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INVESTIGATION OF RADIOACTIVITY IN THE YERINGTON COPPER MINE

LYON COUNTY,NEVADA

By A. O. Taylor and J. F. Powers

ABSTRACT

A reconnaissance radioactivity survey of the Anaconda Copper Mining Company open-pit

copper mine at Yerington, Nevada, was made in October 1953 to investigate the reported occurrence on one

of the mine dumps of rock containing 0.022 percent uranium. One zone of moderately high radioactivity

was found at the lowest level of the pit. A sample of the rock at this point contains 0.02 percent

equivalent uranium and 0.01 percent uranium. Elsewhere the radioactivity is less, and the average uranium

content of the deposit is estimated to be about 0.001 percent. No obvious correlation was noticed between

the distribution of copper and uranium.

Samples of the leach solution at the sulfuric acid leach plant at Yerington contain from 0.59 to 1.0

parts uranium per million, compared with 0.0055 parts per million in one sample of the mine water.

Calculations based on these analyses and on the average volume of leach solution used at the plant suggest

that about 3. 6 percent of the uranium present in the copper ore is extracted by the leaching process.

INTRODUCTION

Location of the area and purpose of the examination

The Yerington property of the Anaconda Copper Company is an open-pit copper mine situated two

miles west of Yerington, Lyon County, Nevada (fig. 1). The property is easily accessible from U. S.

Highway 95.

A reconnaissance radioactivity survey of the Yerington copper mine was undertaken by the U. S.

Geological Survey on behalf of the Division of Raw Materials of the U. S. Atomic Energy Commission in

order to check the occurrence of uranium reported by previous investigators, and to determine the amount of

uranium dissolved in the acid leaching process used to treat oxide and sulfide copper ores from the Yerington

mine.
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Previous work

The first reconnaissance examination for uranium at the Yerington mine was made by King and

Roberts (1949) of the Geological Survey. They reported an average content of about 0.002 percent U 3 08 for

the dumps and surrounding outcrops of copper-bearing quartz monzonite porphyry. Analysis of eight samples

collected by them ranged from 0.001 to 0,.006 percent U 308. King and Roberts concluded that the Yerington

mine was not a potential source of uranium and warranted no further investigation.

In 1951, A. R. Kinkel of the Geological Survey reported the presence of 0.022 percent uranium in a

sample collected from one of the dumps. The first thought was that the difference might be due to analytical

error, but a re-analysis of samples verified the original results in each case.

The general geology of the Yerington district has been described by Knopf (1918).

Method of examination

Information about the general intensity and local concentrations of gamma-ray radiation was obtained

by using a portable scintillation counter to record radioactivity at about 125 stations in the open pit and on

the old mine dumps. The sludges from 4 diamond drill holes were also examined with the portable counter,

and 12 samples from the holes were taken for chemical determination of uranium. The holes examined are

about equally spaced in a line about 2, 500 feet long that extends across the central part of the copper ore

body. Four water samples were collected, including a sample of the natural mine water, and 3 samples of

the copper leach solutions used in the sulfuric acid leach plant, to determine the amount of uranium taken

into solution by the leaching process and the total amount of uranium that is available for recovery during

the various stages in the treatment cycle.

GEOLOGY AND THE DESCRIPTION OF ORE DEPOSIT

General features

The geology and ore deposits of the Yerington mining district have been described by Knopf who

states (1918, p. 19-20, 43):

"The Triassic rocks after being folded were invaded by a succession of igneous rocks, which, named
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in the order of their intrusion, are basic granodiorite, quartz monzonite, aplite and quartz monzonite

porphyry. These post-Triassic intrusives are presumably of early Cretaceous age, like those of the

Sierra Nevada, not many miles to the west.... It is certain, however, that the quartz monzonite

porphyry, the last member of the intrusive sequence, was injected after metamorphism was effected..

Faulting then took place, displacing many of the dikes (quartz monzonite porphyry), and the

metalliferous solutions rose along the faults and formed the ore deposits."

On the description of the ore deposits in the Empire-Nevada mine Knopf (1918, p. 65) writes:

"The porphyry has been irregularly fractured and silicified, and the silicification was apparently

accompanied in places by the development of secondary biotite. Bunches of ore occur in the

fractured porphyry and consist largely of cuprite, which is in places altered to malachite and other

oxidized compounds."

Recent diamond drilling by Anaconda Copper Mining Company revealed that the oxidized part of the

ore body ranges from 240 to 350 feet in thickness. Within the oxidized zone localization of the oxidized

copper is probably related to the position of the water table and to the distibution of fractures in the host rock.

Where fresh, the quartz monzonite porphyry is a pinkish-gray medium-grained rock composed of

orthoclase, plagioclase, hornblendie, and quartz (with accessory zircon and xenotime?). The porphyry is

little altered at most places, but locally large volumes of rock have been almost completely altered to

sericite and chlorite so that recognition of the original textures and minerals is difficult or impossible.

The ore body is about 4, 500 feet long by about 1, 600 wide. Probably less than five percent of the

ore has been removed. The remaining ore reserves total about 50 million tons having an average grade of 1

percent copper. Approximately 70 percent of the reserves consist of copper oxide ore, and the remainder is

copper sulfide ore ( Anonymous, 1953).

RESULTS OF THE INVESTIGATION

Radioactivity in the open pit at the Yeringtpn mine, as recorded at about 125 stations, is shown on a

map of the workings (fig. 2). For the most part, the observed radioactivity at various places in the mine is

near the background radioactivity of the area as a whole, which is 0.015 milliroentgens per hour (mr/hr),
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One zone of abnormally high radioactivity 2 to 3 times the background was observed on the 4, 350-foot level

of the pit in an area of a few:.inches to a few feet wide and about 20 feet long. The area of high radioactivity

occurs in quartz monzonite porphyry near and parallel to an andesite (?) dike. A sample of the rock taken

where scintillation counter readings were highest contains 0.02 percent equivalent uranium and 0.01

percent uranium. The copper ore in this area appears to be better than average grade. No uranium minerals

were visible.

Sludge samples from 4 diamond drill holes that penetrated the deposit were analyzed for uranium

and copper and the results are shown by table 1. Five samples are from the copper oxide zone, 4 from

the copper sulfide zone, and 3 from the waste zone. The copper content of the samples varies from 0..10

percent to 1.50 percent; the uranium content of all samples is 0.001 percent or less. These analyses suggest

that the average grade of the deposit is on the order of 0.001 percent uranium. The usual presence of

uranium in small amounts in the accessory minerals zircon and xenotime may account for all of the uranium

at the Yerington mine. No obvious relation between the relative concentrations of copper and uranium was

noticed.

Uranium analyses of one sample of mine water and 3 samples of the leaching solutions at the Anaconda

Copper Mining Company leach plant are shown by table 2. The mine water contains 0.0055 parts per

million of uranium which is about the same as found in water from the Great Salt Lake (Stewart and Bentley,

1953, p. 14). In comparison, the uranium content of the charged copper solution from the sulfuric acid

leach plant is 1 part per million, and the uranium content of the reject solution in two samples varies from

0.59 to 0. 67 parts per million.

Anaconda Copper Mining Company uses 216, 000, 000 pounds of acid solution in a typical month's

operation to treat 600, 000, 000 tons of ore ('Ramsey, 1954 ), Analysis of a sample of

the charged solution. indicates a content of 1 ppm or 216 pounds of uranium. Assuming that the 600, 000, 000

pounds of ore contains an average of 0.001 percent uranium then the copper ore contains 6, 000 pounds of

uranium. Thus only 3.6 percent of the total uranium in the copper ore body is taken into solution in the

operation.

OFFICIAL USE ONLY



OFFICIAL USE ONLY

9

Table 1. -- Analysis of samples from the Yerington open-pit
copper mine, Lyon County, Nevada 1/

Equivalent
uranium Uranium Copper

Sample no. Lab, no. Description (percent) (percent, (percent)

53T-214 124515 DDH 31, sludge composite from 0.002 0.001 0.66
interval 0'-51. 5', oxide copper
ore zone.

53T-215 124516 DDH 31, sludge composite from .003 4.001 .10
interval 51.5'-140', oxide copper
waste zone

53T-216 124517 DDH 31, sludge composite from .002 .001 .90
interval 140'-305', oxide copper
ore zone.

53T-217 124518 DDH 31, sludge composite from .002 .001 1.50
interval 305'-495', sulfide
copper ore zone.

53T-218 124519 DDH 36, sludge composite from .002 .001 .62
interval 12'-240', oxide copper
ore zone.

53T-219 124520 DDH 36, sludge composite from .002 -. 001 .96
interval 240'-565', sulfide
copper ore zone.

53T-220 124521 DDH 36, sludge composite from .001 (.001 .54
intervals 565'-676' low-grade
sulfide copper ore zone.

53T-221 12452 DDH 77, sludge composite from .003 .001 .46
interval 662'-894', low-grade
sulfide copper ore zone.

53T-222 124523 DDH 21, sludge composite from .002 .001 .66
interval 4-60', oxide copper
ore zone.

53T-223 12452 DDH 21, sludge composite from .002 (.001 .30

interval 60'-205', oxide copper
waste zone.

53T-224 124525 DDH 21, sludge composite from .002 .001 .66

interval 205'-343', oxide copper
ore zone.

53T-225 124526 DDH 21, sludge composite from .001 .001 .56
interval 343' -375', sulfide copper
waste. zone.

1/ Analyses by M. Delevaux, A. Smith, and B. A. McCall, U. S. Geol. Survey, Washington, D. C.
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Table 2. -- Analyses of liquid samples from the Yerington
open-pit copper mine, Lyon County. Nevada 1_/

Uranium Uranium
Sample no. Lab, no. Description ppm 2/ (percent)

53T-210 124527 Stagnant clear water from 0.0055 5.5x10
Yerington No, 1 shaft

53T-211 124528 Green reject so ition from .59 5.9x10 -5
iron launders, leach plant

53T-212 124529 Green reject solution from .67 6. 7x10-5

iron launders, leach plant

53T-213 124530 Charged copper solution from 1.0 1.0x10 4

sulfuric acid leach plant.

1/ Analyses by A. Caemmever, U. S. Geological Survey laboratories, Washington, D. C.

2/ Parts per million

The deposit is reported to contain reserves of 35, 000, 000 tons of copper oxide ore ( Anonymous,

1953, N 118)and anadditianal 15, 000, 000 tos of copper sulfide ore, a total of 50, 000, 000 tons.

Assuming that the average content of uranium in the ore body is 0.001 percent as determined from the

sludge samples, then 500 tons of uranium are present in the copper deposit of 50, 000.000 tons,. In the present

leach process 3. 6 percent of the uranium is taken intosolution.. therefore 18 tons would be obtained

if all uranium taken into solution by the present leaching process could be recovered,

CO N C LUSI ONS

Because of the low grade and small tonnage of uranium, the property cannot be considered an

important source of uranium under present economic conditions.
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