
GOLD DISTRIBUTION AND SAMPLING OF
THE DESERT ALLUVIAL FAN PLACER AT

COPPER CANYON, LANDER COUNTY, NEVADA.

Item Type text; Thesis-Reproduction (electronic); maps

Authors Deakin, Frank Apland.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 19/05/2023 15:50:19

Link to Item http://hdl.handle.net/10150/274595

http://hdl.handle.net/10150/274595


INFORMATION TO USERS 

This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted. 

The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 

1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity. 

2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of "sectioning" the material has been followed. It is 
customary to begin filming at the upper left hand corner of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again—beginning below the first row and continuing on 
until complete. 

4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department. 

5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed. 

University 
Microfilms 

International 
300 N. Zeeb Road 
Ann Arbor. Ml 48106 





1319244 

DEAKIN, FRANK APLAND 

GOLD DISTRIBUTION AND SAMPLING OF THE DESERT ALLUVIAL FAN PLACER 
AT COPPER CANYON, LANDER COUNTY, NEVADA. 

THE UNIVERSITY OF ARIZONA, M.S., 1982 

University 
Microfilms 

International 300 N. Zeeb Road, Ann Arbor, MI 48106 





GOLD DISTRIBUTION AND SAMPLING OF THE DESERT 

ALLUVIAL FAN PLACER AT COPPER CANYON, 

LANDER COUNTY, NEVADA 

by 

Frank Apland Deakin 

A Thesis Submitted to the Faculty of the 

DEPARTMENT OF MINING AND GEOLOGICAL ENGINEERING 

In Partial Fulfillment of the Requirements 
For the Degree of 

MASTER OF SCIENCE 
WITH A MAJOR IN GEOLOGICAL ENGINEERING 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9  8  2  



STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfillment of require
ments for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library. 

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgment of source is made. 
Requests for permission for extended quotations from or reproduction of 
this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate School when in his judg
ment the proposed use of the material is in the interests of scholarship. 
In all other instances, however, permission must bfe obtained from the 
author. 

SIGNE 

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below: 

W. C. Peters 
Professor of Mining and 
Geological Engineering 

^—&tq 



ACKNOWLEDGMENTS 

I wish to thank Duval Corporation for allowing me to use com

pany data for this thesis and for the financial assistance provided to do 

so through my employment with the company. Extensive help was pro

vided by the staff of the Duval Battle Mountain Properties. Especially 

helpful were R. A. Sumin, resident manager, and E. J. Leshikar, mine 

engineer, for their strong interest, support, and constructive criticism 

during the data-gathering portion of this study. Appreciation is also 

expressed to K. Wilkie, mill maintenance superintendent, for logistical 

support, to J. Simmons, chief chemist, and J. Jackson, assayer, for 

considerable analytical work, and to others at the property too num

erous to name. Dr. J. I. Sharpe, general manager, exploration, and 

R. A. Metz, manager of evaluations, Duval Corporation, deserve special 

thanks for their direction and patience throughout the completion of the 

study and their approval to utilize the information in this thesis. 

The guidance, instruction, and help provided by my thesis 

director, Dr. W. C. Peters, throughout my stay at the University and 

during the completion of this study is sincerely appreciated. I wish to 

thank Drs. Y. C. Kim and C. E. Glass, committee members, for their 

help and important input. I am also grateful for the knowledge gained 

through course work at The University of Arizona and the financial aid 

provided through graduate assistantships by the University was very 

important in helping me complete my studies. 

iii 



iv 

I also wish to thank K. M. Montgomery for her helpful editing 

of the preliminary drafts of this thesis, H. Hopmeier for typing the 

rough drafts, T. L. May hall for drafting and map preparation, and H. 

R. Hauck for completing the final edited thesis. 

And most of all I acknowledge and thank my mother, E. A. 

Deakin, for her support and help, particularly during the early part of 

my career. 



TABLE OF CONTENTS 

Page 

LIST OF ILLUSTRATIONS vi 

LIST OF TABLES vii 

ABSTRACT viii 

INTRODUCTION 1 

Location and Regional Setting 1 
History 1 

Production History of the District 1 
History of Placer Mining 4 

Previous Studies 5 
Purpose of the Study 6 

GEOLOGY OF ALLUVIAL FANS 7 

Desert Alluvial Fans 7 
Geomorphology 7 
Physical Factor Affecting Alluvial Fan Deposition ..... 8 
Sediment Transport and Deposition 10 

GEOLOGY OF THE COPPER CANYON PLACER 12 

Source of the Gold 12 
Geology and Formation of the Deposit 12 

Nature of the Gravels 15 
Distribution of Gold 17 

SAMPLING AT THE COPPER CANYON PLACER 19 

Drill Sampling Program at Copper Canyon 20 
Drilling 21 
Drill Samples 27 
Sample Processing 28 
Amalgamation 31 
Calculations 33 

COMPARISON OF DRILLING RESULTS 36 

CONCLUSIONS 41 

REFERENCES 43 

v 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Location of Copper Canyon mining district in 
north-central Nevada 2 

2. Plan map of the Copper Canyon placer in pocket 

3. Major features of an alluvial fan 9 

4. Location of Copper Canyon mines and placer area 13 

5. Isometric diagram of the Copper Canyon fan showing 
the distribution of gold in pocket 

6. Copper Canyon placer cross section G-Gf in pocket 

7. Copper Canyon placer cross section K-KT in pocket 

8. Flow sheet of sampling procedure used at 
Copper Canyon 22 

vi 



LIST OF TABLES 

Table Page 

1. Size distribution of gravels, location K-ll, 
0-80 feet 16 

2. Gold size distribution, location K-12, 
0-20 feet 18 

3. Drill-indicated gold content for Copper Canyon 
and Box Canyon placer 36 

4. Optimized gold content for the Copper Canyon 
and Box Canyon placer 37 

5. Comparison of volume and average gold grade 
obtained from Duval and Natomas drilling 39 

vii 



ABSTRACT 

The placer gold deposit at the mouth of Copper Canyon, Lander 

County, Nevada, is a desert alluvial fan containing fine detrital gold 

particles. The gold was derived from weathering of gold and gold-

bearing base-metal deposits in the Copper Canyon watershed and locally 

occurs in individual channelways and lenses in the fan formed by sheet 

flood and cut-and-fill channel deposits. This study deals primarily with 

the preliminary evaluation of the unmined lower grade midfan and base 

portions of the fan and included assessment of churn drill results 

previously obtained by the Natomas Company and the described reverse 

circulation drilling. Procedures included gravity separation of gold 

from all material obtained from each drill-hole interval and amalgamation 

of concentrate to obtain a recoverable gold content value. The results 

between the two drilling methods are comparable overall, but on a 

hole-by-hole basis the results show considerable location variation 

because of irregularities in gold distribution throughout the fan. 

viii 



INTRODUCTION 

Location and Regional Setting 

The study area is in the Copper Canyon mining district in 

Lander County, Nevada, about 22 miles southwest of the town of Battle 

Mountain (fig. 1). The alluvial fan placer deposit described in this 

thesis is also known as the Natomas placer. It is located below the 

mouth of Copper Canyon. 

The property is located on the flanks of the southern end of 

the Battle Mountain Range at an approximate elevation of 5,200 feet. 

The alluvial fan, which forms a gentle swell at the mouth of Copper 

Canyon, gradually widens and flattens out toward the valley floor. The 

topography above the fan is moderate to rugged, ranging in elevation 

from approximately 5,000 to 7,000 feet. In this semiarid environment 

the vegetation consists primarily of sagebrush and small grasses in the 

valley to sparse bushes in the mountains with a few trees where water 

is available at higher elevations. Temperatures range from near 100°F 

in summer to below 0°F in winter. Annual precipitation is about 10 

inches. 

History 

Production History of the District 

Major production in the Copper Canyon mining district began 

around 1897 with mining of high-grade ore by the Glasgow and Western 

Exploration Co. The Copper Canyon Mining Company began 

1 
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Figure 1. Location of Copper Canyon mining district in north 
central Nevada. — After Roberts and Arnold (1965, p. B2). 



development of deposits along the Virgin fault in Copper Canyon during 

World War I. Low copper prices following the war suppressed further 

development and allowed only intermittent production until 1941. In 

1941 the International Smelting and Refining Company acquired proper

ties in the area and built a 350-ton per day mill in Copper Canyon to 

process ore from the Virgin vein. The property reverted back to the 

Copper Canyon Mining Company after World War II. Production con

tinued until the mine went into receivership in 1959, after which the 

property was purchased by American Smelting and Refining Company, 

who carried on limited exploration for additional deposits until Duval 

Corporation became interested in the area and acquired the property in 

1961. 

Duval Corporation carried out an extensive exploration program 

both in Copper Canyon and in Copper Basin 10 miles away. Two major 

orebodies were discovered and subsequently developed at a cost of $22 

million. Leach dumps and precipitation plants to handle oxidized ore 

were construction at both Copper Canyon and Copper Basin. A 4,000-

tpd sulfide flotation mill was put into operation in 1967 at Copper 

Canyon. 

Significant gold mineralization was known in the area from pre

vious copper exploration and development drilling. In the mid-1970s, 

because of high gold prices and dwindling copper reserves, a major 

gold exploration and development drilling program was undertaken 

south-east of the Copper Canyon mine. Two major gold orebodies were 

outlined in the area of the Tomboy mine. A decision was made to 

develop these gold deposits by using the existing milling facilities and 



constructing a new carbon-in-pulp gold cyanide plant. The plant was 

completed in 1978 and is presently in operation. 

The high gold price also focused some attention to the Copper 

Canyon placer area. The potential of the deposit was considered 

during this period of time and eventually led to this study. 

History of Placer Mining 

The placers of the Copper Canyon area have been mined since 

the turn of the century. Early mining consisted of high grading rich 

paystreaks in and near the mouth of the canyon by small-scale surface 

and underground methods. Significant large-scale work began in 1939 

when J. O. Greenan acquired the property and began a systematic 

churn drilling program. 

The Natomas Company acquired the property in 1941. After 

initial sampling, the company set up a floating processing plant and 

began dragline mining in 1946. In 1949 a 9,000 yd3/day bucketline 

dredge was put into service, and this operated until 1955. When the 

operation was shut down in 1955, the price of gold was $35 per troy 

ounce. Prior to the work of the Natomas Company, total production 

from the placers in the Copper Canyon was about 35,000 ounces 

(Roberts, 1965), and Natomas is believed to have produced an addi

tional 107,000 oz from their operations between 1947 and 1955. Some 

small-scale mining may have been done since the Natomas Company 

ceased operations, but no major work has been done since Duval ac

quired the property in 1965. 
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The Copper Canyon placer was considered a potential future 

reserve of gold, but at a gold price of $35/oz, the low grade of the 

deposit prevented any real economic interest. The increased price of 

gold and the information then available on the Natomas sampling indi

cated that an evaluation was warranted. 

Early in 1980 Duval Corporation decided to begin a confirmation 

sampling program to verify the Natomas Company data and to determine 

if higher grade material was present in unsampled areas. 

Previous Studies 

The Natomas Company carried out a major sampling program 

while they were in operation at Copper Canyon. Work included some 

pit sampling, churn drilling, sinking of shafts over drill holes, and 

channel sampling down existing shafts. The most important sampling, 

which provided the most data, was from the churn drilling program. 

Gold values from the limited data from this program and available 

information were converted to grams per cubic yard gold (g/yd3 Au) 

and plotted on the plan map (fig. 2, in pocket). 

From what is known about the Natomas sampling, it was done in 

a conventional placer churn drilling program. The procedure involved 

cable tool drilling, bailing out the hole when desirable, panning the 

material on site, and counting colors to estimate gold content. A 

review of the few drill logs obtained on the Box Canyon area indicates 

that the hole diameter was approximately 7 inches. This method of 

sampling placers is the standard approach accepted worldwide but is 
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slow and expensive, and experienced placer churn drillers and panners 

are virtually impossible to find. 

The reduction of the available Natomas data to an estimated 

overall grade and yardage was done. This estimate included all of the 

placer material within a boundary above the cutoff defined by the total 

value and depth of the Natomas holes. It did not single out high- and 

low-grade areas within the deposit. The review of the reduced data 

indicated that the deposit was of sufficient interest to carry out a 

verification sampling program. 

Purpose of Study 

The primary purpose of this study was to describe the prelimi

nary procedures used in the evaluation of the Copper Canyon alluvial 

fan, to describe the major characteristics of this type of deposit, and 

to provide a general guide for sampling similar deposits. The sampling 

and evaluation methods used in the study were selected or developed 

considering other established placer sampling practices. Some of the 

other methods considered by which to sample placer deposits are dis

cussed in the section on the drill sampling program at Copper Canyon. 

Although various approaches to evaluating this type of deposit 

may be taken, the writer believes that a direct and practical approach 

to placer sampling as presented here is necessary. The basic guide

lines and procedures described in this thesis will help minimize errors 

and reduce the uncertainties common to placer sampling programs. 



GEOLOGY OF ALLUVIAL FANS 

An alluvial fan is the terrestrial counterpart of a delta and is 

composed of detrital sediment. Alluvial fans occur in many parts of the 

world and are formed under a wide variety of climatic conditions. The 

desert type is by far the most common and is typical of arid and semi-

arid environments along the edge of faulted mountain ranges, notably in 

the southwestern United States. In Canada, pariglacial fans form where 

a glacier has receded from a valley and left a hanging tributary valley 

(Rust, 1979). Fans range in size from small to regional. An example 

of an extremely large fan is represented in the Van Horn Sandstone of 

West Texas, which covers hundreds of square miles and is hundred of 

feet thick (McGowan, 1971). Typical fans contain coarse fragments in 

the upper parts, grading to smaller sizes downslope. Sorting in indi

vidual channels is usually poor. 

Desert Alluvial Fans 

Geomorphology 

The typical occurrence for a desert alluvial fan is at the mouth 

of a steep-walled canyon. Fans are commonly deposited above a broad 

valley where the canyon walls no longer confine the flow of water 

runoff. The Basin and Range province of southwestern United States 

provides an excellent environment for depositon due to high relief, 

intermittent precipitation, and range-front tectonism. 

7 
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The predominant size of these fans ranges from a few acres to 

a few square miles. The thickness may be a few hundred feet. The 

classic shape is as the name implies when viewed from above or on a 

topographic map, but the symmetry may be lost and the shape may vary 

depending on the topography and drainage pattern. It is generally 

accepted that the shape of an alluvial fan resembles a segment of a cone 

with the apex at the drainage source and the slope dipping basinward. 

The major parts of an alluvial fan are shown in figure 3. Along the 

axis from the fanhead to the base the profile is slightly concave. In 

section, it is convex. Maximum slope angles near the apex may be near 

10 degrees on small fans but rarely exceed 5 degrees on large fans 

(Blissinbach, 1954). 

Physical Factors Affecting 
Alluvial Fan Deposition 

Major factors that affect the formation of an alluvial fan are 

relief, topography, precipitation, climate, vegetation, composition of 

source rock, and tectonic activity. The magnitude and rate of change 

of these factors determine the size and configuration of the deposit. 

Relief and topography are controlled by tectonic activity and 

provide the watershed and drainage gradient necessary for erosion of 

the material needed to construct the fan. Range-front faulting creates 

a suitable area for deposition (fig. 3). Precipitation, climate, vegeta

tion, and composition of the source rock determine the rate of erosion 

from the source area and the rate of deposition. 

Changes in any of these factors affect the stability of the fan 

and determine whether it is in a state of building, stability, or 
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degradation. Bull (1977) stated that it is unlikely that fans ever attain 

a steady state because a fan is the end point of an erosional deposi-

tional system. 

Sediment Transport and Deposition 

Deposition of desert alluvial fans occurs during intermittent and 

sometimes torrential rainstorms or melt runoff in areas where there is 

snowfall. There are three basic types of water-induced deposition on 

alluvial fans: cut-and-fill channel deposits, sheet flood deposits, and 

sieve deposits. Only the first two types are common. The sieve 

deposit, not. seen on most fans, is formed when surficial material is so 

coarse and permeable that most discharge infiltrates the fan before 

reaching the toe (Bull, 1977). 

Debris or mud-flow deposits are also common forms of fans. 

They occur when the sediment is low in water content and moves as a 

viscous mass. Debris-flow deposits are usually poorly sorted and con

tain large rock fragments. 

The most common type of deposit probably are cut-and-fill 

channel deposits, which are formed by networks of braided streams 

crisscrossing back and forth across the fan. Sediment-laden water 

eventually fills old channels, forcing the creation of new channels. The 

next rain continues the cycle. Deposits may be poorly to well sorted. 

Sheet flood deposits are similar to debris flow deposits but are 

not as dense. The runoff emerges from the channel as a slurry that 

spreads out and flows down the surface of the fan. Sheet flood 

deposits tend to occur where channels become filled with detritus or at 
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the end of channels downfan from the mouth of the canyon. They are 

usually poorly sorted and are coarse near the apex becoming progres

sively finer downfan. 



GEOLOGY OF THE COPPER CANYON PLACER 

Source of the Gold 

The source of the gold found in Copper Canyon and in the 

Copper Canyon fan is readily apparent. Widespread gold mineralization 

in hardrock deposits occurs throughout much of the Copper Canyon 

watershed. Remnants of major sources of gold include the deposits of 

the Copper Canyon mine, the Tomboy mine, and the Copper Canyon 

underground mine (fig. 4). The geology of this area is well described 

by Roberts and Arnold (1965) in Ore Deposits of the Antler Peak 

Quadrangle, Nevada. Native gold is known to occur in these deposits, 

and it is recorded from a number of smaller mines in the area. During 

copper mining at the Copper Canyon pit, nuggets, some to an inch or 

so in size, were often found in pump sumps and other traps in the mill. 

A jig plant presently separates free gold from ore from the Tomboy 

mine and Northeast Extension (northeast of the Copper Canyon pit) 

prior to cyanidation. 

The higher grade gold mineralization appears to be peripheral 

to the copper deposits. This being the case, substantial gold may have 

been eroded from above them. Tributary drainages that lead to Copper 

Canyon below all these deposits contain placer gold. 

Geology and Formation of the Deposit 

The gold placer at the mouth of Copper Canyon is in an alluvial 

fan. The building of a placer deposit first of all requires the 

12 
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weathering and erosion of gold-bearing rocks, and the mode of forma

tion of this type of deposit is responsible for the large areal extent and 

the general uniformity of low-grade gold distribution throughout. The 

fan building process develops through uplift, erosion, and periodic 

high-intensity rainfall. The important factor in fan development is a 

rapid drop in the gradient of the associated drainage and the load-

carrying capacity of the runoff whether the stream is intermittent or 

perennial. In a desert environment, as at Copper Canyon, periodic and 

sometimes intense downpours rage down the steep canyons carrying 

large amounts of material, which has been broken up by physical, 

chemical, or biological processes. The high-energy runoff leaves the 

mouth of the canyon where the gradient decreases drastically and the 

valley walls no longer confine the flow. It begins to spread and slows 

rapidly, causing the transported material to be dropped out. 

The runoff continues down the fan, cutting new channels and 

filling old ones in a braided drainage pattern, which is worked back 

and forth across the fan. Sheet floods may occur at the end of the 

channels or where they fill, spreading sediment over the surface. This 

intermittent violent stream action breaks up the gold-bearing rocks, 

causes deposition on the fan to exceed erosion, and allows the fan to 

build. Gold falls behind the less dense material and is concentrated by 

settling out in decreasing amounts down fan. If gold-bearing rock is 

being eroded as the fan is being built, low-grade gold is found 

throughout much of the vertical section, and higher grade gold is con

centrated in small channelways and lenses. Desert alluvial fan placers 

concentrate more by the removal of large volumes of less dense alluvial 
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material leaving behind the slower moving, more dense gold than by the 

winnowing effect of stream action. This is in contrast to stream de

posits, which move and work the gold until it concentrates in a lower 

energy environment, possibly miles from the source. 

Nature of the Gravels 

Little information concerning the size distribution of the gravels 

is gained from drilling, and because drilling the larger rock fragments 

generates a large amount of rock flour, the samples are individually 

high in clay-size material. Larger boulders, however, are easily noted 

when they are being drilled. The size distribution of in-place material 

indicates that the material ranges in size from a few boulders 3 to 4 

feet in diameter to fine clay. The bulk of the material, however, is 

probably in the size range of from half an inch to a foot or so in diam

eter. The size distribution of the gravels is probably similar through

out the deposit with possibly a minor average decrease in overall size 

away from the canyon mouth down to the end of the sampled area. Be

low the sampled area to the valley floor, there appears to be a more 

pronounced decrease in particle size. This type of placer deposit 

generally has very crude sorting and for the most part material of all 

sizes moves together in the sheet flooding cut and fill runoff. 

The size distribution of the gravels down to a depth of 80 feet 

at the mid-fan location of drill hole K-11 was determined in the course 

of a subsequent bulk sampling program. The distribution for the sizes 

screened is shown in table 1. 



Table 1. Size distribution of gravels, location K-11, 0-80 feet 
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Percentage 

Sample Interval +5 -5 -5+i -i +i -i Au 
ft in. in. in. in. in. in. g/yd3 

K-ll-1 0-10 _ - 58 42 - - 0.030 

K-ll-2 10-20 1.2 98.8 46 54 - - .01124 

K-ll-3 20-30 1.5 98.5 54 44.5 9.9 34.6 .10163 

K-ll-4 30-40 2.7 97.3 47.2 50.1 1.5 47.2 .1290 

K-ll-5 40-50 6.9 93.1 48.7 44.3 1.9 42.5 .19915 

K-ll-6 50-60 1.5 98.5 55.0 43.6 1.2 58.9 .1231 

K-ll-7 60-70 1.3 98.7 53.3 45.2 1.3 43.8 .0623 

K-ll-8 70-80 2.4 97.6 53.9 43.7 1.2 42.5 .1329 
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From a metallurgical standpoint, a few things should be men

tioned. For the most part, during processing drill samples, the clays 

did not create much of a problem and the gravels washed clean. How

ever, when the samples were damp or wet, some balling up in the trom

mel did occur. This would have to have some effect on recovery, but 

fortunately this did not happen until the drill holes were around 200 

feet deep. In a production situation, if dry screening were used, damp 

zones in the lower portions of the deposit or heavy rains could cause 

serious difficulties. This indicates that a trommel or wet screen-

scrubbing classification method may be necessary. 

Distribution of Gold 

Figure 5 (in pocket) is an isometric diagram of the Natomas 

data and gives an excellent representation of the nature of the deposit. 

In detail, the location and extent of the individual channelways may not 

be real because many of them are based on one drill-hole intercept. 

The general characteristics are correct', however. The gold is most 

abundant at the apex and decreases downfan. Laterally, amount of 

gold is greater near the axis of the fan or dominant drainages and de

creases away from them. The grade isoline for values greater than 

0.15 g/yd3 is shown on the plan map (fig. 2). The sections (figs. 6, 

7, and 8, in pocket), which have profiles of gold content of the Duval 

drill holes, show that gold is distributed throughout the entire vertical 

section with higher grade intercepts, indicating the cut-and-fill 

channelways. The individual channels are probably from a foot to a 

few tens of feet in width. The gold is not concentrated at bedrock but 
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distributed throughout because the fan is a depositional rather than 

erosional feature and is not in a steady state for very long. Coarse 

and fine particles of gold are found together throughout, but farther 

from the canyon mouth the overall size is smaller and coarser particles 

are closer to the apex of the fan. The size range of the gold particles 

below the apex is from a few millimeters to microscopic, with the smaller 

particles predominating. Near the canyon mouth larger nuggets have 

been recovered. In production plant design the recovery system will 

have to be effective to recover the very small gold particles and 

further work should include a thorough study of gold particle size. 

The size distribution of gold down to a depth of 12 feet was 

determined from a bulk sample at the mid-fan location K-12. The size 

distribution for the gold recovered is shown in table 2. The size dis

tribution was determined by wet screening the concentrates and per

forming the amalgamation analysis on each size fraction. 

Table 2. Gold size distribution, location K-12, interval 0-12 feet 

Percentage, by Mesh Size 
Au 

+70 +100 +150 +200 -200 g/yd3 

4.4 4.5 13.4 38.9 38.8 0.01555 



SAMPLING AT THE COPPER CANYON PLACER 

A few important points regarding proper and accepted placer 

sampling practices should be emphasized. A great deal of disappoint

ment and wasted time, effort, and dollars has been caused to surpris

ingly capable enterprises becauses these practices were not followed and 

short cuts were taken. Proper placer sampling is expensive, time con

suming, and labor intensive, which cause even some of the most consci

entious people to try to find an easy way out. The most important 

basic quidelines to reliable evaluation are: 

1. Use a systematic approach and strive for uniformity in the 

sampling program. Random and erratic grab samples are meaningless. 

Take as many samples as are practical for the situation. 

2. Take samples in such a way as to be able to accurately measure 

the volume, whether in place or swelled. 

3. Be sure that the samples are representative of the material 

being sampled. For example, if bulk quantities of larger older gravel 

deposits are being sampled, do not include samples of present stream 

drainages that cross them. The present stream drainages have under

gone secondary concentration and the amount of material is generally 

too small to be of primary interest. 

4. Do not split samples or concentrates. Placer gold is not uni

formly distributed and the nugget effect will be a factor no matter what 

the situation, although, if an extremely large number of very large 

samples is taken, the effect becomes less critical. The point is that 
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sample splitting is an unnecessary step that casts doubt on the reli

ability of the results. Screening out coarse material is acceptable 

because it is not the same as splitting the original sample volume. 

Screening, however, should be carefully done to ensure that no gold is 

lost with the coarse fraction. 

5. Do not use fire assaying to determine gold values in samples or 

concentrates. Fire assaying has not place in placer sampling except to 

determine the fineness of recovered gold. The basic reasons are that it 

requires splitting the sample and reports the presence of gold that is 

not necessarily recoverable in a production situation. The multiplication 

error resulting from converting the results for a few hundred grams of 

material back to the value per cubic yard may be tremendous. 

6. Use a gold recovery process that approximates the process and 

recovery of an intended production method. The method used to 

process the samples should not be better than that attainable in a pro

duction facility. 

If these guidelines are followed, much of the uncertainty 

regarding the results of a placer sampling program can be minimized 

and, if necessary, the data can be adjusted to compensate for certain 

errors. 

Drill Sampling Program at Copper Canyon 

The sampling program was designed to conform to the 

previously discussed guidelines to minimize sensitive factors and control 

critical areas. The program involved three basic steps: 
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1. Reverse-circulation rotary drilling to obtain a dry uncontami-

nated unsplit sample with a volume measurable within reasonable limits. 

2. Separation of the gold by wet gravity methods. 

3. Separation of the gold from concentrates by amalgamation and 

determination of the amount of gold present. 

The flow sheet for the sampling program is provided as figure 8. 

Drilling 

The program centered around drilling as a sampling method 

because of the ability to test to depth, while at the same time somewhat 

compensating for the negative factor of small sample size by drilling a 

number of holes. The drill data could also be compared with the pre

vious data obtained by Natomas. A reverse-circulation rotary drill was 

selected as the best type to minimize sample contamination by caving or 

sloughing the hole and to ensure that the obtained sample was coming 

from the interval being drilled. It is believed that the results obtained 

by this method are on the conservative side because a certain amount of 

sample is lost, particularly in the upper part of the hole. 

A number of options were considered in formulating the evalua

tion program for the Copper Canyon placers. The most comprehensive 

approach would have been, of course, to take many large bulk samples. 

This is not only very costly but is time consuming and should be con

sidered as a final-stage project. The evaluation of the Copper Canyon 

placers at the beginning of the study was rather complete from work 

done by Natomas. It was believed, however, that before large-scale 
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sampling should be conducted, verification of the previous work should 

be carried out. 

This decision narrowed the requirements of the program down 

to a few necessary steps in sampling and gold content determination. A 

sampling method was needed by which a number of representative 

samples could be taken at depths to over 200 feet and separated into 

intervals with measurable volumes at a reasonable cost in a relatively 

short time. The method for determining gold content had to be rapid, 

accurate, and cost effective and should produce results comparable to 

the recovery attainable in a production-scale plant. 

Because the stage of evaluation was one of verifying existing 

data, the Natomas sampling grid was retained and the plan was to offset 

a number of the Natomas drill holes. It was evident that some sort of 

drilling method would be required. Many drilling methods were con

sidered, and most are discussed in the literature. A fairly comprehen

sive description of most types is found in Wells (1969). 

The three basic drilling methods available for this type of 

program are churn, rotary, and bucket. There is a wide variety of 

drills available, but they all use one of the above methods and differ 

generally in size or drill design. The important drills applicable to the 

Copper Canyon program were the placer churn drill (Keystone drill) or 

rotary drill. 

The churn-type drills used for placer sampling in the United 

States and elsewhere in the world range from the Keystone Model 70 

drill (now called "Speedstar"; Buffalo-Springfield Co., Enid, Oklahoma, 

successor to Keystone Driller Co.), which can drill to 200 feet, to the 
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Airplane drill (C. Kirk Hillman Company, Seattle, Washington), which 

has only shallow depth capability. The Airplane drill is powered by a 

small engine, drills small-diameter holes, but is portable for use in 

remote areas. 

Available rotary drills include conventional, reverse circulation, 

Banka or Empire (available from New York Engineering Co., New York, 

New York), and rotary bucket type. Conventional, reverse-circulation, 

and rotary bucket drills are generally large, truck-mounted rigs. The 

first two have depth capabilities of several hundred feet and drill holes 

less than 10 inches in diameter, whereas the rotary bucket type drills 

holes a few feet in diameter but to shallow depth. The Banka or 

Empire drill is hand powered and drills to shallow depths using a casing 

and cutting shoe. 

Another type of drilling method amounts to a digging device 

with two jaws and teeth much like the clamshell bucket used on cranes. 

The jaw tool arrangement is lowered down the hole, takes a bite of the 

bottom of the hole, and is raised to the surface where the sampled is 

released into a container. The depth capability of this type of drill is 

relatively shallow. 

Because of the requirements of the Copper Canyon program, 

most of the previously described drills could be eliminated as possible 

sampling tools. The only two that could easily do the job would be the 

placer churn drill and the rotary drill. Due to the scarcity of exper

ienced churn drillers and placer-type drills and the fact that the 

alluvial fan gravels are competent but not cemented, it was believed 

that by using reverse circulation a suitable sample could be recovered 
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in an uncased hole. Some previous experience with reverse-circulation 

drilling and knowledge about conventional drilling in the area reinforced 

this idea. 

Drilling was done using a truck-mounted rotary drill rig 

equipped with a reverse-circulation double-wall drill pipe system and a 

250-psi, 560 cfm compressor. Samples were collected from a cyclone 

mounted on the drill truck. Tricone rotary drilling was used rather 

than down-the-hole hammer, because the tricone reverse-circulation 

system picks up the cuttings at the bottom of the hole, whereas the 

hammer system blows the cuttings uphole about 3 feet to the bit sub 

before they enter the pipe. This could cause hole erosion and possible 

contamination of the samples. Dry drilling was done to allow important 

information such as sample weights, volumes, and character to be 

recorded and to make handling of the samples less troublesome. The 

actual procedures are described because they are important factors in 

considering adjustments to the data. 

A typical drill hole was collared in the relatively dry, loose 

surface material. A substantial amount of sample was lost in the first 

few intervals because there was not enough back pressure on the out

side of the drill pipe to force the sample to flow up the center tube. 

To stop this early sample loss, it was necessary to stabilize the first 20 

feet of the hole down to a point where the alluvium became slightly 

damp and stood well. 

A few ways of stabilizing the holes were tried in the first 

stages of drilling. Casing would certainly work, but because reverse 

circulation was being used and there was no hole erosion from cuttings' 
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being blown against the hole wall, it was decided that a more passive 

solution would be feasible with much less difficulty. 

The first method involved drilling the first 20-foot joint into the 

ground, setting a 3-foot surface casing, filling the hole with a dilute 

water-bentonite mixture, and blowing the hole dry. This worked well, 

but it was found that if the surface casing was not used and a more 

dense water-mud mixture was dumped down the hole after the first 

20-foot interval, stabilization was as good as or better than with the 

first method and less time and trouble were required. The mud does 

not come in contact with the sample but remains in the upper part of 

the hole, sealing it off and forcing the sample up the inner tube of the 

drill string. 

Few problems were encountered in drilling the remainder of the 

hole until either fine clay or silt began to pack around the drill pipe, 

raising the torque to unacceptable limits or sticking the pipe. To 

remove these fines, the air was shut off and the drill string pulled 

back off the bottom of the hole and the material above the bit dropped 

to the bottom of the hole. The air was turned back on and the material 

blown out, cleaning out the hole back to where drilling had stopped. 

This caved material was discarded because it was not known where in 

the hole it came from. Certainly some but probably a minor amount of 

the material had been blown past the bit, which indicates another 

conservative factor related to drilling. The amount of material lost in 

this way was not large and would probably not amount to 5 percent of 

the total sample taken from a drill hole. 
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Depending on the hole, but generally at depth (below 200 feet) 

or in some shallow holes just above bedrock, the ground became damp 

to the point that wet clay clogged the drill string and water had to be 

injected to facilitate drilling and prevent the drill pipe from sticking. 

This had some undesirable effects. Important information, including 

sample weight, swelled volume, and much of the character, were lost. 

Additionally, it was noted that in a number of holes, gold values 

dropped by an order of magnitude when the samples were wet. The 

reason for this is unknown, but it may be that because there was a 

period of time between when the samples were taken and they were 

processed that the clays may have flocculated and hindered recovery. 

It seems unlikely that this problem was due to a material change 

because the dampness does not generally occur abruptly and the 

decision on when to drill wet was arbitrary. Another undesirable 

aspect was that wet sampling required two to three times the number of 

sample containers, which are difficult to handle and easy to spill. 

Drilling was intended to find bedrock, even if it had to be done 

wet, and this was accomplished in nearly all holes. Once bedrock was 

thought to have been encountered, at least an additional 7 to 10 feet 

were drilled to ensure that a large boulder had not been encountered. 

Drill Samples 

Sampling was done using 18 inch x 36 inch, 8-mil fractional melt 

polyethylene bags, which were attached to the bottom of the cyclone 

with large rubber bands. The samples were taken at 5-foot intervals to 

keep the sample weight at about 80 lb, which facilitated handling and 
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kept the weight within the bag strength limits. The particular bag 

used was excellent for the job. It did not separate at the seams, 

stretch, or tear easily. The 8-mil thickness is actually stronger than 

10-mil because a better weld strength can be attained on the thinner 

bag. No entire sample was lost because of bag failure. 

When the 5-foot interval was drilled out, bags were switched 

and the bagged sampled was weighed, logged, and measured from the 

top of the bag to the top of the sample for a swelled volume check. 

When a sufficient number of samples were on hand, they were taken to 

the processing site. 

The weights and volumes of the samples varied to some extent, 

and this should be considered in the final grade calculations. 

Variations were due to a number of factors such as sample loss when 

collaring the hole and moisture content. Another cause, which was 

compensating, was the difficulty in keeping the intervals at exactly 5 

feet while drilling. Considering the number of samples taken, these 

variations should have little overall effect, and if there were much 

effect, it was probably on the conservative side due to minor sample 

loss. 

Sample Processing 

The samples were trucked to the processing site located in 

Copper Canyon where the gold was separated by wet gravity using a 

small trommel-gravity concentrating device with a capacity of about 3 

yd3/hr. A number of different but similar devices of this type are 

commercially available. Two of these machines were used to keep pace 
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with the drilling, and initially four people were required to operate 

them. Later when the procedures had been perfected, two people could 

handle the samples alternating on one machine. The second machine 

was held on standby. Two people were required to handle sampling at 

the rig. 

A typical sample was processed in the following manner. Two 

bags, each containing a 5-foot drill interval and weighing approximately 

80 lb, were fed into the hopper of the concentrator. The water flow 

rate was adjusted, depending on the character of the sample, and the 

material was fed in at a rate at which it was properly washed in the 

trommel. The slurry on the primary riffle board should have a consis

tency that would allow the gold to drop out easily into the riffles while 

allowing the clay, sand, and pebbles to flow out to the tails. The 

water flow rate should be low enough to prevent turbulence, which 

would carry gold particles away with the tailings, but high enough to 

allow a maximum amount of material to be processed. 

The sample went from the hopper into the rotating trommel, 

which washed and sized the material down to about £ inch, and the 

coarser fraction was rejected on the waste chute. The gold-bearing 
t 

slurry dropped onto the primary riffle board, which was adjusted to 

oscillate perpendicular to the flow direction at about 200 cycle per 

minute to work the gold downward into the riffle traps. The less dense 

material was rejected onto the tailings chute. On the tailings chute, 

the material passed over the secondary riffles, a set of stationary metal 

hungarians underlain by an expanded metal screen and indoor-outdoor 

carpet. The slope of the secondary riffles was adjusted to allow the 



material to flow easily over the hungarians but not to block them. 

After passing over the secondary riffles, the tailings were rejected. 

When the entire sample had been run, the water flow rate was 

lowered to prevent overwashing the gold and the trommel and hopper 

were cleaned with a hose. The machine was shut off, and the riffle 

board removed and replaced with a clean riffle board before another 

sample was run. 

The riffle board containing the concentrate was placed in a 

sloping piece of 18-inch-diameter PVC pipe, which was cut open at the 

top to allow the riffle board to be placed inside. The pipe allowed to 

riffle board to be quickly and thoroughly washed off without spilling 

any concentrate. A metal tub containing an 8-mesh Tyler screen and 

catch pan caught the concentrate. The concentrates were screened, 

the screen was inspected for possible nuggets (none found), and the 

pebbles were rejected. The concentrates were panned down to about 2 

ounces in volume, and the relative amount of gold present was esti

mated. During panning and counting, some of the very fine gold par

ticles would float because of the surface tension of the water. To sup

press the particles, a small drop or two of ALCONOX (VWR Inc., New 

York, New York), a wetting agent, was added, which caused the gold 

to sink back to the bottom of the pan and not be lost. The panned 

concentrate was placed in a 4-ounce straight-sided clear plastic jar 

marked with the hole number, interval, and date. Periodically, the 

concentrate jars were taken to the mine assay laboratory for amalga

mation and gold content determination. This procedure continued until 

a particular drill hole was completed. 
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Then the trommel was removed and washed in a tub along with 

the material caught on the secondary riffles. This material was also 

panned down, placed in a labeled jar, and saved for amalgamation. The 

rejects from the concentrate panning tub were panned down a second 

time and saved for amalgamation. Generally only a few milligrams of 

gold were found on the secondary riffles and only a few tenths of a 

milligram in the repan. 

Amalgamation 

Once the sample had been reduced to a concentrate, the gold 

content was determined. The method of counting colors was found to 

be too difficult and time consuming and would not have produced 

accurate results. The fine size of much of the gold caused it to be 

intermixed in the black sand because of a density-size effect. This 

kept part of the gold hidden at any one time and if the concentrates 

were moved around, it would not have been known which colors had al

ready been counted. Accurate estimates can be made by an exper

ienced, but no experienced eye was available. 

Amalgamation is the best method of removing gold from placer 

concentrates. The method is quick, easy, and accurate and allows the 

total amount of recoverable free gold to be determined. 

The typical concentrate sample was washed into a container that 

had a good inner surface for the mercury to come in contact with the 

gold. In this study, 250-ml capped glass jars were used. The gold-

bearing concentrate was washed into the amalgamation container with 

about an equal amount of water. About 25 grams of triple-distilled 
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mercury (about the size of a nickel coin) was added. Less would have 

been sufficient. Sufficient ALCONOX from the panning operation was 

still present in the sample wash water to suppress floating gold. The 

container was placed on a slightly tilted set of motorized rollers and 

rotated for about 45 minutes or as long as it took for the mercury to 

alloy with all of the gold. The Copper Canyon concentrates contained 

clean gold and caused no amalgamation problems such as flouring of the 

mercury. The 45-minute amalgamation time was more than adequate. 

After the concentrates had been sufficiently rolled, the bead of 

mercury containing the gold was poured off into a 50-ml beaker and the 

stripped concentrate was panned to be certain that no gold or mercury 

remained in the concentrate. Nitric acid (1:1) was added to the 

mercury-gold amalgam, and the beaker was placed on a warming plate 

under a ventilated laboratory hood. Nitric acid reacts with the mercury 

to form mercurous nitrate, and the gold, along with other precious 

metals present, remains on the bottom of the beaker as a gold sponge. 

The mercurous nitrate was decanted, and the mercury can be recovered 

from the barren solution using native copper. 

The gold sponge was rinsed, dried, and weighed on an analyt

ical balance and reported to the nearest 0.01 mg. This weight includes 

both the gold and silver present in the sponge and it is therefore 

necessary to know the fineness of the sponge to determine the actual 

amount of pure gold present. Ordinarily an average approximation of 

the fineness is made, and that factor is used to calculate the amount of 

pure gold, but because a problem was noted with the first samples, a 

final step was added. 
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It was noted that the concentrates contained a considerable 

amount of coarse to very fine metal shavings from the drilling tools. 

Some of these, along with occasionally a few black sand particles, 

adhered to the mercury bead and could not be washed off. Upon dis

solving the bead, these particles remained with the sponge and caused 

an erroneous gold weight to be reported. To alleviate this problem, a 

final refining step was incorporated to remove the contaminants. 

The gold sponge, which had been previously weighed, was 

placed in silver-lead foil in a cupel and cupellated in the assay furnace. 

When the cupel is removed from the furnace, all that remains is a small 

sphere of pure gold and silver. The lead and impurities have been 

absorbed into the bone ash of the cupel. The addition of excess silver 

(6:1) allows the gold and silver to be parted. The small sphere was 

pounded flat, placed in a beaker with 1:1 HNOg, and heated on a 

warming plate. The silver goes into solution as AgNOg, leaving the 

gold behind as pure Au. The weight of the gold to the nearest 0.01 

mg is reported on the assay sheets as the after-cupel weight. If no 

impurities other than silver were originally present, the fineness may 

be directly calculated. 

Calculations 

Calculation of gold content was done on a per-hole basis, as

suming the average true hole diameter to be i inch larger than the bit 

diameter. The assumption was made after a visual estimate down some 

boreholes using a mirror. In addition, three dill holes were filled with 
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clean dry aeolian sand of known volume. This check indicated the 

following: 

Bit Back-calculated 
Hole # Depth Size Hole Diameter Difference 

DK-1XA 50' 

DN-2 30' 

DC-3 30' 

5.125" 

5" 

4.875" 

5.43" 

5.57" 

4.845" 

0.305" 

.570" 

.003" 

The result indicated that overall the assumption was reasonable 

as a sloughing factor. It also indicated that either the sand was 

probably not filling all voids in the drill hole, at least in the case of 

DC-3, or that even though utmost care was taken to keep the hole 

clean, some foreign material may have fallen into it. The important 

factor was that the holes were probably not a great deal more than a 

half inch larger than the bit diameter. 

The following calculations were done to find out the grams of 

gold per cubic yard for each drill hole. 

Assume: Average hole diameter (D) = bit diameter (inches) + i inch, 

the area of a cross section of the hole (A, ft2) will be 

A =£ ( J? )2 = ft2 

and volume of the drill hole (V, yd3) will be 

V = A * ( sample interval 
27 

ft2 x ft 
ft3/yd3 
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Fine gold weight: 

Sample interval mg Au 

Secondary riffles + repan mg Au 

mg Au * 0.001 = total g Au 

Grade directly 

total g Au/volume (yd3) = g Au/yd3 



COMPARISON OF DRILLING RESULTS 

The volume and grade of the Copper Canyon placer deposit 

have been calculated in a number of ways for comparison. The calcula

tions were done based on the depth of the sample interval times the 

area of influence. The area of influence was considered to be half the 

distance between drill holes. The results for lines K-Kf, G-G', M-M', 

and OO-OO' are listed in tables 3, 4, and 5, and where applicable, on 

the cross sections (figs 6B and 7B, in pocket) and on the plan map 

(fig. 2, in pocket). The blocks indicated in the tables are also shown 

on figure 2. 

It must be emphasized that these numbers can be deceiving 

because of the nature of the deposit. As an example, the grades of 

individual drill holes were calculated to the base of the better values 

(upper high-grade boundary) from the profiles and sections. In 

reality, although the data are numerically correct for the given hole, 

another hole could be drilled a few tens of feet away that would show a 

different distribution and grade. The point is that the deposit should 

be considered only on the basis of an overall average rather than hole 

by hole. The irregular nature of higher-grade gold in the deposit and 

the difficulty and expense of sampling placer material preclude having 

any kind of accurate grade control in a mining operation on a day-to

day basis. Everything within the selected cutoff boundary indicated by 

the overall data in a particular area must be mined. 

36 
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Table 3. Drill-indicated gold content for Copper Canyon and Box 
Canyon placer sampling project 

Blocka 
Au . 

g/yd3 Location Remarks 

I 0.1082 NW area To bedrock 

IIb .1045 NE area To bedrock 

III .1206 
.0690 

Line G-G' Natomas and Duval 
Duval data to bedrock 

IV .1082 Line I—I* No Duval data; not to bedrock 

V .0858 
.0820 

Line K-K' Natomas and three Duval holes 
Duval data to bedrock 

VI .0989 Lines M-M1 

& OO-OO' 
Natomas and two Duval holes; 

not to bedrock 

Average 0.09815 

a. Blocks are shown on figure 2 (in pocket). 

b. Hole DN-3 (80 feet, 1.200 g/yd3). Adjusted to block average 
to limit effect of high-grade intercept. 



Table 4. Optimized gold content for the Copper Canyon and Box 
Canyon placer sampling project 
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Block a 
Au 

g/yd3 Location Remarks 

IA 

IIA 

IIIA 

IIIA' 

IVA 

VA 

VIA 

0.1822 

.1338 

.2083 

.1157 

.1045 

.1095 

Copper Canyon 

NW area To bedrock 

NE area 

Line G-G* 

.1281 Line G=G* 

Line I-I' 

Line K-K' 

To bedrock 

Natomas and Duval; Duval data to 
bedrock 

Natomas and Duval; Duval data to 
bedrock 

No Duval data; not to bedrock 

Natomas and two Duval holes; Duval 
data to bedrock 

Line M-M1 Natomas; not to bedrock 
& oo-oo' 

VB 

VIB 

.1206 

.1331 

Box Canyon 

Line M-M' 
& oo-oo' 

Line M-M' 
& oo-ooT 

Natomas and one Duval holes; to 
bedrock 

Natomas and two Duval holes; to 
bedrock 

Average 0.1238 

a. Shown on figure 2 (in pocket). 



Table 5. Comparison of volume and average gold grade obtained from Duval and Natomas drilling 

Duval Drilling 

Duval Block' a Natomas Block 

Natomas Drilling 

Natomas Block 

Block 
Volume 

yd3 
Grade 
g/yd3 

Volume 
yd3 

Grade 
g/yd3 

Volume 
yd3 

Grade 
g/yd3 

Duval and Natomas 
Drilling 

Combined Block** 

Volume Grade 
yd3 g/yd3 

Block G-G' 

Total section 20.2M 

Upper high gradee 19.1M 

Upper high grade8 

less DG22 17.3M 

Block K-K' 

Total section 36.7M 

Upper high grade 25.7M 

0.1366 18.0M 

0.1418 

0.1586 16.1M 

0.0641 25.7M 

0.1020 

0.1461 18.3M 0.0210 18.5M 0.1206 

0.1488 15.5M 

0.0852 25.8M 

21.0M 

0.1318 15.6M 0.1300 

0.0864 25.8M 

0.6945 

0.0858 

a. Volume calculated using average depth of Duval drill holes containing more than 1 mg Au 
per 10-foot interval times area of influence shown on figure 2 (in pocket). 

b. Volume calculated using average depth of Natomas holes offset by Duval holes. 

c. Volume calculated using average depth of Natomas holes times area of influence. 

d. Volume calculated using average depth of Natomas holes. 

e. Upper zone of higher grade material to optimize grade. 
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Depending on the data considered, wide variations in grade and 

yardage can be estimated. An optimized estimate was made for gold 

content selecting the higher grade areas in Copper Canyon and Box 

Canyon. These areas probably indicate the portions of the deposit that 

were the most active drainage areas during deposition. 

There should be some caution in manipulating placer drill data. 

As was mentioned before, results cannot be confidently considered on a 

hole-to-hole basis. Therefore, eliminating or including peripheral drill 

holes around a small area represented by only a few drill holes is 

risky. The reliability of doing this can be estimated only by con

sidering the overall value of surrounding areas. 

To compare Duval sampling with that done by Natomas, the gold 

content and yardage for lines G-Gr and K-Kf were calculated a number 

of ways. The results are listed in table 5. Comparison were made 

considering that the Duval and Natomas drill holes were not drilled to 

the same depths. The intervals compared are shown on the cross sec

tions (figs. 6 and 7). Overall, the variation between the numbers is 

low for this type of deposit. Line K-K* numbers compare very closely, 

probably because there are simply more drill holes. Variations for line 

G-G' is probably due both to the fewer Duval samples and the higher 

gold content. The effect of the greater amount of Natomas data is 

evident on line G-G', where the Natomas value is only 0.006 g Au/yd3 

different than the combined Duval and Natomas value, even though the 

Duval value calculated to the Natomas depth was approximately 0.025 g 

higher. 



CONCLUSIONS 

The Copper Canyon fan is a classic desert alluvial fan gold 

placer. The highest gold grades are closest to the apex and decrease 

downfan. The same is true for gold particle size. Fineness of the gold 

should increase downfan, but this has not been determined. 

The study indicates that the churn drill and reverse-circulation 

drilling results compare well within limits on an overall basis. The dif

ferences do not appear to result from the sampling method. On a 

hole-by-hole comparison, there are wide variations in some areas. The 

important implication is that the nugget effect is a problem with this 

deposit as it is with most placers when few and small samples are 

taken. 

The equipment and procedures used appear to be effective in 

the evaluation of this type of deposit if extreme care is taken. The 

sampling technique used in this study was quick, inexpensive, and 

suitably accurate relative to other methods that could have been used. 

Further evaluation of the deposit is necessary to determine various 

unknowns and to better establish the grade. Additional drilling could 

prove useful in certain areas, but large-scale bulk sampling should be 

the next step in further evaluation. 

The observations made in this study should apply to other 

alluvial fan placers, and important conclusions can be drawn early in a 

sampling program based on the characteristics of this type of deposit. 

There are important points that should be considered. If sufficient 
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grade is not found midfan or near the apex, further work downfan is 

probably not justified. The gold is distributed throughout the fan, 

although there are higher grades in individual channelways, but neither 

totally barren zones nor extremely high-grade pay streaks of any 

extent should be expected away from the apex. There may be predomi

nant stream drainages within the fan where the grade is higher than in 

a d j a c e n t  a r e a s  a c r o s s  t h e  f a n  a s  i s  a p p a r e n t  o n  t h e  p l a n  m a p  ( f i g .  2 ) .  

Because of the marked decrease in gold particle size downfan, potential 

production would require that gravity separation equipment more effi

cient than sluicing would be necessary. 

Evaluation of other alluvial fans should encounter characteristics 

similar to those of the Copper Canyon fan, but differences could arise 

from the depositional environment or symmetry of the fan. Each deposit 

must be treated as an individual case until the similarities can be 

demonstrated. 
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