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INTRODUCTION

In 1971, 1974, and 1978, the U.S. Geological Survey conducted a geochemical soil
survey of the Tamama-Helecho copper district Municipios of Utuado and Adjuntas,
Puerto Rico.

The Tamama-Helecho district, occupies about 12 kmZin the southwest corner of
the Municipio of Utuado and the northwest corner of the Municipio of Adjuntas, Puerto
Rico, and lies about 4km south of the pueblo of Angeles. Access to the study area is
provided from the north by Route PR-602.

The geology of the Bayaney and Monte Guilarte quadrangles, in which the
Tamamé-H%lecho district lies, was mapped by Nelson and Tobisch (1968) and by
Krushensky and Curet (1985), respectively. The geology of the Tanama-Helecho district
was described and ma&ped in detail b CX)x (1985).

The principal lithologic units of the area are Cretaceous and Lower Tertiary lavas
and tuffs, but significant units of Upper Cretaceous and Eocene intrusive rocks are also
present. The Utuado batholith, a Late Cretaceous granodiorite body, is the major
intrusive unit of the area, but the copper deposits occur in small, quartz diorite
porphyry stocks of Eocene age that intrude the batholith along its southwestern margin
as well as the adjacent volcanic rocks.

The Tamama-Helecho district is located in west-central Puerto Rico on the
northern slope of the Cordillera Central. Topographically, the area is characterized b

ently sloping uplands which are deeply dissected by Rio Camuy and Rio Tanam4, the
atter being a tributary of the Rio Grande de Arecibo. Elevations in the area range from
400 to 600 m above sea level. Average annual rainfall in the area exceeds 200 cm. The
vegetation present is that of coffee, banana, and citrus farms, as well as pasture.

METHODS OF STUDY
Sample Media

Soil was the medium chosen to geochemically characterize the deposits and
environs of the Tamama-Helecho district, inasmuch as rock in the region is commonl
covered by tens of meters of soil-saprolite overburden. The results of our study clearly
reflect the mineralization known from drill core information, indicating that the soils of
the area are essentially residual rather than transported.

Sample Collection

Soil samples were collected at 50-meter intervals along ridlge-and-spur traverses
crossing an area of approximately 12 km2. Most of the 547 samples collected represent
the B-horizon of the solum, although analysis of variance applied to samples from 30
soil profiles indicates that choice o%soil horizon is not critical, and that chemical
differentiation in these immature soils was minimal. Sampling of the B-horizon simply
avoids the troublesome organic content of the A-horizon as well as excessive augering
or shovelling to reach the C-horizon.



Figure 1. Localities of soil samples from the Tamama-Helecho district Municipios of
Utuado and Adjuntas, Puerto Rico. The grid is the Puerto Rican map grid
system, ticks are 1000 m apart.



Sample Preparation

The soil samples were oven-dried at approximately 105°C, then sieved using a
0.25 mm stainless steel sieve. the minus 0.25 mm fraction was retained for analysis,
although a pilot study of 6 grain-size fractions indicate that choice of fraction was not
critical for most elements of interest, with the possible exception of gold.

Sample Analysis
Spectrographic method

The soil samples were analyzed for 31 elements using a semiquantitative, direct-
current arc emission s ectro%raphic method (Grimes and Marranzino, 1968). The
elements analyzed and their lower limits of determination are listed in table 1.
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. Sampﬂs 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
interval at the 83 percent confidence level and plus or minus two reporting intervals at
the 96 percent confidence level (Motooka and Grimes, 1976). Values determined for the
major elements (iron, magnesium, calcium, and titanium) are given in weight fpercent;
all others are given in parts per million (micrograms/gram). Analytical data for
samples from the Tamama-Helecho district are listed in table 3.

Chemical methods

Other methods of analysis used on samples from the Tamama-Helecho are
summarized in table 2.
Analytical results for soil samples are listed in table 3.

GEOCHEMICAL DATA STORAGE SYSTEM

Upon completion of all analytical work, the results were entered into a
geochemical data base. This data base contains both descriptive geological information
and analytical data. Any or all of this information may be retrieved and converted to a
binary form (STATPAC;,for computerized statistical analysis or publication (VanTrump
and Miesch, 1977).



DESCRIPTION OF DATA TABLES

Table 3 lists the results of anatlﬁzses for the soil samples. The data in table 3 are
arranged so that column 1 contains the USGS-assigned sample numbers. These
numbers correspond to the numbers shown on the site location ma&s (plate 1).
Columns in which the element headings show the letter "S" before the element symbol
are emission spectrographic analyses; "A A" indicates atomic absorption analyses. A
letter "N" in the tables indicates that a given element was looked for but not detected at
the lower limit of determination shown for that element in tables 1and 2. If an element
was observed but was below the lowest reportin, value, a "less than" symbol (<) was
entered in the tables in front of the lower limit ofg determination. If an element was
observed but was above the highest reporting value, a "greater than" symbol (>) was
entered in the tables in front of the upper limit of determination. Because of the
formatting used in the computer program that produced table 3, some of the elements
listed in tﬁese tables carry one or more nonsignificant digits to the right of the
significant digits. The analysts did not determine these elements to the accurac
suggested bﬁlthe extra zeros. The columns for elements not detected by the emission
spectrographic method have been deleted from table 3.
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TABLE 1.-- Limits of determination for the spectrographic analysis of soils based on a

10-mg sample.
‘Elements Lower determination limit Upper determination limit
Percent
Calcium (Ca) .05 20
Iron (Fe) 0.05 20
N(I)aagnesium (Mg) .02 10
Sodium (Na) 0.2 5
Phosphorus (P) 0.2 10
Titanium (Ti) .002 1
Parts per million
Silver (Ai) 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) 10 2,000
Chromium (Cr) 10 5,000
Cgﬁper (Cu) 5 20,000
Gallium (Ga) 5 500
Germanium (Ge) 10 100
Lanthanum (La) 50 1,000
Manganese (Mn) 10 5,000
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
Thorium (Th) 100 2,000
Vanadium (V) 10 10,000
Tungsten (W) 20 10,000
Yttrium (Y) 10 2,000
Zinc (Zn) 200 10,000
Zirconium (Zr) 10 1,000




TABLE 2. Chemical methods
[AA = atomic absorption]

Element or Determination limit

constituent Method (micrograms/ Reference

determined gram or ppm)

Gold (Au) AA 0.05 Thompson
and others,
1968.

CopJaer (Cu) AA 5 Ward, and

Lead (Pb) AA 5 others, 1969.

Zinc (Zn) AA 5




Table 3. Results of chemical analysis for the Tamama-Helecho soil samples.
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