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Abstract

A reconnaissance geochemical survey in northern Sonora has been completed
by the Consejo de Recursos Minerales and the U.S. Geological Survey. The
geochemical reconnaissance was part of the first phase of a cooperative
project designed to develop new geochemical, geophysical, and geological
exploration techniques and mu]tidiscip1inény strategies useful in the search
for mineral deposits in the Sonoran environment,

Multiple sample media were employed in the study. The samples were
analyzed for many elements and multivariate interpretive techniques were used
to develop geochemical interpretations. Pulverized stream sediments screened
to -80 mesh and pulverized nonmagnetic, heavy-mineral concentrates screened to
-30 mesh were found to be the most useful sample media. Samples were analyzed
for 30 to 60 elements by emission spectrographic methods and in some cases
atomic absorption methods. The analytical values and map coordinates for
approximately 1200 sample sites were entered into the U.S. Geological Survey's
RASS computer data system, and selected data sets were analyzed by various
statistical computer programs to produce distribution maps of selected
elements, tabular statistics, and multivariate analyses. Patterns of element
interrelationship were seen most easily in the nonmagnetic fraction of the
heavy-mineral concentrates. This sample medium yields element suites
dominated by the influence of mineralization and has been found to be very

useful in mineral exploration studies.

Introduction
A cooperative project between the Consejo de Recursos Minerales of Mexico
(CRM) and the United States Geological Survey (USGS) was established to
conduct an experimental program to develop new geochemical, geophysical, and

geological exploration techniques and multidisciplinary strategies useful in




the search for mineral deposits in the Sonoran environment. To date the study

2 strip of land of medium to high mineral

area has been confined to a 25,000 km
potential in Sonora, Mexico, extending from the section of the U.S.-Mexico
border between Sasabe and Aqua Prieta, southeast through Cananea, Nacozari,
and terminating in the vicinity of Villa Hidalgo (Oputo) in the east and
Cumpas in the south (fig. 1).

The first phase of the project was the regional geochemical, geophysical,

and remote sensing study of the entire 25,000 km2

project area. A team
approach coordinating these disciplines was used to Tocate and evaluate areas
with mineral potential. Geochemical studies were conducted to lTocate and
characterize the mineralized areas, and to provide information about the
element suite, the intensity of mineralization, and often the position within
a zoned system.

Aside from mining company studies of the principal mining districts
within the study area, the major previous work of an exploratory nature was
the resource evaluation of several areas of Mexico jointly undertaken between
1962 and 1967 by the United Nations and Mexican government (United Nations,
1969), which led to the discovery of the Caridad porphyry copper deposit. Our
study, though covering part of the same ground as the United Nations study,

utilized modified exploration techniques with the hope of discovering subtle

anomalies previously overlooked.

Sampling Procedures
Orientation studies carried out prior to the regional reconnaissance
revealed that the exclusive use of -80 mesh screened stream-sediment samples
would be of limited success in the search for copper deposits within the study
area. A multiple sample media approach testing for many elements and

employing multivariate interpretive techniques was found to be necessary for
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meaningful geochemical interpretation of the area. Because so many
geochemical surveys are carried out using -80 mesh screened stream sediment as
a basic sample medium, it was decided to study the relationship between this
medium and other media.

As much as 50 percent of the total regional study area is covered by
alluvium in the form of bajadas and flood plains. The sampling program was
designed to sample the entire area of exposed bedrock and thin gravel-covered
pediment. but little sampling was done within the intervening, broad,
alluvium-filled valleys. An attempt was made, access permitting, to sample
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each tributary stream draining an area of 5 to 10 km® in order to give a

sample density of at least one sample/10 km

over the area of exposed bedrock
and thinly covered pediment. Most of the streams are dry arroyos except
during periods of heavy rainfall. The orientation program demonstrated that a
representative stream-sediment sample could be taken by either scooping a
small, shallow trench across the width of the active sediment of narrow
arroyos or by taking scoops of sediment at equally spaced intervals across the
width of wider stream channels. Stream-sediment samples were taken at approx-
imately 1200 sites. The general practice at sample sites with relatively dry
sediment was to sieve the samples to a -30 mesh size in the field and retain
approximately 2 kg for later sieving to -80 mesh after further drying. Tyler
stainless steel number 30 and 80 sieves were used. These sieves pass
‘particles with diameters less than 0.59 mm and 0.18 mm, respectively. The
orientation studies indicated that at many sample sites the -80 mesh sample
media contained higher concentrations of metals than the residual -30 mesh
sediment sample from which the -80 mesh samples were sieved. The ease and

increased speed of sieving a sufficient volume of -30 mesh sediment probably

outweighs the advantage of somewhat higher average metal concentrations of the




-80 mesh samples. The -30 mesh stream-sediment media has therefore been
utilized in recent USGS geochemical sampling projects in Sonora and southern
Arizona.

In addition to the -80 mesh stream-sediment sample, a second sediment
sample of at least 2 kg was taken for panning to produce a heavy-mineral
concentrate, An attempt was made to collect only sediment that had undergone
natural concentration in the stream channel, often indicated by areas of black
sand, in order to maximize the amount of heavy-mineral concentrate obtained.
This sample was panned to the point at which heavy minerals began to be lost,
often indicated by abundant epidote and/or hornblende in the concentrate
(Theobald, 1957). The volume of heavy minerals thus collected varied consid-
erably from site to site due to the varying degrees of natural concentration
in the stream channels and the variable percentage of heavy minerals in the

rocks upstream.

Sample Preparation Procedures

Each -80 mesh stream-sediment sample was run through a Braun pulverizer
and reduced to a fine powder producing a homogeneous sample for analysis.

The panned-concentrate samples were sieved and the material passing
through a number 30 sieve was'retained for analysis. Most of the magnetite
was removed with a hand magnet. A gravity separation in bromoform, a heavy
liquid with a specific gravity ranging from 2.80 to 2.89, allowed the remain-
.ing grains with a specific gravity of less than approximately 2.8 to be
floated off and discarded. The resulting heavy-mineral fraction was subdi-
vided on the basis of magnetic susceptibility to yield three subfractions. A

Frantz Isodynamic Magnetic Separator® with a forward slope of 25° and a side
slope of 15° was used to make the magnetic separations.

®Jse of trade names does not constitute endorsement by the U.S. Geological
Survey.




During the orientation study, thorite was found to be a commonly occur-
ring mineral in part of the study area. This discovery led to the decision to
choose a 0.6 amp setting, rather than a 1.0 amp setting, on the Frantz
separator in order to include in the nonmagnetic fraction most of the common
uranium, thorium, lanthanum, yittrium, and niobium minerals and also bornite
and tetrahedrite-tennantite (Rosenblum, 1958). A 1.0 amp setting is often
chosen for magnetic separations because in most areas the minerals of interest
would still be concentrated in the nonmagnetic fraction and the unwelcome add-
ition of a considerable amount of hematite, sphene, muscovite, tourmaline, and
some ferro-magnesium minerals, could be avoided. In addition to the 0.6 amp
setting, a lower setting of 0.2 amps was also used. The subfractions obtained
in the magnetic separations are referred to in this paper as magnetic heavy
minerals (magnetite removed by hand magnet plus minerals susceptible at the
0.2 amp setting, primarily magnetite, pyrrhotite, and illmenite), slightly
magnetic heavy minerals (those minerals susceptible at the 0.6 amp setting),
and nonmagnetic heavy minerals (those minerals not susceptible at the 0.6 amp
setting).

After the nonmagnetic samples were examined under a binocular microscope to
determine their mineralogy, a split of each of the three fractions was hand
ground to a fine powder for spectrographic analysis. To date, the magnetic
fraction has not been used in our studies. The slightly magnetic fraction has
been utilized in conjunction with the nonmagnetic fraction to estimate the depth
'of burial of sulfide mineral deposits in the region just south of E1 Alacran
(Alminas and Watts, 1978). Patterns of element interrelationship were seen most
easily in the nonmagnetic fraction of the heavy-mineral concentrates. This
sample medium yields element suites dominated by the influence of mineraliza-

tion, and has been found to be very useful in mineral exploration studies.




Analytical Procedures

A1l of the samples of stream sediment and heavy-mineral concentrate were
analyzed for 31 elements by a six-step semiquantitative emission spectro-
graphic technique routinely used by the U.S.G.S. (Grimes and Marranzino,
1968). Thorium was added to the list of 30 elements normally reported from
spectrographic analysis after it was noticed early in the study that many
samples showed thorium values above the lower detection limit of 100 ppm. In
addition, the stream-sediment samples were analyzed for copper, lead, zinc,
gold, and mercury by atomic absorption spectrophotometry (Ward and others,
1969) and for arsenic by the Gutzeit colorimetric method (Ward and others,

1963).

NData Processing Procedures

The analytical values and map coordinates for all sample sites were
entered into the U.S.G.S.'s computerized Rock Analysis Storage System (RASS)
and selected data sets were analyzed by various statistical computer programs
in the statistical package (STATPAC) system to produce distribution maps of
selected elements, tabular statistics, and multivariate analyses. To produce
the first set of distribution maps we subdivided the range of concentration of
each element into three or fodr intervals representing low, average, high, and
very high values. These intervals were represented by various symbols for
plotting. Ten of these maps covering the north half of the study area have
. been published (Allcott and others, 1977a-c, Frisken, and others, 1977a-c,
Hinkle and others, 1977a and b, and Mosier and others, 1977a and b). They
show the distribution of tin, molybdenum, lead, tungsten, iron, silver,
strontium, and barium in the nonmagnetic fraction of the heavy-mineral
concentrates and the distribution of zinc and copper in -80 mesh stream

sediment.




The appended tables 1, 2, and 3, present selected analytical data for the
stream-sediment, nonmagnetic heavy-mineral, and slightly magnetic
heavy-mineral samples, respectively. The magnetic heavy-mineral fraction is
not included in the tables because all of the samples have not been analyzed

at this time.
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