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Distribution of gold and other ore-related elements

near ore bodies in the oxidized zone at Goldfield, Nevada

By R. P. Ashley and J. P. Albers

Abstract
The heart of the Goldfield mining district occupies 0.6 square
mile within a 15-square-mile area of hydrothermally altered Tertiary
volcanic rocks. Most of the ore shoots were irregular bodies of
epithermel bonanza ore within a few contiguous silicified zones
enclosed within clay-bearing altered rocks. In 1966, 278 sampies of

argillized and silicified dacite were collected from excavations at

;the Combination and January mines, which once yielded gold in commercial
%quantities. Semiquantitative analyses show that gold, silver,Tlead, |
bismuth, mercury, and arsenic are notably enriched in rocks of the
%cuts. All these elements éxcept lead and mefcury formed conspicuous
ore minerals. Geochemical maps end one geochemical profile across

! strike show that relatively high concentrations of all these elements
are restricted to silicified zones. - This low-tenor metallization
dispersed through silicified zones does not extend into adjacent
clay~bearing rocks. During oxidation arsenic, copper, molybdenum,

and zinc were more or less strongly leached from the silicified zones

and the ore bodies within them, but these metals did not form distinct
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1 supergene halos in the surrounding argillized rockse. From the

2 semiquantitative data available, the average amount of gold in

3 silicified vein material is between 2.4 and 3.8 ppm.
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-Wo—reeommead-thax-ggochemical sampling to detect relict hypogene
dispersion patterns in ;Le Goldfield altered area, using 6xidized rock
samples,A :A:;stricted to the silicified zones. If only a few samples
are collected from each silicified zone, analysis for lead, of all the
elements tested besides gold, is most likely to detect significant
gold metallization, even though the lead was only a minor constituent
of the ores. Abundance of iron oxides is not a reliable guide to
anomalous amounts of gold.

Introduction
General

This report discusses distfibutioné of ore-related elements,
particularly those closély associated with gold, in the oxidized =ome
ddrﬁﬁnr'vtcrnttfiggra mined gold-bearing vein at Goldfield, Nev. The
work described herein is part of a broader study treating the geology
and geochemistry of hydrothermally altered rocks in the vicinity of
Goldfield. | |
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Most of the gold ore produced near Goldfield came from a 0.6-

square-mile area immediately northeast of the town of Goldfield

{(figs. 1 and 2). This area will be referred to as the '"main district";

Figures 1 and 2 near here

it ig a small part of a 15-square-mile area of hydrothermally altered

Tertiary volcanic rocks extending to the east and north, termed the
"Goldfield altered area." The main district lies at the western
margin of the Goldfield Hills, a group of pesks with meximum relief

of about 1,200 feet, nearl& surrounded by desert basins. Maximum
relief in the main district is only 180 feet, with elevations ranging
from 5,640 to 5,820 feet. The climate is arid; vegetation, sparse.
U.S. Highway 95 passes through the town of Goldfield. An all-weather
gravel road skirts the.western and northern sides of the main district,

and several dirt roads traverse it.
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1 In March 1966 the Davis-Goldfield Mining Corporation completed two
i
2 |deep exploratory cuts in the main district which provided most of the

3 Isamples for this study. These open cuts lie just east of the
Combination and January shafts, along the vein system common to these
5- two mines (pls. 1 and 2). The open cut walls, 15 to 50 feet high,

|

6  |expose many tunnels and stopes developed upward from the 80~foot level

7 lof the Combination mine, but the mine workings are almost completely

8 ]inaccessible. Three months after excavation ceased, 278 samples for

|

9 geochemical anélysis were collected from the cut walls at 5-foot

10“13’.n‘l:e::*vals. The cuts were mapped and sample locations were determined
il

by planetable methods. The planimetric maps of the cuts (pls. 2-13)

12 ﬁo not show elevations and contours, because the land surface around

'*  the cuts and the cut floors both have relatively little relief,

1 Whereas the intervening cut walls at the time of sampling and mapping
"%ere very steep, representing elevation changes between 15 and 50

1 eet along any given profile across the cut wall.
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The main objective of this study is to identify indicator elements

suitable for geochemical exploration for gold; each elementgmust be
evaluated with the following requirements in mind. Ideally, amounts
of an indicator element should correlate well with amounts of gold, and
the range of values should be detectable by a reasonably inexpensive
snalytical procedure, with few samfles falling below the detection
threshold. Data also should be subject to less sampling error than
gold data, and the element should form a dispersion aureole or halo
larger than its associated economic gold deposit. These requirements
imply that both the indicator element and gold were concentrated by
means of the same processes. The 278 samples from the cuts and much
smaller numbers of averége-grade ore, high-grade ore, and unoxidized

altered rock samples were studiedto find indicator elements for gold.

ﬁgince a genetic relationship exists between hydrothermal alteration
and ore deposition, the entire 15-square-mile altered area, which
includes the main district, has potential for new deposits. The
Combination-January cuts expose oxidized altered and low-tenor metalliz
rocks, so data from them should show geochemical relationships that

in bedrock samples collected from the surface
will be found Ahroughout the altered areag) a

Lgeachemical exnlaration ig limited to bedrock .Sampless) ...

W

25—
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results of this study (Ashley and Albers, 1969), no other reports

Wilson (1944) evaluated several elements as indicators for gold

in the Goldfield district. He showed that silver, bismuth, and tin
are positively correlated with gold in the Goldfield Consolidated
main vein on the 830-foot level of the Jumbo Extension mine (2,400
feet northeast of the Combination shaft, see fig. 2 and Searls, 1948,
ple 2). Although he did not find a clear relationship between gold,
silver, bismuth, and tin in and near the Clermont vein on the 225-foot
level of the Clermont mine (2,000 feet northeast of the Coﬁbination
shaft), or ig’two surface localities, including one on the Jumbo vein
(Jumbo mine, fig. 2, 1,200 feet east-northeast of the Combination
shaft), Wilson concluded that bismuth and silver are promising indicato
elements for gold. Sinée‘his samples yielding recognizable element
correlations were entirely from unoxidized rocks, his results apply

most directly to underground exploration. Except for preliminary

concerning indicator elements for gold at Goldfield have been published

]

2
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In the‘first section of this report we identify potential
indicator elements for gold. These include the following metals
associated with gold in the Goldfield ores: copper, zinc, arsenic,
antimony, bismuth, tellurium, mercury, lead, molybdenum, tin, &nd

probably selenium. In the second section we examine geochemical maps

elements for which we have adequate data. In the third section, we

| attempt to determine which elements owe their spatial distribution in

the cuts primarily to hypogene dispersion, and which owe their -
distributions largely to supergene processes. We &lso attempt to
explain various intereéting features seen on the geochemical maps,
and various associations between the ore-related elements. The final
section draws together information from the preceding secfions

pertinent to geochemical prospecting in the Goldfield altered area.

!
i
|
]

of the Combination-January cuts for gold and for the seven of the abovq

!
i
|

!
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The cooperation and assistance of Davis-Goldfield Mining
Corporation, owner of the investigated ground, made this‘project
possible. All underground information on the Combination and January
mines is from level maps compiled by Goldfield Consolidated Mines
Corporation (unpub. data), now held by Davis-Goldfield Mining
Corporation. Mr. M, G. Martin was particularly helpful in providing
these maps. D. H. Whitebread and L. D. Schultz assisted in geologic
mapping and saméling of the cuts. The late Martin C. Duffy, owner of
the Florence mine, conducted us through that mine, allowed us to map
and sample the limited workings still open, and discussed with us the
hitory of the mine. Mary E. Ashley coded the geochemical data for
computer input.
Geologic setting

The geology of the Goldfield area has been described by Ransome
(1909, 1910a, b), Locke (1912a, b), Searls (1948), Albers and Cornwall
(1968), and Albers and Kleinhampl (1970). The main district is at the
western margin of a Tertiary volcanic center composed of siliéic and
intermediate tuffs and volcanic breccias; énd rhyolite, quartz latite,
trachyandesite, and rhyodacite flows. These volcanic rocks cover
Ordovician metasedimentary rocks and Mesozoic gramitic rocks’fhat crop
out in many small inliers to the north amd northeast of the main

district.

U. S. GOVERNMENT PRINTING OFFICE : 1972 O - 457084
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| gide of the area, from the main district through Preble Mountain and

| very numerous, and trend northwest to nearly east-west, with steep dips

i both to the north and south. Alteration in the central part of the

| by northeast-trending, east-dipping shingle faults. The fault blocks

The altered area and the position of the main district within it

are shown in figure 2. At most localities the edge of éhe altered
area shown in the figure represents the boundery between fresh rock and|
rock strongly enough argillized to be visibly bleached and locally
stained with limonite. At some localities such as Blackcap Mountain,
however, altered rocks are covered by younger unaltered volcanic rocks
or alluvium, inlwhich case the edge of the altered area is actually a
contact with overlyihg materials rather than an alteration éontact.
Argillized rocks represent the bulk of the material within the altered
area, but many gilicified zones (veins) also appear, always surrounded
by argillized rocks. The silicified zones afe locélized along, and
delineate, the faults énd fractures that served as conduits for the

hydrothermal fluids that produced the slteration. Along the south

continuing to the east edge of the map, these faults and fractures are |

srea, in the vicinity of Vindicator and Banner Mountains, was controlled

dip west, and are successively downdropped to the ecast. The west and
north sides of the altered area are defined by a belt of altered rock
which extends from the main district northward through Columbia Mounta}n
to Kendall Mountain, then eastward through Black Butte. This belt revLals

an arcuate structural pattern, with most of the faults and fractures

alined approximately parallel to the inner margin of the belt. Although

U. 8. GOVERNMENT PRINTING OFFICE : 1972 O - 457-084
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the faults here do not dip‘consistently inward toward the Vindicator

Mountain-Banner Mountain afea, the arcuate pattern suggests that ring
fracturing occurred during thé Tertiary volcanism, possibly accompanied
by collapse, thereby forming at leest a partial caldera (see Albers

. 7/
and Kleinhampl, 1970).

U, 5. GOVERNMENT PRINTING OFFICE : 1959 O - 511171
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The ore deposits of the main district were irregular pipes and

sheets within seven or eight vein systems composed of silicified rocks,
striking north and dipping at moderate to low angles to the east.
Dacite, andesite, and latite were altered to form these silicified

zones and the argillized rocks which surround-them.—/ The

/

—'The terms "dacite," "andesite," and "latite" are the names Ransome
gave to the three volcanic units that dominate the Tertiary section in
the main district.' We retain Ransome's nomenclature for this report.
By current volcanic rock classification systems (Rittmann, 1952; O'Connor,
1965), the dacite is a rhyodacite; the andesite includes both

trachyandesite and rhyodacite flows; and the latite is a quartz latite.

15—
16
17
18
19
20—
21
22
23

24

lwith those of the Combination, and different maps are not required for

Combination-Jenusry, the westernmost of the major vein systems, is
shown on level maps of the Combination and January mines (ple. 1).

The first level of the Combination mine was 80 feet below the shaft
collar, at an elevation of 5,650 feet. Since the open cuts intersect
workings that were reached from this level, a generalized geologic map
of the cuts and adjacent surface has been substituted for the map of the
first 1e§el. Barly in the development of the properties, the workings
of the Combination and 3apuary mines were joined; the Combination shaft
serviced workings of the January throughout most of the history of

production. Consequently, many workings of the January are accordant

the two mines.

25~

U. 8. GOVERNMENT PRINTING OFFICE : 1972 O - 457-084

10 867100

e i e e —— Y e RS D VAIWGL VEINE LG



10—

13

12

13

14

15—

16

17

18

21

22

23 .

24

25~

Dacite is the most widespread rock type in the two mines,

occurring on all levels, but latite increases at the expense of dacite
) i the wune X

with increasing depth (ple. 2). Dacite rests directly on latitg\and

abuts andesite just east of the mine workings. Latite, andesite,

and dacite form a stratigraphic sequence from base to top 3 miles

east of the town of Goldfield; in the Combination-January area the

dacite either intrudes the andesite, as suggested by Ransome (1909,

pe 79-81) or is interiayered with the andesite, as suggested by

Searls (1948, p. 11, 12). Geologic mapﬁing elsewhere in the Goldfield

mining district indicates that Ransome's interpretation of the dacite

as locally intrusive into the andesite and latite is more likely

correct. Locally oﬁ thé west side of the open cuts, as much as 15

feet of sedimentary breccia of the Siebert Formation unconformably

i covers the hydrothermally altered volcanic rockg of the cuts (ple. 2).

Mine dumps and 2 to 5 feet of alluvium cover much of the surface

around the cuts (alluvium not shown on pl. 2). The positions of

contacts shown on plates 1 and 2 are inferred where they are covered

by these postalteration materials.

DeiCin e
j‘ .
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The most conspicuous feature of the Combination-January vein

system is the abrupt change of strike at the January shaft from N. 60°4
70° W. for the southern part of the system to N. 50°-65° E. for the
northern part. The acute angle thus formed persists to the second
(130-foot) level, but opens progressively on the third (180-foot),
fourth (230-foot), and fifth (280-foot) levels, and is not a notable
feature on the sixth (380-foot) level (see pl. 1). The arcuate vein
that passes through the January shaft at the surface and on the second
level is nearly vertical at the shaft, but dips northwest north of

the shaft and northeast south of the shaft. In the vicinity of the
shaft, the dip of the vein decreases below the second level, reaching
65° E. on the fourth level. The January shaft and the vein both
continue to the fifth level, but these workings are not included on
the Goldfield Consolidated Mines Corporation maps, so we do not know
their full extent and have omitted them from plate 1. This western
part of the vein system pinches out below the fifth (280~foot) level.
The eastern part of the vein system dips steeply in the area east end
south of the Combination shaft, but northwest of the shaft, on the
inside or eastern side of the sharp bend, dips are 50°-30° E.

/

decreasing with increasing depth.~ The eastern and western parts of

/
-~ Footnote near here

the vein system are close together near the surface, whereas separatio:

is meximum at the fourth level. On the fifthad sixth levels all vein

=

U, 3. GOVERNMENT ‘PHINTING OFFICE : 1959 O = 811171
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material shown belongs to the eastern part of the system, which

continues to a maximum depth of th feet below the Combination shaft
collar, corresponding to a minimum elevation of 5,290 feet. Most of
the stoping was done from locations at the s&rface at elevations as
high as 5,710 feet, to a point 330 feet below the Combination shaft
collar, at an elevation of 5,400 feet. Ransome includes the western
part of the vein system in his description of the January mine'(l§b9,
p. 216-220, pl. XVI), and includes the eastern part of the system in
his description of the Combination mine (1955, p. 209-216, pls. XVII,

XVIII).

U, S. GOVERNMENT PRINTING OFFICE : 19%9 O - 511171
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—/The ore bodies lying in the eastern part of the sharp bend had
not yet been discovered at the time Ransome examined these mines.
Consequently we have no detailed information fdr this part of the
area on the distribution of silicified rock. It is likely, however,

part o+ Fa. system

that the eastern,vein/extends northwestward into this ground and that

it includes these ore bodies.

U. 8. GOVERNMENT PHINTING OFFICE : 19%9 O = 511171
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The shapes and orientations of veins belonging to the Combination-
January vein system are probably controlled mainly by pre@lteration
fractures. Also, on the fourth, fifth, and sixth levels, some veins
conform to the shape of the dacite-latite contact. (See discussions
by Ransome, 1969, p. 211-212, 217-218; ané Locke, 1912b, p. 8Lk, on
form of the Combination-January vein system-), At many localities the
veins have been fractured and brecciated due to post &lteration
movement, but in most cases these displacements are‘too small to

significantly change the shapes of the veins.
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The Combination-January open cuts closely follow the Combination-
Lt Fiay ezt ghieed it 0 Than Tie wlint Tepsline

January vein system (pls. 1 and é))) A conspicuous structure seen in

EY

the cuts is the set of northeast-trending faults exposed 160 feet
northwest of the Combination shaft. Neither this set of faults, nor
the parallel-trending but southeast-dipping fault‘located 320 feet
west-northwest of the Combination shafg can definitely be identified
on the second level or deeper levels. Possibly the dip of the
northwest-dipping fault system progressively decreases with depth; if
80, it could connect‘with the northeast-trending, 30°-northwest-dipping
fault seen 250 feet northwest of the Combination shaft on the second
level, before dying out at greater depth. The 140-foot-wide block
between the two northeasst-trending faults with opposing dips may be
down+dropped, offsetting the silicified zone segment between the faultT
to the west. Comparing the map of the cuts with the maps for the
second, third, and fourth levels, however, the silicified zone lying
east of the conspicuous set of northeast-trending faults certainly
must be part of the zone that passes near the Combination shaft, and
the silicified zone lying to the west of this set of faults certainly
must be part of the zone that passes through br.near the January shafti
Since these two silicified zones appear to be separate at depth, they
are likely also separate at the level of exposure represented by the
cuts, implying that only small displacements aré agsociated with the

northeast-trending faults.
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Analytical methods

Gold values—/ for samples from the Combination-January cuts were

10—

11

13

14

16—

16

17

18

19

20—

21

22

23

24

25—

-/&he terms '"'value," "amount," and "concentration," as used in
this report, mean quantity of an element expressed as weight per unit
weight of rock. The specific units used in this report are percent

and parts per million (ppm) o

determined by atomic absorption spectrophotometry using hot hydrobromic

acid extraction from 2-gram samples (Huffman and others, 1967). Three
method of Thompson, Nakagawa, and VanSickle (1968). Tellurium and zincl

(Nakagawa and Thompson, 1968; Ward and others, 1969, p. 20-22).

Antimony concentrations were determined by a solution-colorimetric

colorimetric method (Ward and others, 1963, p. 38-4L4), Mercury concent:
were determined by the atomic absorption technique described by Vaughn
and McCarthy (1964), and Vaughn (1967). Ail other eiements, including
silver, barium, beryllium, bismuth; cobalt, chromium, copper, lanthanum
manganese, molybdenum, niobium, nickel, lead, tin, strontium, vanadium,
yttrium, iron, magnesium, calcium, and titenium were determined by
6-step semiquantitative spectrographic analysis (Ward and others,

1963, p. 91-94; Grimes and Marranzino, 1968).

other groups of samples were snalyzed by the cold hydrobromic acid~-bromine

concentrations were alsb determined by atomic absorption spectrophotome%ry

method, and arsenic concentrations by the Gutzeit-apparatus confined-spot

rations

U. S. GOVERNMENT PRINTING OFFICE : 1972 O - 457-084
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R. L. Miller, E. E. Martinez, F, Michaels, T. A. Roemer, J. A.
Thomas, J. D. Mensik, W. D. Goss, G. T. Burrow, G. D. Shipley, and
C. Huffman carried out the gold analyses. The analysts for tellurium
were H, D. King and E. E. Martinez; for zinc, G. W. Dounay; for
antimony, H. D. King; for arsenic, A. L. Meier, Z. Stephenson, and
W. Campbell; for mercury, W. W. Janes, J. James, S. Noble, J. G.
Frisken, and W, Campbgll. A. W. Helz, W. B. Crandell, J, L. Harris,
H. W. Worthing, C. Heropoulos, H. Bastron, E. L. Mosier, J. M. Nishi,

and J. L. Finley made the spectrographic analyses,

U. S. GOVERNMENT PRINTING OFFICE : 1959 O - 511171
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some number of specimens of a given rock type.

25—

St7tistica1 methods

Element abundances were calculated using techniqués described

_/"Abundance," as used in this report, means average concentra-

tion or weight proportion of an element in a given specimen or body of

rock., Here it is calculated essentially by averaging analyses for

by Miesch (1969). Frequency distributions for gold, mercury, arsenic,
and zinc show moderate to strong positive skewness, so the data were
transformed to common logarithms of the concentration values; a better
statistical estimate of abundance is possible if the frequency distri-
bution is relatively symmetrical, All other elements were spectro-
graphically determined, with geometric reporting intervals, making it
mandatory to convert the data for these elements to common logarithms
to provide statistics valid for intercomparison (see Miesch, 1965).
The class intervals used for the gold, mercury, arsenic, and zinc
histograms given on plates 4, 8, 9, and 12 Qere determined using a

/

v -
formula based on Sturges' rule (Sturges, 1926). For all other elements

/ MAX ¢ -MIN4

— Cy= s

NMy :

MAXi is the largest data value, MINy is the smallest data value, and

where Cy is the class interval, or class size,

NM; is the number of classes. NM1=2.5+1.442725gn(N1),kwhere Ni is

the number of data values,

class intervals are equivalent to the geometric reporting interval

used in brstep spectrographic analysis: the sixth root of 10, Results]

are reported to the nearest number in the series 1, 0.7, 0.5, 0.3, 0,2,

1. 8. GOVERNMENT PRINTING OFFICE : 19%9 O = 811171
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1 |0.15, 0.1, etc. Analytical error (one standard deviation) is approxi-
2 imately plus or minus one répo’rting interval.
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In order to compare abundances of various elements in various
data sets, relative abundances were calculated as follows: First,
arithmetic means and standard deviations were computed for each
element using all data (transformed to common logarithms) within t?e
analytical detection limits. The antilogarithms of the means thus
calculated are geometric means. Some elements have "cenéored"
frequency distributions: here some fraction of the obéervations fall
below the lower analytical detection limit or above the uppér analyti-
cal detection limit. For these elements, geometric means are too high
i1f the censored data falls below a minimum detection‘limit, or too low
if the censored data falls above a maximum detection limit. Using
Cohen's method (see Miesch, 1963; Cohen, 1956, 1961), these means
and their associated standard deviations were revised. Cohen's method
assumes that the data outside the censor point would, if known,
complete a normal (in this study, lognormal) distribution when com=
bined with the known portion of the distribution., The revised geometri
and standard deviation calculated by the method are those of this
ideal complete distribution. Use of Cohen's method for log-transformed
data, therefore, assumes that the frequency distribution is lognormal,
Many of the elements have frequency distributions that departkSuB-
stantially from lognormal, but the method gives é‘satisfactory esti-
mate of the geometric mean as long as the total distribution is
unimodal., Where more than 50 percent of the data for an element are

cengored, lognormality is a tenuous assumption. Here abundance

. calculated

estimates

U, 8. GOVERNMENT PRINTING. OFFICE : 1959 O « 831171
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less than the detection threshold value (all such cases involve the
lower detection limit). Where geometric means or deviations for two
data sets are claimed to be significently different statistically,
the difference between them was tested for significance at the

/

95-percent-confidence level (Moroney, 1956)

. 28«
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The sbundance estimates derived by the above method are suitable
for intercomparison, and they are used in figures accompanying the
text., These estimates, however, are not the best estimates of true
abundance possible, because the geometric mean generally gives values
somewhat smaller than the true abundance. To obtain the bestkpossible
estimate of true abundance, one must calculate Sichel's t estimator,

a statistical measure of central tendency for lognormal frequency
distributions, designed to eliminate fhe negative bias inhéreﬁt in

the geometric meanaﬂ/ The t eétimator gives a value close to the

—/footnote near here

arithmetic mean, but is not as atronglykinfluepced by relatively few
very high values, as is the arithmetié,meéh; Tb obtain t, the antilog
of the geometric mean is multiplied by a correction factor approximately
proportional in size to the antilog of'the‘gebmetric standafd deviation
but also partly determined by the number of semples (see discussion
by Miesch, 1967, p; B7-B8)., Sichel's j.estimator was céléulated’for'
each element from the geométric’mean and stendard deviation previously
calculdted with the aid of Cohen's method. These‘valﬁes’are'included
in table & for the interested reader, even though they ara mot used
for the data comparisons upon which’ this study relies. Approximate -

S g

confidence intervals for Slchel's t were cdlculatedﬁﬁqw g:  :using an
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® 12 </ The t estimator, d;aveloped by H. S. Sichgl (1952.‘ 1966), is not
13 to be confused with Student's t, a frequency distribution function
14 commonly used to calculate confidence intervals for various statistical
® 15— | measures, Sichel developed the t estimator M for evaluating
16 ore blocks in South African gold nines.
17
. 18
19
20—
. 21
22
23
® 24
25
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Correlation.coefficients were calculated for each pair of elements
by computer using the log-transformed data, although using the untrans-
formed data would have produced the same results because we calculated
Spearman's rank correlation coefficient rather ghan the more widely
used product-moment correlation coefficient. Flanagan (1959) showed
that the rank correlation coefficient is particularly suitable for
sem{?ﬁuantitative spectrographic data,?;nd is the only valid method of
computing a correlation coefficient between an element determined
chemically and an element determined spectrographically. The Spearman
rank correlation coefficient is nonparametric, and therefore does not
require the assumptions that must‘bg‘made vhen using the product-moment|
correlation coefficient. Theseyassumptioné include a fundamentally
hormal distribution for each eiement, independence of succassivé data

pairs, and homogeneity of variances. Since most of the elements

investigated here were determined spectrég:aphically, but several
important elements were determined chemically, we have adopted
Flanagan's method. Each correlgtionrcaeffigiqmtVwas calculated using
only those observations having data;wighiﬁ ﬁh@ de;ectian,limits;for

both elements 1nvolved. Since & différent’nnmbirvdf observations was

used for nearly every corrslation coaﬂtiginnt, thn reliability of each

coefficient is different. Each coefﬁiaunn_mi ” }jmted to & s:.(agnifi-

cance test, using Studént 8 t. ‘is.\i) show

The wvmlatia m &':L@

cent confidence levels, Flanagan (1957) prdﬁ; Wifﬁﬁ

21
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significance test, and gives references to the statistics literature

of rank correlation coefficients and the way in which we use results

, —b—le |
of the significance test are given later in this report (p.f4-tliy:

that carries the derivations of these formulas, Additional explanation|

-

pae—
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1 hs Hydrothermal alteration and metallization
2 ' General
3 The Tertiary voleanic flows that occupied the Combination-January

4 area were hydrothermally altered, ﬁetallized, and later oxidized to the

s~ depths now accessible. Hydrothermal alteration and metallization were
6 related as follows. Strong fracture zones which cut the flows provided
7 channelways for the hydrothermal solutions; the rocks in and adjacént

8 to these fracture zones were silicified, and rocks farther from the

9 - fracture zones were argillized. According to Ransome (1909, p. 158),
IO—ILocke (1912a, p. BOO—SOIJ) and Collins (1907a, p. 398), ore was asso-

1 tciated with silicified zones (veins), and little ore extended into

|
12, surrounding argillized rocks. Changes in ore grade were often abrupt,

13 | but boundaries between ore and lcw—grade or barren rock were always
t . .
14 gradational over at least a few feet (Ransome, 1909, p. 213, 218;

15- Collins, 1907b, p. 435). Hydrothermal wallrock alteration was well
)

16 :advanced when metallization began, but some hydrothermal quartz and

17 alunite formed contempovaneously with metal sulfides and gold (Ransome,

11909, p. 167, 169~170). Fracturing of the silicified ledges during -

19 the later stages of alteration produced local concentrations of gold

!
i

20 ' and sulfides and provided relatively large open cavities in‘whimh rich
21 ore formed. The bu;k of the precious metal recoyered,khaweVer, was
22 apparently disseminated through volumeSbf ﬁoak within th@‘sii&dified
43 zones; most ore is therefore qtructuvally controlled by prealteratlon

2 fracturing (Ransome, 1909, P 160—162) In the exteneiva barmen parts

v, B G()VFNNMLN"I PR!N’"NG QFl']CE 1972 [4 8 (5" oh4
' 86741y

29 (p,,22a;follows)‘f
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® ' .
! arelationships and alteration mineral assemblages identical to those
!
2 ; in metallized areas, so metals were deposited during and after wallrock
e 3 laltera'tion only where they were available to the hydrothermal system,
4 presumably entering the gystem at deeper levels.
5- |
(]
\d
7 !
‘ i
8 |
9
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16~ !
11 |
i
12|
® |
13
14
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i
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t
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®
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®
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20"ibu’c we cannot rule out the possibility that at least some, possibly

21
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The fault zones and shear zones shown on plate 2, although they
probably do not represent large displacements, record movement that
occurred after silicification developed along northwest-trending
fractures. The shear zones consist of many closely spaced fractures,
whereas fault zones consist of one or severai large breaks with few
subsidiary fractures. Much of the rock exposed in the cuts, both
silicified and argillized, is moderately to intensely fractured; the
fractures have diverse orientations and at many localities show slickensides
representing movement in diverse directions. They are too small and

too numerous to show on plate 2. é%ng_mingxala,npam$icularly in

hfgh—gnadgngres, filled open spaces in shagwgnodrpdf%ions of the silicified

»-...,.,M e

| zones. The shattering resu%&gdrf?bm movement that occurred after
'hydrothermal alteration wae well advanced-but before metallization

e

Iwas cempfwte, metallization accompanied the later atagea “of hydrothermal

iand fault zones, clay minerals differ in abundence and proportions
ifrom adjacent argillized rocks, suggesting that these breaks formed
‘before hydrothermal activity ceased. Supergene alteration could also

5be partly or wholly responsible for these differences in clay content,

Iall of the postsilicification fault zones and shear zones shown on

plate 2 originated before hydrothermal alteratlon and metallization
s rebnyy pamna }*MIW'«/
ceased, even though some of these breakgqshow slickensides that must

postdate all alteration.

U. 8, GOVERNMENT PRINTING OFFICE : 1072 O - 467-084
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11

12

13

: !depth of oxidation at the January minc is 180 feet and the original

. Jueridized samples. Oxidation produces few mineralogic clianges but do

All rock exposed in the cuts is within the upper part of the !
i
|

oxidized zone. The depth of’oxidation at the Combination mine is

[ i e
i
|
|
1

1130 to 140 feet (Ransome, 1908, p. 177, 216), and water was encountered

|
!at 210 feet when the chaft was sunk (Collins, 1907a, p. 398). 'The |

t
!
'water level was 160 feet (Ranscme, 1909, pl. XVI, p. 187, 219). |

; |
i To completely d@ocrlbe the petrcgraphic changes produfmd by hydro~
ithbfmu] alteratirn, nmetallizeilion, and oxidation, we should ideally |
thave sultes of unaltered rocks, unoxidized argillized rocks, unoxidized‘
silicified vrocks, urcxidized average-grade ores, unoxidized high-grade ;

ores, oxidized argillized rocks, oxidized silicified rocks, and

‘oxidized averagc—grade and high-grade ores. Of these nine groupé,-we

I
!
i
{
'
1
i
1
1

‘were able to obtain satisfactory numbers of unaltered rocks, unoxidized

gilirified vrocks, unoxidized average-grade ores, unoxidized high-grade

|
'Combination-Jaruary cuts provided particularly large numbers of oxidized
| :

lapgillized and silicified rocks. Although some silicified rock samples.
| .

ifrom the cuts actually constitute average-grade ores; all high-grade

ores, oxidized argillized rocks, and oxidized silicified rocks. The

loxidized ore has been mined cut. The following sections describe the
;petrovraphic characteristics of uﬁaltéred dacite, then tﬁe locétions
:and petrographic characteristics of the unoxidized rocks, and then the
ipetrographic characteristics of the oxidized rocks. The ﬁétrqgraphic

descriptions in the latter section are more detailed because the

number of oxidized samples svailable is much greater tha

he number of%
s

produce some notable geochemical nhanges,-d;scuﬁsed latam*inuthe veporty

|3 19?? O - 487w 05
X se7e 1
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Petrography of unaltered dacite samples

The Combination—January cuts mainly expose altered daclte. Since

no samples were collected from the few small exposures of altered

_andesmte, this section descvibes only the petrography of unaltered

dacite, for comparison with the unoxidized and oxidized altered dacite
oamples to be described in following sections. Seventeen samples
collected from scatteredAoutcrops east of the main productive areo
provided geochemical doté used later in the report. Thin sections

for three of these 17 samples provided the following data. -
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9 thgﬂeﬁég;nation-January area provide the data on unaltered da;{%éa

\P0trng:aphs—os—unaltnaad_and_nxidized~..
W

‘:EE?'Combination—January cuts expose soft clay-bearing altered

d hard silicified rock equally wellj both :ij’fff,pxodﬁéﬁé of
hydrothermal tion of dacite and éifjfiﬁg,/‘ {nce no samples were
T,

collected from the few smal 4f altered andesite, this

rock

section describes only fggfpﬁ%rography tered dacite and, for

/"/’ N
comparison, un ved dacite. Three thin sections rocks outside

-

(h& | :
Albcite is characterized by porphyritic texture, with 20 to 25
percent plagioclase phenocrysts 0.3 to 10 mm in dismeter, about 5 to 8

percent each of biotite, hornblende, and augite phenocrysts as much

as 2 mm long, O.5 to 1l percent corroded quartz phenocrysts as much as
2 mm long, and 1 percent opaque grains O.1 to 0.3 mm in diameter.

The plagioclase phenocrysts show normal‘oscillatory zoning, end have a

microlites of sodic labradorite, a few percent minute opaque and mafic |

texture.

bulk composition of about AnEO' The groundmass is one-half to two-thi%ds
I

grains, and the remainder glass. The groundmass shows good pilotaxitig

25—
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Petrography of unoxidized altered rocks and ores
Sampling of unoxidized materials from the Combination-January area
would have been desirable, but was not possible due to lack of access
and lack of ore samples, Thirteen unoxidized silicified dacite samples
for petroéraphic and minor-element comparisons were collected firom the

Florence mine (fig. 3), 1,600 feet southeast of the Combination mine,

Figure 3 near here

ibecause the Florence is the only mine currently accessible. The Florente

and the Combination are both located on the same vein system. The 16

unoxidized average-grade ore samples are from mine dumps throughout the

main district (fig. 4) and the 15 high~grade ores ave from mines

1

iFigure 4 near here

[

Figure 5 near here
I

R -

ore samples are unequivocally known to have come from the area under
jgtudy. Three other high-grade sampleﬁ most likely came from the
Combination mine but could also have come from any one of the other

major mines except the Florence.

iin several parts of the main district (fig. 5). Only two of the high-grade

—t

- Y
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plagioclase, biotite, hornblende, augite, and s.feuw.quarte-phenocrysts |..

itic artl lass roundm

and phenocrysts are both replaced by quartz, alunite, and kaolinite, buft
the phenocrysts are richer in alunite and kaolinite than the groundmasse.

Pyrite partly replaces former mafic minerals and is also scattered

-eomptete -WERRFIgtion

_ia«givenuenup«.;éz}.ln unoxidized silicified dacite, the groundmass

o~ mine A474;£

throughout the altered groundmass. The oxidized silicified rocks described

in the next section are petrographically the same as these rocks, except
that hematite or goethite replaces the pyrite. Unoxidized average-grad
ores contain 10 to 25 percent sulfide-bearing quartz aggregates which
form veinlets that cut the silicified wall rock, or surround wali:}ock
breccia fragments. Pyrite, stibioluzonite, and other sulfides (see

p. Z in these veinlets and fillings form crusts or aré intergrown
with the quartz. Considerable alunite accompanies the quartz in many
veinlets, and kaolinite fills scattered vugs remaining at the centers
of the veinlets. Much of the material in the veinlets filled open
fractures or open breccias, but some spetimens show metasoﬁatic effects
extending éeveral millimeters from the vein margins into the silicified

wall rocks. Otherwise, wall rocks in these specimens are identical to

unmetallized unoxidized silicified rocks; relict textures are generally

|well preserved. In a few specimens stibioluzonite is disseminated throiugh

the silicified wall rock. Here relict textures are obliterated,

indicating that metasomatism locally extends at least several

centimeters from veins into wall rocks. The high-grade samples could

U. 8. GOVERNMENT PRINTING OFFICE : 1972 O - 457-084
5870100
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1 only be exsmined visually; sulfide minerals are conspicuous in all

2 samples and abundant in some. Native gold is visible in several.

3 | Details of ere minmralogy will be presented in a later sectiom.
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@ :;etmgxmphy of oxidized altered dacite samples
1 T%%’%f%ered rocks exposed at the surface at Goldfield have been

2 described in detail by Harvey and Vitaliano (1964). The criteria we
from the combimt!.u*-danwy .
® 3 use for classifying individual oxidized altered-rock samples/are auts
s | generally the same as the criteria they used for distinguishing several
s- | alteration zones and subzones. Thin sections from 30 of the samples
® 6 from the cuts and X-ray diffractograms for 112 of the samples from the
7 cuts provided the petrographic data which follows.
8 In this report we use the term "illite" to refer to a group of
]
9 | clay minerals having d approximately equal to 9.9A, that do not
o ! (001) o
, ol ,
10~ | expand when treated with ethylene glycdl. We do not distinguish
114
1 between lﬁp and ZM1 polymorphic forms, both of which occur in these
® 12 rocks. The term "kaolinite'" refers to any member of the kaolinite
13 group except halloysite (ksolinite, nacrite, dickite). We have not

14 attempted precise identification of keolinite-group minerals. The

® 15— | term "montmorillonite' refers to a group of expandable clay minerals

(o]
16 |having diyo) approximately equal to 1k.7 to 15,5A (samples sir dried).

17
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Soft,/ clay-bearing altered rocks, although considered a single
group for geochemical comparisons, are described here in two subgroups
those that contain montmorillonite, and those that do not. Mont-
morillonite-bearing rocks, restricted to a small area northwest of the
Combination shaft (pl.2), have plagioclase phenocrysts that are partly
to almost completely altered to aggregates of 1 to 10 p-long illite
and montmorillonite grains., Illite flakes and leucoxene granules
replace biotite. 1Illite, leucoxene(?) or opaques, and in some cases,
minor quartz replace hornblende and augite. The groundmags is an
aggregate of 1 to 5my-diameter quartz grains and 1 to 10Tp-1ong mont-
morillonite, illite, and in some rocks kaolinite flakes. Crystals of
jarosite 2 to lOAp in diameter are scattered through the groundmass of
some specimens. These rocks have experienced the weakest hydrothermal
alteration of any_rocks exposed in the cuts; they were located farther
from local sources of hydrothermal solutions.than any other rocks
described here. They belong to the montmorillonite subzone of the

/
argillic zome described by Harvey and Vitaliano (1964, p. 568).

U, 8, GOVERNMENT PRINTING OFFICE : 1989 O = 511171
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Clay-bearing rocks with no montmorilionitg contain:abundant illite
andjggzigzg amounts of kaolinite. In rocks with appreciable kaolinite,
this mineral replaces the plagioclase phenocrysts with aggregates of
crystals less than 3 y églggﬁﬁﬁ;n diameter. In most rocks illite also
occupies the plagioclase phenocrysts; the amount varies from a few
flakes parallel to former crystallographic planes to 80 percent of the
crystal, intergrown with the kaolinite. Biotite is replaced by illite
and minor quartz. The groundmass is an aggregate of lO:y quartz grains
with as much as 20 pexrcent 1_to 5?p illitevand as much as 30 percent
diffuse patches of very_fine;;rained kaolinite., Scattered 1 to 549
granules of hematite, leucoxene, and in some rocks ld:y jarosite or
barite form abcut 10 percent of the groundmass. These clay ~bearing roq
which belong to the illite-kaolinite subzone of Harvey and Vitaliano

(1962, p. 568-571), are the product of more intense hydrothermal

alteration than the montmorillonite~bearing rocks.

and leucoxene; hornblende and augite are replaced by leucoxene, hematitT,

tks,

25~
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Tne rocks mapped as silicified rocks constitute the second group
of samples used for geocheﬁical comparisons (pl. 2). They are
microcrystalline quartz with 15 to 65 percent dlunite and kaolinite.
Most rocks contain alunite and kaolinite in 10:1 to 1l:3 proportions,
but some have no kaolinite. Typically, alunite and kaolinigzr%;;h

about one-third of-the rock. It is dense and hard, resembling chert,

because most of the alunite and kaol1n1tﬁ:?s"IGEEIIYEd*Et*the*srteswo:}

)C.» '\ Ty,

xformer plagioclase phenocrysts, and sometimes former biotite phenocryst

whereas the groundmsess is mostly fine-~-grained intergrown quartz. Seampl

with more than 50 percent alunite and kaolinite become relatively soft,

wHreant constituents sf
because these minerals become xmportanf{?ﬁﬂthe groundmass; these rocks

are indistinguishable in the field from nonfsilicified clay-bearing
rocks. Twelve such samples, found locally at the margins of visibly
silicified zones, are included with silicified rocks on plate 2.

These alunite~ and kaolinite-rich zones are always substantially
thinner than the harder silicified zones adjacent to them. TFormer
plagioclase phenocr&sts in silicified rocks are represented by
randomly oriented aggregates of 2Q} to 106;u-wide alunite plates with |
25 to 80 percent quartz (10 to 50u) and kaolinite (2 to 10u). The
groundmass is now a 2 to 20u aggregate of quartz with 10 to 50 percent
alunite or kaolinite or both, alunite generally the more abundant, and
scattered granules of hematite, leucoxene or rutile, and in some rocks
diaspore or jarosité. Subhedral areas containing 20 to‘SO percent
hematite, leucoxene or rutile, and rarely jarosite, but otherwise

similar to the groundmass, represent biotite, hornblende, and augite

es

U, 8. GOVERNMENT PRINTING OFFICE : 1959 O =~ %1117}
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®
, |phenocrysts. In somie rocks, however, biotite is the site of coarse
2 platy alunite with 20 to 30 percent fine-grained leucoxene or rutile,
Py 3 hematite, and miﬁor quartz. The silicified rocks. belor;g to the
« |slunite-quartz zone of Harvey and Vitaliano (19'611,, p. 571). They
s | form crudely tabular bodies which represent the rocks immediately
® 6 adjacent to the fissures that conducted hydrothermal solutions.
7
8
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1 All the altered rocks show moderately to-well-preserved relict
2 textures regardless of intensity of alteration. Relict quartz

o phenocrysts remain in all samples.
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Potential indicator elements:

elements associated with gold in Goldfield ores

vodobhe-Combination~January

\anaa-weae-hydre#he@ma&lymalﬁg;ggﬁmmg$alliaadv*andwla;gnmg;;g;&gdmngw

Sho-deptis AsH "accessible. " This section-of-the-report.focuses: on
(X “‘H)

is to identify all the elements that are associated with gold in the
Goldfield ores. Published descriptions of the ores and comparisons
between silicified rocks (13 samples), average-grade ores (16 samples),
and high-grade ores‘(lS samples), all unoxidized, servqﬂ”to delineate

the potential indicator elemenﬁi

sectron

"genchamicaluSOQbureswproﬁucedwbvw$hewme@a&%&maﬁ@umwpre@@aﬂ&:gur objectiyve A

25--
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Unoxidized ore typically contained pyrite (FeS;), bismuthinite

(31283), stibioluzonite (famatinite)(Cu3(Sb,Asis

4)? and native gold

_/Ransome (1909: p. 118-119) identified this mineral as famatinite,

and presented an analysis showing the As:Sb ratio of the mineral to be
nearly 1:1. Levy (1968) has shown that famatinite belongs to the
tetragonal series luzonite-stibioluzonite, and has suggested that the
name famatinite be dropped. OQur X-ray data, when compared with Levy's

data, indicate that the Goldfield famatinite is stibioluzonite.
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Ransome, 1909, p. 110-119, 165-166, 170). Collins (1907a, p. 398)
reported tetrahedrite((Cu,Fe)lz(Sb,As)4sl3) and small quantities of
chalcopyrife (CuFeSz) ahd sphalerite (ZnS) ffom the unoxidized ores of
the Combination mine. Ransome (190;, p. 216) reported telluride ore
from the 280-foot leveliof the Combination (unoxidized ore). Tolman
and Ambrose (1934, p. 264-278) reported marcasite (Fesz), tennantite

/
((Cu,Fe)lz(As,Sb)4sl3), goldfieldite (Cu3(Te,Sb,As)Sa)? sylvanite

'd
_/Palache, Berman, and Frondel (1944) give the formula
Cu128b4Te3$16. Thompson (1946), and more recently Levy (1968), con-
sider goldfieldite'a member of the tetrahedrite group. Levy gives the

formula Cu3(Te,Sb,As)Sé.

(AgAuTea), hessite (AgZTe), and petzite ((Au,Ag)zTe) in ores from other
v ' A - :

mines in the vicinity. Searls (1948, p. 20) reporﬁé calaverite (AuTez)

from a small vein developed by Newmont Mining Corporation about 0.3

v’ .
mile west of the Florence mine. Ransome (1909, p. 112) described a few

U, 8. GOVERNMENT PRINTING OFFICE : 1959 0 - 81171
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occurrences of galena (PbS). Ransome's snalyses of ore from the
Mohawk mine show copper, tellurium, bismuth, antimony, arsenic, gold,
silver, zinc, and traces of lead (1909, p. 167, 169). X-ray diffractidn

and optical examination of the 16 average-grade ore samples“/ confirm

calculated using annual production figures for the most active period

—/EMe ores examined contain approximately Q.1 to 2 ounces gold
per ton and 0.1 to 6 ounces of silver per ton except for one sample

bearing 30 ounces silver per ton. The average values for Goldfield,

of the district, 1906 through 1918, are 1l.56 ounces gold per ton and

0.35 ounces silver per ton (U.S. Geol. Survey, 1906~1918).

ICursory examinatioﬁ of the 15 high-grade ofesd/ spectrographically

stibioluzonite and subordinate tetrahedrite~tennantite, which is often
enclosed in the stibioluzonite. Polished sections show that small

amounts.of bismuthinite are commonly associated with tetrahedrite-tennantite.

—/Samples loaned by National Museum of Natural History,

Smithsonian Institution.

|
analysed for this study revealed no new major ore minerals. Searls (1948,

'p. 18) reported minor but notable amounts of tin in ore from some of

the deeper ore bodies of the district. Preliminary microprobe data
obtained by G. K. Czamanske show that stibioluzonite contains tin in
variable amounts: Concentrations of Q45 percent tin are common and a

maximum of 2.7 percent tin was detected, No‘sepéxate tin~bearing phase

2&-Fas recognized. A pollshed section of one of tgg avexﬁsﬁ_znada_gzea___~

u. 8 GOVIRNMEN'T PRINTING DFFICE : 1972 O - 487-084
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L
, | provided this microprobe data and some additional microprcbe data
2 referred to later in the report. The ores were thus characterized
3 by copper, antimony, arsenic, bismuth, tellurium, gold, silver, zinc,
o
4 lead, and tin, in approximate order of decreasing absolute abundance.
s | The economically important elements were gold, silver, copper, and
6 lead, in order of decreasing total value of production.
L
7 S
8
9
“ \
10~ |
|
11
12
]
13
14
15—
®
16
17
18
L2
19
20—
21
®
22
23
24
®
25~

v, 8, OOVIRNMENT PRINTING Oi"FlCE 11972 O ~ 457-084
=100
_2kb- (p. 38 follows) e
P : 45b 2 %



10-

11

12

—
w

14

15--

26 -

21

23

24

Elements suitable for geochemical exploration must occur in
notable amounts in ore-bearing silicified zoﬁes, but not in barren
gilicified zones. To identify elements that were introduced mainly
ducing metallization, rather than during silicification alone, we

data for unoxidized average-grade and high-grade ores. Analytical

results and statistical data are given in tables 1 and 2. Data for 17

TABLES 1 and 2 NEAR HERE

samples of unaltered dacite are included for comparison with the

taltered and metallized rocks. The average minor-element content of

| these samples should be similar to that of the dacite in the Combination-

i January area before hydrothermal alteration. The samples comprising
the three groups of uncoxidized rocks and ores are few in number and
from scattered localities, but they can be used for qualitative

i comparisons because the same alteration mineral assemblages occur
|
| throughout the district, and ore mineral assemblages from various

' » . [ .
iparts of the district have important features in ccumon (Ransome,
i

11909, p. 165-169, 172-172). Unaltered dzcite samples, unoxidized
rsilicified dacite samples, uncoxidized average-grade ores, and

unoxidized high-grade ores form a sequence of four groups whose |

compositions show progressively stronger effects of the .ore-forming

process.

compare spectrographic data for unoxidized silicified rocks with similar

1
|

|
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The comparisons provided by Figure £ confirm that copper

Figure £ near here

dominates the ores, and antimony, arsenic, bismuth, tellurium, gold,
silver, zinc, lead, and tin are relatively abundant, as one would
expect from available information on the ores. Data for tellurium
are incoﬁplete, but there is no reason to believe that amounts greater
than 0.1 percent (1,000 ppm) reside in unaltered g;i;fi;:lfied dacite.
In addition to the abbve elements, mercury and cadmium avré relatively
abundant. Molybdenum shows modest eﬁrichment in some ore samples,
although the averages for molybdenum in the tﬁo groups of ores are not
Stgnidecantly . sematnd i o

Ebe&n&ﬂﬁﬂ]larger than the average for,silicified dacite. These elements
fovm a group which will subsequently be referred to as "ore-related
elements." These are the elements to be investigated as geochemical
indicators for the Goldfield deposits. Barely detectable amounts of
palladium appeared in seven of the high-grade ore samples, and small
but variable amounts of indium appearedin five of the high-grade ore
samples. Detectable tungsten (200-300 ppm).appeared in two high-~grade
ore samples. Platinum, tantalum, and thallium were sought by spectro-
graphic analysis, but none of the sampies from any data set contained
detectable amounts of these elements. The only element not tested
that might be important as an indicator is selenium. Ransomc(lQO;,_

p. 134, 166) notes that selenium was found in tellurium~bearing oxidati

products from two mines several miles northeast of the main district.
Levy (19684 p. 131-132) notes an unidentified selenium-bearing mineral

on

found as inclusions in goldfieldite,

U. S, GOVERNMENT PRINTING OFFICE : 1959 O = 31117
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| this pyrite probably came from the preexisting mafic minerals, it is

The diagrams for iron, cobalt, chromium, nickel, and vanadium
(fig. 6) are notably different from those for the elements described
above. Regarding iron, unoxidized silicified dacite samples bear

pyrite, much of which replaces former mafic minerals. Since the iron of

reasonable that unaltered and unoxidized silicified dacite have

comparable smounts of iron, even though their mineral assemblages are
vastly different. Some aﬁerage-grade ore samples have pyrite associated
with quartz veins and open-cavity fillings, in addition to that which
replaces former mafic minerals in thé silicified wall rock, producing
iron contents notably larger than those seen in unoxidized silicified

dacite samples. The average iron content, however, is not éignificantl

3

larger than that calculated for unoxidized silicified rocks. High-grad

(]

ore samples, on the other hand, have much stibioluzonie and other ore.
minerals but relatively little pyrite, so these samples contain
significantly smaller amounts of iron. Cobalt, chromium, nickel, and
! vanadium change little or not at all through the grdups of samples.

Cobalt and nickel (Ramdohr, 1969, p. 779) probably are retained in

less abundant in the high-grade ores, as is the case with iron; small
amounts may have been introduced into the high-grade ores along with
the abundant base and precious metals found therein. Cobalt and

eomatric
nickel data for the high-grade ores show significantly larger weemdzrd

AU

deviations than do the data for average-grade ores, suggesting that mor

complex processes involving addition, as well as removal influenced

U. 8, GOVERNMENT PRINTING OFFICE : 1972 O - 437.084
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pyrite along with iron. These two elements are not, however, significantl
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oree could reamide in tetrahedrite-tennantite or stibioluzonite;

mineral series (Levy, 1967, p. 129).

cobalt and nickel concentrations in the high-grade ores. It is not
clear way chromium and vanadium are not more strongly depleted; we

do not know which mineral phase(s) they reside in. Vanadium in the

substantial amounts of vanadium occur in colusite (CuB(Sn,V,As)Su), a

mineral closely related to both the luzonite and tetrahedritentennantitF

U, 8. GOVERNMENT PRINTING OFFICE : 1973 O -
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Magnesium, calcium, and mangenese each show a pronounced and
progressive decrease, indicating>that depletion is directly related to
intensity of hydrothermal activity. The same is true of titanium,
barium, esnd strontium, except that each of these shows no significant
differenée in abundance between unaltered a£d unoxidized silicified

dacite samples. Barium and strontium data however, show significantly

)
larger standard deviations in unoxidized silicified rocks than they do
unaltered rocks, sﬁggestiug that hydrothermal alteration produced a
net increase in bafium and strontium-Eonceniraticns] in some samples
and a net loss in other samples. Thin sections of the unoxidized
silicified dacite semples show that titanium is retained in leucoxene
(fine-grained anatase,,TiOé) or in some cases rutile (EiOZ), and barium
end strontium ere retained in barite (BaSO,) or celestite'(SrSOA) or
both. Bérite and celestité form a continuous solid solution series,
but natural minerals are ggnerally nearly pure BaSOu or SrSOu (Deer
and others, 1962, p. 187-188, 197-198). The barite-celestite series

mineral(s) recognized in thin section are too fine grained to separate

easily for a more exact composition detemination. It is not surprising

(504)2) in the silicified rocks, since all these minerals are sulfates.
Alunite abundance generally decreases with increasing amounts of ore

minerals, and barite (celestite) probably decreases also.:

25—

U. 8, GOVERNMENT PRINTING OFFICE : 1973 O - 487-084
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to find barite (or celestite) along with the abundant elunite <KA13(OH)6
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Titanium, barium, and strontium could potentially form negative
geochemical anomalies in areas with gold metallization. These
elements could also conceivably be depleted, however, by particularly
strong or long-enduring hydrothermal activity without metallization.
Use of negative anomalies, furthermore, requires particularly careful
chemical analysis and involves greater difficulties in interpretatiocn
than use of positive anomalies;‘thereforé these elements will not be
considered further.

Lanthanum, niobium, and yttrium probably are depleted relative
to amounts in fresh dacite, but little else can be said with the data

available.

U, 8. GOVERNMENT PRINTING OFFICE : 1972 O - 437-084
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Dispersion patterns of ore-related elements in the oxidized zone
General
The preVious section of this report established that copper,

antimony, érsenic, bismuth, tellurium, gold, silver, zinc, cadﬁium,
tin, lead, mercury, and molybdenum characterize metallization at
Goldfield. The following discussion examines the relationships betwee
most of thése elements in oxidized rocks of the Combination and
January mines. It is particularly important to see whether these
elements form primary aureoles or secondary halos around the ore

- rc.(a“/.’d-/ fo va K coiler
bodies, and how closelyzge&ated«auggkglements are,in the aureoles or

halos.

-/6ur use of the terms 'primary," "secondary," "aureole,' and
"halo" is the same as that of Hawkes and Webb (1922). Since the
Goldfield deposits are epigenetic (and hypogenetic), our usage is also
concordant with revised definitions of the terms "primary " and

v
"secondary' proposed by James (1967).

25—

=
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"the oxidized zone, The depth of oxidation at th

Plate 2 is a geologic map of the open cuts at the Combination and
January mines, showing rock types, structural features, and hydro-
thermal alteration zones. Sample localities are shown on plate 3.
Specific localities mentioned in the text are numbered separately, and
these numbers are given on plate 2 and the geochemical maps, plates

<
415,
of osidiied /..,,ﬂ,,.,, willly atscd Arcore
The 278 samplesjthat provide the data for this part of the report

Crstrey S (iet
were collectedaabout 4 feet above the floor of the large central cut,

'/‘\
the smaller northwesternpmost cut, and the northwestern part of he cut
east of the Combination shaft (see pl.2). Much of the latter cut is
aut«( matloiai pyer .
occupied byfgpw-eaveJQgla:y—he&e—ené stopes; samples here were taken
about 4 feet above the top of the cave-in debris accumulated against
the upper walls. The present walls are partly, perhaps largely, scarps
left by blocks that broke off and slid or fell into the large caved

area. Except for the caved area, the walls at the time of sampling

and mapping were freshly excavated and very steep, representing

elevation changes between 15 and 50 feet along any given profile across|

the cut wall. JAll rock exposed in the cuts is within the u

e

part of

mbination mine is

v
0 to 140 fest (Ransome, 1909, p. 177 ), and water was encountered

at 210 feet when the'gﬁgff“w ollins, 190%5 P. 398)., The depth
of oxidation atmgpgfd%nuary mine is 180 feet and the © .water
level waa'160 feet (Ransome, 1909, pl. XVI, p. 187, 21@

e

U. S, GOVERNMENT PRINTING OFFICE 1 1959 O - 511172
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Open workings, some forming precipitous holes, disrupt the sampling
scheme at most of the 14 locations wherz they intersect the cuts. Six
of these are shown on plaie 2 aléng the west wall of the largest cut
between localities 2 and 7. These all lie within silicified rocks and
field examination indicates that they are probably old stopes. The
seventh location (loc. 20), at the southeast end of the large caved
area, in argillized rocks, is probably an access drift. Three more
openings are located on the wall of the largest cut, between

localities 6 and 7, and connect with the large opening shown at 7. The

last four appear in the vicinityof locality 8, and were probably originmlly

interconnected. All the workings represented by the latter two groups
of openings are tunnels and possibly stopes that intersect the nearly
vertical cut wall at vgrious ele;ations; the several near locality 8
almost overlap when.projected onto a horizontal plene. For simplicity,
therefore, these workings are not included on the plates. To place
the resulting problem of sampling bias in perspective, 12 of the existing
semples (samples 88, 89, 90, 91, 92, 161, 162, 185, 186, 187, 194, 195;
about 9 percent of the silicified rock sampies) came from the walls or
floors of stopes, and probably contain less gold and other goid—related
elements than the mined-out rockcpeuld—haii\ Furthermore, several
additional samples would have been teken in the vicinity of locality 8

if it had not been previously disrupted by mining activity.

U. 8. GOVERNMENT PRINTING OFFICE : 1073 O « 487-084
. . 8672400 -
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¢ 1 ‘ Element distribution maps
2 Rocks affected differently by hydrothermal activity often show
3 pronounced differences in amounts of ore-related elements, so plate 2
¢ 4 is used as a base for the element-distribution maps (plé. Lt-o/;@ which
s— | follow. The analytical and statistical data used to meke the maps and
6 accompanying histograms are given in tables 3 and L, The cuts generally
., 7
TABLE 3 AND 4 NEAR HERE
8
® 9 parallel the veih system, but they expose one section approximately
10- | across strike immediately northwest of the Combination shaft (seé ALY
n | pls. 3—)3. A geochemical profile for this section is shown for each
° 12 element along with the 'geochemical map to help bring out relationships
13 between the minor element distributions and various alteration and
14 structural features, and to skow the degree of contrast between
° 15— | oxidized metallized silicified and nonmetallized argillized rocks.
16 This contraét mey also be termed "énomaly height-to-background ratio,"
17 or "anomsly contrast.'" The histograms asccompanying each geochemical
° 18 msp show the relative amounts of each elemént in silicified versus
19 argillized rocks. The histograms also show the relative numbers of
20- | samples included in each range of values represented by a different
e 21 map symbol. Distribution maps are included for gold, lead, silver,
22 bismuth, mercury, arsenic, copper, molybdenum, and zinc.
23
® *
25 -
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