UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

ANALYTICAL RESULTS AND SAMPLE LOCALITY MAPS OF STREAM SEDIMENT,
PANNED-CONCENTRATE, SOIL AND DRILL CORE SAMPLES
FROM THE AGUA CALIENTE STUDY AREA, EL CORREO QUADRANGLE,

NORTHERN SONORA, MEXICO

By

Robert L. Turner and Robert G. Eppinger, III

Open-File Report 84-335

This report is preliminary and has not been reviewed for conformity with U.S.
Geological Survey editorial standards and stratigraphic nomenclature. Any use

of trade names is for descriptive purposes only and does not imply endorsement
by the USGS.



CONTENTS

Page
Studies related to the Mexican COOP Program..eseeceececescsscssesscscososssssl
INtroduCt 10N, ceseesesseesessessesscsssssssesssssosssassscssssscsssscsssssssel
Methods Of StUAYeuseeeoseeesscssssosssossssesssssscssscansssessscsscsasscssses
Sample COTT1eCti10N.eeeeeeensecessesscssscessseassceassssssssssscssscnsccsns
Stream sediment SaAmMPleS.ieeescessscsssssssessssssscsssasssscssscnses
Heavy mineral concentrate SampleS.seessessscesssscssscsssccsscsnses
SOTT SAMPTESeeseeeesseessessscsssssssssssossssssscassssssscnscnses
Drill cOre SampPleS.eeeeseeesscssssssssssesssesssssssscssssesscanss
Sample preparatioN..eecescesesceseesescescescessescssssssssossssssnssnss
Sample analySTiSeeeeeeeeesesesescssesessescsesassssssescssssssescsoasnssnse
Spectrographic methode.eeeeeeeeeeeeeeeeceeesossssscscscsscscsossns
Chemical methodS.seseseesceseeseesssscsscsscscssscsscssessessssesll0

ReferenCegoooooo.ooooo.lo.0o.oo.oooooooooooo.-o..o.ouoooo.00..00.00000..0-.07

Y OY O T O = s =

TABLES

TABLE 1. Analytical data for minus-30 mesh stream-sediment samples

collected during the USGS-CRM detailed study of the

Agua Caliente area, E1 Correo quadrangle, northern

SONOra, MEXTCOieeeeeeseceonsoncossssscsossrscascescssassscasssnsasscd
TABLE 2. Analytical data for nonmagnetic heavy-mineral-concentrate

samples collected during the USGS-CRM detailed study of the

Agua Caliente area, E1 Correo quadrangle, northern

SON0ra, MEXTCOueeoososesossssscesssssessssoscessssssocsssssscsnseld
TABLE 3. Analytical data for soil samples collected during the

USGS-CRM detailed study of the Agua Caliente area,

E1 Correo quadrangle, northern Sonora, MeXiCOesseeeeeeoseosenssssld?
TABLE 4a. Analytical data for drill hole 1 collected during the

USGS-CRM detailed study of the Agua Caliente area,

E1 Correo quadrangle, northern Sonora, MexiCO.sesseseescesesssessdl
TABLE 4b, Analytical data for drill hole 2 collected during the

USGS-CRM detailed study of the Agua Caliente area,

E1 Correo quadrangle, northern Sonora, MeXiCOseseeoessesssssessesbdl)
TABLE 4c. Analytical data for drill hole 3 collected during the

USGS-CRM detailed study of the Agua Caliente area,

E1 Correo quadrangle, northern Sonora, MeXiCO.eeeeeeseoseoscssesshld
TARLE 5a. Analytical data for the nonmagnetic fraction of drill hole 1

collected during the USGS-CRM detailed study of the

Agua Caliente area, E1 Correo quadrangle,

northern Sonora, MeXiCO.eeceeseececcssccccsccsscsscsscsosccsnscscaelh
TABLE 5b. Analytical data for the nonmagnetic fraction of drill hole 2

collected during the USGS-CRM detailed study of the

Agua Caliente area, E1 Correo quadrangle,

northern Sonora, MeXiCOeeeeseeseseeesoesscsssssccccosssssccnssaseedd
TARLE 5c. Analytical data for the nonmagnetic fraction of drill hole 3

collected during the USGS-CRM detailed study of the

Agua Caliente area, E1 Correo quadrangle,

northern Sonora, MeXiCOeeseeossesseossscossossscssssossssssssnsseedl
TABLE 6. Limits of determination for the spectrographic analysis

of rocks and stream sediments, based on a 10-mg sample..eeeess..100
TABLE 7. Chemical methods USed.seeeesesesssesessscsssssscsosssssssscsessslll



FIGURES

FIGURE 1. Index map showing the location of the Agua Caliente study
area, k1 Correo quadrangle, northern Sonora, MeXxicCOeeeceeeoooocceee?

FIGURE 2., Stream-sediment and heavy-mineral-concentrate sample
location map for the Agua Caliente study area, El1 Correo
quadrangle, northern Sonora, MeXiCOeeeeosoeosseoescossscessscsssessd

FIGURE 3, Soil sample and drill hole location map for the Agqua
Caliente study area, E1 Correo quadrangle,
northern Sonora’ MeXiCo.oooooooooooooooooooooooooo..oooooooooooooo4



STUDIES RELATED TO THE MEXICAN COOP PROGRAM

The analytical results presented in this report are part of a cooperative
project between the U.S. Geological Survey and the Consejo de Recursos
Minerales of Mexico. The project was established in 1973 using a
multidisciplinary (geology, geochemistry, and geophysics) approach in the
search for mineralized areas in the Sonoran environment, The project was
initially funded by the government of Mexico, the U.S. Geological Survey and
the U,S. National Science Foundation,



INTRODUCTION

In May 1980, we began a detailed geochemical sampling program of the Agua
Caliente area, E1 Correo quadrangle, nor;hern Sogora, Mexico. The Agqua
Caliente study area comprises about 7 mi“ (18 km“) in the north-central
portion of the E1 Correo quadrangle of northern Sonora, Mexico, and lies about
30 miles southwest of the town of Nogales, Arizona (figure 1). Access to the
Agua Caliente study area is provided by Mexican National Highway 15 for 12
miles south of Nogales, Arizona and 18 miles west-southwest on an improved
dirt road.

The study area comprises siliceous to intermediate volcanics on the ring
fracture and slightly outside of the ring fracture of a caldera. The rock
units are quartz latite overlain by rhyolites.

The topographic relijef in the study area is approximately 985 ft (300 m)
with a maximum elevation of 3800 ft (1160 m). The ground surface has poor
soil development with sparse vegetation consisting mainly of mesquite, cacti,
and catsclaw. Intermittent streams have deeply incised the area, leaving
small interstream uplands. The climate is arid.

METHODS OF STUDY
Sample Collection

We collected 233 stream sediment samples, 62 heavy mineral concentrate
samples (figure 2), 232 soil samples (figure 3), and 390 drill core samples
from three drill holes (figure 3). We analyzed 233 stream sediment samples,
62 panned concentrate samples, 232 soil samples, 390 drill core samples, and
307 heavy mineral concentrates from drill core samp]gs. The sample density
for the stream sediment samples is 33 samples per mi“, for the panned
concentrate samp]eg is 8.8 samples per mi“, and for the soil samples is 178
samples per .30 mi‘,

Stream sediment samples

Analyses of the stream-sediment samples represent the chemistry of the
rock material eroded from the drainage basin upstream from each sample site.
Such information is useful in identifying those basins which contain
concentrations of elements that may be related to mineral deposits.

The stream-sediment samples consisted of active alluvium collected from
first-order (unbranched) streams or along second-order or even third-order
streams when there were no tributaries for two to three hundred meters. Each
sample was composited from several localities within an area that may extend
as much as 15 feet from the site plotted on the map.

Heavy-mineral -concentrate samples

We panned heavy-mineral concentrate samples from the same active alluvium
as the stream-sediment samples. FEach bulk sample was passed through a 2.0 mm
(10-mesh) screen to remove the coarse material. The sediment passing through
the screen was panned until most of the quartz, feldspar, organic material and
clay-sized material was removed. The sample was air dried.
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Figure 1.--Index map showing the location of the Agua Caliente

study area, E1 Correo quadrangle, northern Sonora, Mexico
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Soil samples

We collected soil samples in the interstream flat areas and along
ridges. The soil sampling program allowed us to sample the area which was
found to be anomalous in some of the ore-forming elements revealed by the
stream sediment sampling program in greater detail. The soils were sieved
through a 30 mesh screen and the minus-30 meﬁh was saved for analysis. The
area covered by _the soil sampling was .55 km® with a sample density of one
sample per 50 m-.

Drill core samples

Three exploratory holes were drilled in the study area hy the Consejo de
Recursos Minerales of Mexico. A split of each composited meter of the drill
cores was analyzed. Drill hole no. 1 was drilled to a depth of 200 meters,
drill hole no. 2 was drilled to a depth of 53 meters, and drill hole no. 3 was
drilled to a depth of 140 meters. A sample from each meter of drill core was
not available.

Sample Preparation

The stream-sediment samples and the drill core samples required extensive
preparation.

We sieved the stream-sediment samples and the soil samples at the
collection site through a 30-mesh screen and the minus-30-mesh material was
retained. The samples were air dried.

After panning the sediment collected for heavy-mineral concentrate, we
used bromoform to separate and remove the remaining quartz and feldspar from
the concentrate. The heavy minerals (specific gravity 2.8) were separated
into three fractions using a large electromagnet (in this case a modified
Frantz Isodynamic Separator). The most magnetic material (largely magnetite)
was discarded. The second fraction (largely ferromagnesian silicates and iron
oxides) was saved for analysis/archival storage. The third fraction (the
least magnetic material including nonmagnetic ore minerals, zircon, sphene,
etc.) was divided into two splits using a Jones splitter. One split was hand
ground for spectrographic analysis; the other split was saved for
mineralogical analysis.

The magnetic separates discussed are the same separates that would be
produced by removing the magnetite with a hand magnet and then using a Frantz
Isodynamic Separator set at a slope of 15° and a tilt of 10° with a current of
0.1 ampere to remove the ilmenite, and a current of 1.0 ampere to split the
remainder of the sample into magnetic and nonmagnetic fractions.

The drill core samples were crushed and pulverized to approximately
minus-30 mesh., A split of the minus-30-mesh sample was pulverized to a fine
powder (approximately minus-150-mesh) which was retained for analysis. The
remainder of the drill core sample was treated in the manner as the heavy-
mineral concentrates with the exception being the drill core samples were not
panned.



Sample Analysis
Spectrographic method

We analyzed the stream-sediment, heavy-mineral concentrate, soil and
drill core samples for 30 elements using a semiquantitative, direct-current
arc emission spectrographic method (Grimes and Marranzino, 1968) (Tables
1-5). Spectrographic results were obtained by visual comparison of spectra
derived from the sample against spectra obtained from standards made from pure
oxides and carbonates. Standard concentrations are geometrically spaced over
any given order of magnitude of concentration as follows: 100, 50, 20, 10,
and so forth, Samples whose concentrations are estimated to fall between
those values are assigned values of 70, 30, 15, and so forth. The precision
of the analytical method is approximately plus or minus one reporting unit at
the 83 percent confidence level and plus or minus two reporting units at the
96 percent confidence level (Motooka and Grimes, 1976). Values determined for
the major elements (iron, magnesium, calcium, and titanium) are given in
?eight pircent; all others are given in parts per million (micrograms/gram)

Table 6).

Zirconium had values of greater than 5000 for the nonmagnetic fraction of
the stream sediment heavy-mineral concentrate samples and the nonmagnetic
fraction of the drill core samples. The elements arsenic, gold, cadmium, and
antimony were not detected in stream sediment samples in the spectrographic
analysis. Scandium and antimony were not detected in the nonmagnetic fraction
of the heavy mineral concentrate samples. Arsenic, gold, cadmium, and
antimony were not detected in the soil samples. Gold, antimony, and nickel
were not detected in the nonmagnetic heavy mineral fraction of the drill core
samples., Chromium was not detected in drill hole no. 2. Tungsten and niobium
were not detected in drill hole no. 3. Gold, beryllium, antimony, and
tungsten were not detected in any of the drill core samples. Arsenic,
bismuth, cadmium, and chromium were not detected in drill core. Arsenic,
cadmium, chromium, niobium, and scandium were not detected in drill hole
no. 2. The detection limit for beryllium in the nonmagnetic fraction of the
drill core samples is 20 ppm.
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TABLE 6.--Limits of determination for the spectrographic analysis of rocks and
stream sediments, based on a 10-mg sample

[The spectrographic Timits of determination for heavy-mineral-concentrate
samples are two reporting units higher than the limits given for rocks
and stream sediments]

Elements Lower determination limit Upper determination limit
Percent
Iron (Fe) 0.05 20
Magnesium (My) .02 10
Calcium (Ca) .05 20
Titanium (Ti) .002 1

Parts per million

Manganese (Mn) 10 5,000
Silver (Ag) 0.5 5,000
Arsenic (As) 200 10,000
Gold (Au) 10 500
Boron (B) 10 2,000
Barium (Ba) 20 5,000
Beryllium (Be) 1 1,000
Bismuth (Bi) 10 1,000
Cadmium (Cd) 20 500
Cobalt (Co) 5 2,000
Chromium (Cr) 10 5,000
Copper (Cu) 5 20,000
Lanthanum (La) 20 1,000
Molybdenum (Mo) 5 2,000
Niobium (Nb) 20 2,000
Nickel (Ni) 5 5,000
Lead (Pb) 10 20,000
Antimony (Sb) 100 10,000
Scandium (Sc) 5 100
Tin (Sn) 10 1,000
Strontium (Sr) 100 5,000
Vanadium (V) 10 10,000
Tungsten (W) 50 10,000
Yttrium (Y) 10 2,000
Zinc (Zn) 200 10,000
Zirconium (Zr) 10 1,000
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Chemical methods

Other methods of analysis used on the samples from the Agua Caliente area
are summarized in Table 7.

TABLE 7.--Chemical methods used

Sample Constituent Analytical Determination Reference
type determined method limit
micrograms/gram
or ppm
Sediments Arsenic (As) Colorimetric 1 Almond, 1953
Fluorine (F) Specific ion 100 Hopkins, 1977

! The determination limit is dependent upon sample weight. Given limits
imply use of sample weight required by method. Higher limits of
determination result from using less than required sample weight.
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