of the Magdalena mining
district. Unfortunately, this work is out of print; a
brief description of the geology of the area is given in
connection with the present study. Lasky ‘and Wootton
(1933) compiled production records for the district
from its earliest days through 1932. Their work was
revised by Anderson (1957), who provided production
data from 1932 through 1954. The most recent figures

on production of the Magdalena district were com-
piled by the U.S. Geological Survey (1965).

GEOLOGY

There are four main groups of geologic formations
in the district: argillite and granite of Precambrian
age forming the core of the Magdalena Mountains;
limestones, shales, and quartzites of Mississippian,
Pennsylvanian, and Permian ages overlying the core
and dipping westward; extrusive and intrusive igneous
rocks of Tertiary age overlying the late Paleozoic sedi-
mentary rocks and predominant in the southern and
northwestern parts of the district; and landslides and
alluvial deposits of Pleistocene to Recent age. Faults
are numerous and are important structural features of
the area. The principal mineralization is confined to
a zone in the sedimentary rocks; it is adjacent to and
above or below the "Silver Pipe" member of the Kelly
Limestone. Secondary oxidized ores derived from the
primary ores occur near the surface.

Since the geologic map of the district (Loughlin and
Koschmann) is out of print, the distribution of faults
and a simplified geology were adapted from previous
work and used in the geochemical base map.

HISTORY OF MINING

The Magdalena mining district produced 325 mil-
lion pounds of zinc, 73,000 short tons of lead, 5500
short tons of copper, 4 million ounces of silver, and
less than 10,000 ounces of gold from 1866 through
1963. Mining activity in this district began with the
discovery of oxidized lead ore, and the discovery of
zinc carbonate in 1903 resulted in a marked increase in
mining operations. Silver and gold are minor constitu-
ents of the lead and zinc ores. The production has
been intermittent and fluctuating with metal prices.
The ores of this district are classified as pyritic, pyritic
copper, zinc, lead, and mixed sulfide, or zinc-lead. The
mixed ores predominate and are in the form of local
lenticular sheets. Almost all the known ore bodies are
of the replacement type.
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Geochemical Studies of the District

ANALYTICAL METHODS

All the rock and stream sediment samples were an-
alyzed by the Rocky Mountain Geochemical Labora-
tories for lead, zinc, copper, and molybdenum content.
The Type S Mercury Detector (Lemaire Instruments,
Reno, Nevada) designed for the detection of mercury
was adapted to laboratory conditions to improve its
accuracy and to obtain permanent records of the as-
says. Figure 2 shows the standard equipment of the
mercury detector. In principal, the instrument oper-
ates on the absorption by mercury vapor of ultraviolet
light at 2537 Angstrom units (Ballard and Thornton,
1941). The modified equipment used for mercury an-
alysis in this study is shown in Figure 3; here a small
electric furnace replaces the propane burner and a
recorder is connected to the microammeter circuit of
the detector. Thus, the deviation of the microammeter
is recorded and evaluated with higher precision. The
rock samples collected for mercury vapor tests were
ground and screened down to A40 mesh. The stream
sediment samples were dried and screened to the same
size. One gram of the sample was heated in a steel
sample-heating bulb that is connected to the Mercury
Detector. The mercury content of the sample was eval-
uated from the curve reproduced by the recorder.

ROCK SAMPLING SURVEY

Geologic cross sections of the Magdalena mining
district (Loughlin and Koschmann) were chosen for
geochemical traverse surveys. Aggregate samples of
rock chips were taken along the cross sections and an-
alyzed for lead, zinc, copper, molybdenum, and mer-
cury content. These samples represent the outcrop of
the formations along the profile. Some samples were
taken from both sides of a dislocation or from the
common border of the adjacent formations. Traverses 1
through 7 show the simplified geologic cross sections
of the Magdalena district, the location of the samples,
and the fluctuation of metal contents along the trav-
erses. Table 1 describes the rock formation represented
by each sample and gives the assay values of lead, zinc,
copper, molybdenum, and mercury. Figures 4, 5, 6,
7, and 8 show the frequency distribution of lead,
zinc, copper, molybdenum, and mercury in the rock
samples.

The following values were chosen as threshold con-
tents for the traverse survey: lead, 70 ppm; zinc, 100
ppm; copper, 30 ppm; molybdenum, 2 ppm; and mer-
cury, 50 ppb.

A comparison of lead, zinc, copper, or molybdenum
anomalies with anomalies of the mercury content in
rock samples reveals the following:

Total number of lead, zinc, copper or molyb-

denum anomalies 66
Total number of mercury anomalies 33
Mercury anomalies coinciding with lead, zinc,

copper, or molybdenum anomalies 23

This means that 50 per cent of the lead, zinc, cop-
per, or molybdenum anomalies is confirmed by the
mercury anomalies and that 70 per cent of the total
mercury anomalies corresponds to those of the other
metals.

A further breakdown of mercury anomalies shows
the following relationship:

4 per cent of the mercury anomalies confirmed by
the anomalies of other metals corresponds to the
anomalies of four metals;

18 per cent of the mercury anomalies confirmed by
the anomalies of other metals corresponds to the
anomalies of three metals;

21 per cent of the mercury anomalies confirmed by
the anomalies of other metals corresponds to the
anomalies of two metals;

57 per cent of the mercury anomalies confirmed by
the anomalies of other metals corresponds to the
anomalies of one metal.

STREAM SEDIMENT SURVEY

There are no permanent streams within the area
studied. "Stream™ sediment samples were taken along
the main valleys and the arroyos of the district (pl.
1). Some arroyos, no doubt, are contaminated by
existing waste dumps, but these are easy to spot.
Table 2 gives the assay values of lead, zinc, copper,
molybdenum, and mercury in stream sediment sam-
ples. The frequency distribution of stream sediment
sample analysis is shown in Figures 9, 10, 11, 12, and
13

The following values were chosen as threshold con-
tents for stream sediment survey: lead, 200 ppm; zinc,
150 ppm; copper, 60 ppm; molybdenum, 3 ppm; and
mercury, 150 ppb.

A relationship between mercury anomalies and
anomalies of the other metals can be established from
the following:

Total number of lead, zinc, copper, or mo-

lybdenum anomalies 116
Total number of mercury anomalies 63
Mercury anomalies coinciding with lead,

zinc, copper, or molybdenum anomalies 50

In other words, 54.3 per cent of the lead, zinc, cop-
per, or molybdenum anomalies is confirmed by the
mercury anomalies and 79.3 per cent of the total mer-
cury anomalies corresponds to those of the other four
metals.



A further breakdown of the data shows that in
stream sediment samples most of the mercury anoma-
lies correspond to the anomalies of four and three
other metals.

38 per cent of the mercury anomalies confirmed by
the anomalies of other metals corresponds to the
anomalies of four metals;

38 per cent of the mercury anomalies confirmed by

the anomalies of other metals corresponds to the
anomalies of three metals;

14 per cent of the mercury anomalies confirmed by
the anomalies of other metals corresponds to the
anomalies of two other metals;

10 per cent of the mercury anomalies confirmed by
the anomalies of other metals corresponds to the
anomalies of one other metal.

Conclusions

Although the mercury halo method was primarily
devised to discover hidden ore bodies, it can be used
in geochemical stream sediment surveys. The present
study indicates that 76 per cent of the mercury anoma-
lies confirmed by the anomalies of lead, zinc, copper,
or molybdenum in stream sediments corresponds to
the anomalies of all four or three out of four of the
other metals. In the traverse survey (that is, rock

sampling), only 22 per cent of the mercury anomalies
belongs to this category.

Portable equipment for mercury detection used in
this study is useful in preliminary work, but a more re-
liable and sensitive instrument must be used for quan-
titative determination of mercury content (McCarthy
and Vaughn, 1964).
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TABLE 1. ASSAY RESULTS FROM ROCK SAMPLING.



TABLE 1. ASSAY RESULTS FROM ROCK SAMPLING (Cont)



TABLE 2. ASSAY RESULTS FROM STREAM SEDIMENT SAMPLING



TABLE 2. ASSAY RESULTS FROM STREAM SEDIMENT SAMPLING (Cont)



TABLE 2. ASSAY RESULTS FROM STREAM SEDIMENT SAMPLING (Cont)
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Figure 1
INDEX MAP SHOWING LOCATION OF MAGDALENA MINING DISTRICT
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Figure 2
STANDARD EQUIPMENT OF THE TYPE S MERCURY DETECTOR

Figure 3

MODIFIED EQUIPMENT OF THE TYPE S MERCURY DETECTOR FOR LABORATORY WORK
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Figure 4
FREQUENCY DISTRIBUTION OF LEAD IN TRAVERSE SURVEY, ROCK SAMPLES

Figure 5
FREQUENCY DISTRIBUTION OF ZINC IN TRAVERSE SURVEY, ROCK SAMPLES
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Figure 6
FREQUENCY DISTRIBUTION OF COPPER IN TRAVERSE SURVEY. ROCK SAMPLES

Figure 7
FREQUENCY DISTRIBUTION OF MOLYBDENUM IN TRAVERSE SURVEY, ROCK SAMPLES



Figure 8
FREQUENCY DISTRIBUTION OF MERCURY IN TRAVERSE SURVEY, ROCK SAMPLES

Figure 9
FREQUENCY DISTRIBUTION OF LEAD IN STREAM SEDIMENT SURVE
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Figure 10
FREQUENCY DISTRIBUTION OF ZINC IN STREAM SEDIMENT SURVEY
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Figure 11
FREQUENCY DISTRIBUTION OF COPPER IN STREAM SEDIMENT SURVEY
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Figure 12
FREQUENCY DISTRIBUTION OF MOLYBDENUM IN STREAM SEDIMENT SURVEY
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Figure 13
FREQUENCY DISTRIBUTION OF MERCURY IN STREAM SEDIMENT SURVEY
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Traverse |. Rock sampling and geochemical profile



Traverse 2. Rock sampling and geochemical profile
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Traverse 3. Rock sampling and geochemical profile
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Traverse 4. Rock sampling and geochemical profile
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Traverse 5. Rock sampling and geochemical profile



Traverse 6. Rock sampling and geochemical profile
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Traverse 7. Rock sampling and geochemical profile
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