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Distribution of gold and other ore-related elements

near ore bodies in the oxidized zome at Goldfield, Nevada--

A geochemical orientation study

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

Abstract

The heart of the Goldfield mining districc 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
epithermal bonanza ore within a few comntiguous silicified zones
euclosed within clay-bearing altered rocks. Two hundred seventy-eight
sanples of argillized and silicified dacite were collected from recent
excavations at the Combination and January mines, which once yielded
gold in commercial quamtities, Semiquantitative amalyses show that
geld, silver, lead, bismuth, mercury, and arsenic are notably enriched
in rocks of the cuts. All these clements except lead and mewcury
formad comsplcuous ore minerals. Geochemical maps and ome geochemical
profile acroas strike show that relatively high concentratioms of all
these elements are restricted to silicified zones. This low-temor
metallization dispersed through silicified zonas does not extend into
adjacent cluy—néaring rocks. During oxidation arsenic, copper,
molybdenwm, and zinc were more or less strongly leached from the

silicified zones and the core bodies within them, but these metals did

{p. la follows)




pot forw distinct suptrgene halos in the surrounding argillised wocks.

From the semiquantitative daca available, the average amount of gold

in silicified vein material is between 2.4 and 3.8 pms.

{p. 2 follows)




Geochemical sampling to detect relict hypogeme dispersion
satlerng in the Goldfield altored area, using oxidized rock samples,
{8 bost restricted to the silicified zones, If only a few samples are
collocted from each silicified zome, analysis for lead, of all the
elements testad Leosides gold, is most likely to detect significant
gold metallization, even though the lead was only a minor comatituent
of the ores. Abundance of irom oxides is not a reliable guide to
anomalous amounts of gold.

Introdection

Gemeral

This report discusscs distributions of mincr elements, particularly

gold, im the oxidized zonme im the vicinity of a mined gold-baariamg

vein at Goldfield, Newads.The work described herein is part of a
broader study treating the geclogy and geochemistry of hydrothermally

altered rocks in the vicinity of Goldfield.




Most of the gold ore produced near Goldfield came from a 0.6-
squarc-mile area immediately northeast of the town of Goldfield (fig.

l1). This area is referred to in this report as the "main district."

Figure 1 near here

It lics at the western margin of the Goldfield Hills, a group of peaks
with maxigmm relief of about 1,200 feet, nearly surrounded by desert

basins. Maximum relief im the main district is only 180 feet, with

elevations ranging from 5,640 to 5,820 feet. The climate is @auékrid;

vegetation, sparse. U.S. Highway 95 passes through the town of
Goldiield. Amn all-weath:r gravel voad skirts the wastern and northern

sides of the main district, and several dirt roads traverse it.




Figure l.-=Map of Goldfield, Nev. apd vicinity, showing the locations
of major mines and the Combination-January cuts. 1. Coubinatiom
aime. 2. Jonuary mine, 3., Plorence mine. 4. Laguna mine.

5. Red Top mine., 6. Silver Pick mime, 7. Jumbo Extenmsion mine.

. Clerwout minc. 9. Mohawk mine., 10. Jumbo mine, 11. Grizzly

Bear mine. 12. Merger wmine.




In March 1966 the Davis-Goldfield Miming Corporation completed
two deep exploratory cuts inm the main district. These open cuts lie
just cast of the Combination and January shafts, along the vein system
common to these two mines (pls, 1 and 2). The open cut walls, 15 to
50 feet high, exposc many tunnels and stopes developed upward from the
80-foot levels of the Combination mine, but the mime workings are
almost completely imaccessible. Three months after excavatiom ceased,
278 samples for geochemical analysis were collected from the cut walls
at 5-foot iantervals. The samples were located by plame-table methods,
and most of the geology was mapped at the same time, using the plane-
table coatrol. The land surface arcund the cuts, although much
disrupted by mining operatioms, has topographic relief of only about
50 feet. The floors of the cuts and the exposures above the
Combination Glory Hole vary in elevation, but again the total variation
is only about 50 fect, with the highest elevations in the vicinity of
the January shaft, and the lowest around the Combinatiom Glory Hole,
For simplicity, therefore, contours and clevations are omitted from
the planimetric maps. The reader need only remember that the cut
floors and the ground surface surroundimg the cuts both have relatively
little relief, whereas the intervening cut walls at the time of

sampling and mapping were very steep, representing elevation changes

between 15 and 50 feet alomg any given profile acrosa the cut wall.




The 278 samples from the cuts and much smaller mumbers of
average-grade ore, high-grade ore, and unoxidized altered rock samples
were studied to find imdicator clements suitable for geochemical
exploration for gold. Ideally, amounts of an indicator element should
corralate well with amounts of gold; also, the range of concentrations
should be detectable by a reasonably inexpensive analytical procedure,
with few samples falling below the detection threshold; data should be
sub ject to less sampling error tham gold data; and, the element should
form a digpersion auirecle or halo larger than its agsociated economic
gold deposit. Thase requirements imply that both the indicator element
and gold were concentrated by means of the same processes.

The assumed exploration target is another heavy metals deposit
like that mined in the Goldfield main district. The main district lies
within a 15-square-mile area of hydrothermally altered volcanic rocks.
Since a gemetic relatiomship exists bLetween hydrothermal alteration
and ore deposition, this entire altered area has potential for mnew

deposits. The Combination-January cuts expose oxidized altered and

low-tenor metallized rocks, so data from them is appropriate for an

orientation study, particularly if geochemical exploration of the

altered area is limited to bedrock samples.




Wilsen (1944) showad that silver, bismuth, and tin are positively

corrc:latad with gold im the Goldfield Consolidated main vein om the

830-foot level of the Jumbo Extension mime (2,400 feet northeast of the

Combination shaft, see fig. 1 and Searls, 1948, pl. 2). Although he
did not find & clear relationmship between gold, silver, bismuth, and
tin in and near the Clermout vein on the 225-foot level of the Clermont
wine (2,000 feet northeast of the Combination shaft), or im two surface
localities, including one on the Jumbo wvein (Jumbo minme, fig. 1, 1,200
feet cast-northeast of the Combination shaft), Wilson concluded that
bismuth and silver are promising indicator elements for gold. Since
his samples yielding recognizable element correlations were entirely
from unoxidized rocks, his results apply most directly to underground
exploration. We have presented preliminary results of this study
(Ashley and Albers, 1969), but no other reports concerning indicator

elescnts for gold at Coldfield have been published,




In the first section of chis repoxrt we identify potemtial

indicator elemants for gold. These include the following metals

associated with gold in the Goldfield ores: copper, zinc, arsemic,

antimony, bismuth, tellurium, mercury, lead, wolybdenum, tin, and
probably selenium. In the second sectionm we cxamine geochemical maps
of the Combination-January cuts for gold and for seven of the above
potential indicator elements: those for which we have adaquate data.
attempt to dateimine which elements owe their

spatial distributions in the cuts primarily to hypogene dispersion,
and vhich owe their distributions largely to supergene processes., We
also attempt to explain various interesting features sceen on the
geochemical maps, and various associations between the ore-related
elemeuts. The conclusions section draws together information from
the preceding sections pertiment to geochemical prospecting in the

Goldfield altered areca.




The cooperatiom and assistance of Davis-Goldfield Mining
Corporation, owner of the iavestigaced ground, made this projact

posaible, All underground information on the Combination and January

mines is from level wmaps compiled by Goldfield Comsolidated Mines

.
Corporation , mow held by Davis-Goldfield Mining Corporation. Mr. M.

"
/

P. R. Billingslay and Augustus Locke are probably the major

authors of these maps.

G. Martin was particularly helpful in providing these maps. D. H.
Whitebread and L. D. Schultz assisted im geolegic mapping and sampling
of the cuts. The late Martin C. Duffy, owner of the Floremce mine,
conducted us through that mine, allowed us to map and sample the
limiced workings still open, and discussed with us the history of the

mine., Mary £. Ashley coded the geochemical data for computer input.




Geologic setting

The geology of the Goldfield area has beenm described by Ransome
(1909, 1910a,b), Locke (1912a,b), Searls (1948), Albers and Cormwall
(1962) , sand Albers and Kleiphampl (1970). The maim district is at the
western margin of a Tertiary volcanic center composed of silicic and
intermediate tuffs and volcanic breccias, and rhyolite, quartz latite,
trachyandesite, and rhyodacite flows. These volcamic voc.s cover
Ordovician metasedimentary rocks and Mesozoic granitic rocks that crop
out in mamy small imliers to the north and northeast of the main
district. Numerous subpavallel faults amd fractures form a band
gev ral hundred feet to more than a mile wide which outlines a partial
ellipse clongate cast-west., Pervasive bydrothermal alteratiom is

. associated with this band; silicified zones (veins) are localized along

the faults and fractures. East-dipping, north-northeast trending
faults cut across the west side of the ellipse and successively drop
the volcanic units down castward. These features, as suggested by

Albers and Cornwall (1967) and Albers and Kleiphampl (1970), indicate

W

that the volcamic center i3 outlined structurally by conceantric
fractures possibly formed by caldera collapse. The ellipse encompassas
an area with maximum dimensjons 5 miles sast-west by 3% miles north-
south; the l5-square-mile Goldfield altered area includes the large
tracts of altered rock associated with the ellipse, the north-mortheast
trending faults that traverse it, and a strong N. 80° W.-S. 80® E.-

trending fracture zone tangential to the south side of the ellipse.

9




The ore deposits were irregular pipes and sheets within 7 or 8
vein systems composed of silicified rocks, striking morth and dipping
at moderate to low angles to the east. Dacite, andesite, and latite

were altered to form t silicified zones and the argillized rocks

which surround them.

_/The terms '"dacite," "andesite," and "latite"™ are the names

Ransoma gave to the three volcuinic units that dominate the Tertiary
section in the main district. The dacite is actually a rhyodacite, the
andesite includes both trachyandesita and rhyodacite flows, and the
latite is a quartz latite. We retain Ransome's nomenclature, however,
to make the contents of this report casily comparable with the reports
of Ransome, Locke, and Searls, which provide the background for this

work. The momenclature of the volcanic umits will not be changed

until a complete stratigraphic revision is completed.




The Combinatiom-January, the westermmost of the major vein

systems, is shown on lavel maps of the Combination and January mines

(pl. 1). The first level of the Combination mine was 80 feet below

the shaft collar, at am elevation of 5,650 feet. Simce the opem cuts
int2rsect workings that were reached from this level, a generalized
geologic map of the cute and adjacent surface has been substituted for
the map of the first level, E£arly in the development of the propartiecs,
the workings of the Combination and January mines were joimed; the
Combination shaft serviced workings of the January throughout most of
the history of production. Conse uently, many workings of the January
are accovdant with those of the Combination and different maps are not

required for the two mines,

i




Locally on the wast side of the open cuts, as much as 15 feet of
sedimentary breccia of the Siebert Formation unconformably covers the
hydrothemmally=altered volcanic rocks of the cuts (pl. 2). Mine dumps
and 2 to 5 feet of alluvium cover much of the surface around the cuts.
The positions of contacts shown on plates 1 and 2 are inferred where

they are covered by these post-alteration materials. Dacite is the

most widespread rock type in the two mines, occurring on all levels,

but latite increases at the expense of dacite with increasing depth.

Dacite rests directly on latite, and abuts andesite just cast of the

mine workings. Three miles cast of the town of Goldfield, latite,

andesite and dacite form a stratigraphic sequence from base to top; in

the Combination-January area - cite either intrudes the andesite,

by Ransome (1909, p. 79-8l) or is interlayered with the

as suggested by Searls (1948, p. 11,12). Geologic mapping
in the Goldfield mining district indicates that Ransome's

cpretation of the dacite as locally imtrusive into the andesite and
. y

i8 correct.




The most conspicuoue featurc of the Combination-January vein
systum is the abrupt change of striks at the January shaft from N. 60°~
70° ', for the southerm part of the system to N. 50°-65° 2. for the

northern part. The acuce angle thus formed persists to the second

(130-foot) level, but opens progressively on the third (180-foot),

»fourth (230-foot), and fifth (2800-foot) levels, and is not a notable
featuve on the sixth (380-foot) level (see pl. 1). The arcuate vein

that passeas throuuu the January shaft at the surface and om the second )
A T i but -f'f gy JH s s TR ‘5'(.' Trs ShatT ard oo Thcaz?¥ §otetri s f TE-
level is nunrly vurtixal The dip of the vein dccreases below the
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second 1cvc1, reaching 65° L. on the fourth level, wherethe—vein—is
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bewet S‘B*HE”Etﬂﬂﬁtténry—{e-tﬁfmﬁ&og- Fdge—vertieel. This western part

4t
of the vein system pinches ocut issediebedy below the foureh (280-foot)

level, The eastern part of the vein system heegenssaliy—lewer dips-ﬂ*7v7

fin Tha etrec—
Eo—Lho—aastr—to—the cast and south of the Cowbination shaft, dips—ere-
iljw"!'
651~+§3ud»a¢adﬂon the inside, or eastern side, of the sharp bend , ehey ol f
s

are 50°-30" E, decreasing with incresasing depth. The eastern and

CLo s TE ) W ERCr il -
wastern parts of the vein system are .anapﬁaau%u-t the surface, where-
as separation is maximum at the fourth level. On the fifth and sixth
lev:ls all vein material belongs to the eastern part of the system,
which comtinues to s wmaximum depth of 440 feet below the Combination
shaft collar, corresponding to a minimum elevatiom of 5,290 feet.

Most of the stoping was done from locatioms at the surface at eleva-

tions as high as 5,710 faet, to a poimt 330 feet below the Combination

i3 (p. 13a follows)




shatt collar, at an elevation of 5,400 fesat. Ransome includes the

west=rn part of the vein system in his description of the January mine

Al
(1909, p. 216-220, pl. XVI), sheseas he includes the easterm part of

the system in his degcription of the Combination mine (1909, p. 209-

216, 1)18. ml' XVIII).
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The shapes and orientations of veins belonging to the Combination-
January vein system are probably controlled mainly by pre-alteration
fracturee. Also, on the fourth, £ifth, and sixth levels, some veins
conform to the shape of the dacite-latite contact. (See discussions
by Ransowe, 1909, p. 211-212, 217-218, and Locke, 1912b, p. 844, on
form of the Combination-January vein system.)

The Combination-January open cuts closely follow outcrops of vein
material , ghowy-hedag, and caved areas related to the Combination-
January vein system (pls. 1 and 2). A conspicuous structure seen in
the cuts is the set of northeast-trending faults exposed 160 feeot
northwest of the Combination shaft. WNeither this set of faults nor
parallel-trending but southeast-dipping faults, such as the ome at the
surface 320 feet west-northwest of the Combination shaft, can definitely

be identified on the second level or deeper levels. The segment of the

silicified zone between these two opposing faults is apparently offset

to the west, because the block between the faults is probably dowm-
dropped. Possibly the dip of the northeast-trending, northwest-dipping
fault system progressively decreases with depth; if 80, it could
connect with the northeast-trending, 30° northwest-dipping fault seen
250 feet morthwest of the Combination shaft om the second level,

before dying out at greater depth.




Much of the rock exposed in the cuts, both silicified and
argillized, is moderately to iatensely fractured; the fractures have
diverse orientatioms and show slickensides at many localities. Thay
are too small and too numérous to show on plate 2. The shear zones
marked on plate 2 cousist of many closely-spaced fractures, whereas
fault zones comsist of ome or several large breaks with few subsidiary
fractures. The fault zones and shear zomes obviously displace the
silicified zones and thus record movement that occurred after silici-
fication developed alomg northwest-trending fractures. Ore minerals,
particularly in high-grade ores, filled opeén spaces in shattered
portions of the silicified zomes. The shattering resulted from move-
ment that occurred after hydrothermal alteration was well advanced but
before metallization was complete; metallization accompanied the later
stages of hydrothemmal alteration (Ransome, 1909, p. 215-216). Some
of the shear zonmes andfault zones have different abundances and
proportions of clay minerals thanm do adjacent argillized rocks,

suggesting that these bresks formed before hydrothermal activity

ceased. Supergene alteration could also be partly or wholly

responsible for these differences in clay comtent, but we cammot rule
out the possibility that at lecast soae, possaibly all of the post-
silicification fault zones and shear zones shown om plate 2 originated
before hydrothermal alteration and metallization ceased, even though
some of these breaks show glickensides that must postdate all

alteration.




Analytical methods

/

Gold values for samples from the Combination-January cuts were

/

The terms "value," "smount," and “concemtration," as used in
this report, mean quantity of an element expressed as weight per umit
weight of rock. The specific umits used in this report are percent

and parts per million {(ppm).

determined by atomic absorption spectrophotometry using hot hydrebromic
acid extraction from 2-gram samples {(Buffuan, Mensik, and Riley, 1967).
Three other groups of samples were analyzed by the cold hydrobromic
acid-Lromine method of Thompson and others (1968). Tellurium and zinc
concentrations were also determined by atomic absorptiom spectrophoto-
metry (Nakagawa and Thompson, 1963; and Ward and others, 1969, p. 20-
22). Antimony comcentrations were determined by a solution-colori-
wmetric method, and arsenic coacentrations by the Gutzeit-apparatus
confined-spot colorimetric method (Ward, Lakin, Canney, and others,
1963, p. 38-44). Mercury concentrations were determinmed by the atomic
abgorption technique described by Vaughm and McCarthy (1964), and
Vaughn (1967). All other clemenmts, including silwer, barium, baryllium,
bismuth, cobalt, chromium, copper, lanthamm, manganese, molybdemua,
nicbium, nickel, lead, tin, strontium, vanadium, yttrium, from,
magnesium, calcium, and titenium were determined by 6-stap semi-
quantitative spectrographic analysis (Ward, Lakin, Camney, and others,

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




R. L. Miller, E. E, Martinez, P, Michasls, 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. Meicr, Z. Stephenson, and
W. Campbell; for mercury, W. W. Janes, J. James, S. Noble, J. G.
Frisken, and W. Campbell, A. V. Helz, W. B. Crandell, J. L. Harris,
H. W. Worthing, C. Reropoulos, H. Bastron, E, L. Mosier, J. M. Nighi,

and J. L. Finley made the spectrographic amalyses.




St%tis:ical methods

Clement abundances were calculated using techniques described

—/’%bundance," as used in this report, means average concentra-

tion or weight proportion of am element in a given specimen or body of
rock. Here it is calculated essentially by averaging amalyses for

some number of specimems of a givenm rock type.

by Miesch (1967). Frequency distributionms for gold, mercury, arsemic,
and zinc show moderate to strong positive skewness, so the data were
transformed to common logarithms of the comcentration wvalues; a better
statistical estimate of abundance is possible if the frequency distri-
bution is relatively symmetrical. All other elements ware spectro-
graphically determined, with geometric reporting intervals, making it
mandatory to comvert the data for these clements to common logarithms
to provide statistics valid for intercomparison (see Miasch, 1967).
The class intervals used for the gold, mercury, arsenic, and zinc
histograms given on plates 4, 8, 9, and 12 were determined using a

/
formula based om Sturges' rule (Sturges, 1926). For all other elements,

[, MAX{-MINg

G L oL » where C; is the class interval, or class size,
1

MAX, is the largest data velue, MIN; is the smallest data value, and

1

NM; is the number of classes. NMi=2.5+1.442?26ﬁn(N1), vhere ﬂi is

the number of data values.

class intervals are equivalent to the geometric reporting interval
used in 6-step spactrographic analysis: the sixth root of 10. Results

are reported to the nearest mmber in the series 1, 0.7, 0.5, 0.3, 0.2,
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0.15, 0.1, etc, Amalytical error (ome standard deviation) is approxi-

mately plus or wminus ome veporting interval,

(p. 19 follows)




in oxder to compare abundences of various elements in various
data sets, relative abundances were calculated as follows. First,
aritlmetic means and standard deviations were computed for each
element using all data (transformed to common logarithms) within the
analytical detection limits. The antilogarithms of the meamns thus

calculated are geometric means. Some elements have "censored"

frequency distributions: here some fraction of the observations fall

below the lower analytical detection limit o above the upper analyti-
cal detectiom limit., For these elements, geometric means are too high
if 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 (sece Miesch, 1967, and Cohen, 1959, 1961), these means
and their associated standa,d deviations were revised. Cohen's method
agsumes that the data outside the censor point would, if known,
complete a nommal (in this study, lognormal) distribution when com-
bined with the known portiom of the distribution. The revised mean
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 lognoxmal.
Many of the elements have frequency distributions that depart sub-
stantially from lognormal, but the method gives a satisfactory esti-
mate of the geometric mean as long as the total distribution is
unimodal. Where more than 50 percent of the data for am element are
censored, logmormality is a tenuous assumption. Here abundance

estimates are not calculated, and the true abundance is assumed to be

19 (p. 19a follows)




less than the detectiom threshold value (all such cases involve the

lower detection limit). Whers geometric meauns for two data sets are

claimed to be significantly differemt statistically, the difference

between them was tested for significance at the 95 perceant comfidence

level (Hoel, 1960).

(p. 20 follows)




The abundance estimates derived by the i¢bove method are suitable

for intercomparison, and they are used im figures accompanying the

text. These estimates, however, are not the best estimstes of true
abundance possible, because the geometric mean gemerally gives values

somewhat smaller than the true abundance. To obtain the best

possibly estimate of true abundance, one must calculate Sichel's t
estiwator, a statistical measure of central tendency for lognormal

frequency distrilbutions, designed to eliminate the negative bias
/

imhecent in the geometric mean. 7The t estimator gives a value close to

[

~'The t estimator, developed by H. §. Sichel (1952, 1966), is not

to be confused with Student'

s £, a fre uency distribution function
comnonly used to calculate confidence imtervals for varlous statistical

measures.

the arithmetic mean, but is not as strongly influenced by relatively
few very high values, as is the arithmetic mean. Sicheél's t estimator
was calculated for cach elemant from the geometric wean and standard
deviation previously calculated with the aid of Cohen's method. These
values are included in Appendixes ;iand L for the intercsted reader,
even though they are not used for the data comparisoms upom which this
study relies. Approximate confidence intervals for Sichel's t were
calculated for gold using an equation given by Aitchison and Brown
(1963, p. 50). These are given for gold and silver, the only

potentially economic elements.




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 correlatiom coefficient rather than the more widely
used product-mowment correlation coefficlent. Flanagan (1957) showed
that the rank correlation coefficient is particularly suitable for
gemi-juantitative spectrographic data, and is the only valid method of
computing a correclation ccefficient between an element determined
chemically and an element determined spectrographically. The Spearman
rank correzlation coefficient is nomparametric, and thercfore does not
require the assumptions that must be made when using the product moméent
corr:lation coefficient. These assumptions include a fundamentally
normal distributiom for each clement, independence of successive data

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

investigated here were determined spectrographically, but several
important elements were determined chemically, we have adopted
Flanagan's method. Xach correlation coefficient was calculated using
only those observations having duta within the detection limits for
both clements inwolved. Since a different number of observations was
used for mearly every correlation coefficient, the reliability of each
coefficient is different. Fach coefficient was subjected to a signifi-
cance test, using Student's t. The correlation matrices (fig. 7) show
which correlation coefficients are significant at the 99- and 95-per-
cent confidence levels. Flanagan (1957) presents and explaims the

formulas for computing both the ramk correlation coefficicnt and the
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significance test, and givaes rcferences to the statistics literature
that carries the derivations of these formulas. Additional explanation

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

of the significance test are given later in this report (pP..l ¢ia).

{(p. 22 follows)




Potemtial indicator elements:
Elements associated with gold inm Goldficld orves
The wolcanic flows that occupied the Combination-January arca ware
hydrothermally altered, metallized, and later oxidized to the depths
now accessible. Strong fracture zomes which cut the flows provided
channelways for the hydrothermal solutions; the rocks in and adjacent
to thase fracture zones were silicified and rocks farther from the

fracture zomes were argillized. According to Ransome (1909, p. 158),

Locke (1912a, p. 800-501), and Collims (19074 p. 398), ore was associ-

ated with silicified zomes (veins), and little ore extended into
surrounding argillized rocks. Changes in ore grade were often abrupt,
but boundaries between ore and low-grade or barrcn rock were always
gradational over at lezast a few feet (Ransome, 1909, p. 213, 218, and
Collins, 1907b, p. 435). Hydrothermal wall-rock alteratiom was well
advanced when metallization bagan, but some hydrothermal quartz and
alunite formed contemporancously with metal sulfides and gold (Ramsome,
1909, p. 167, 169-170). TFracturing of the silicified ledges during the
later stages of alteration produced local concentrations of gold and
sulfides and provided relatively large open cavities in vhich rich ore
formad., The bulk of the precious metal recovered, however, was
apparently disseminated through wolumes of rock within the silicified
zon:s; most ore is therefore structurally controlled by prealteration
fracturing (Ransome, 1909, p. 160-162). 1In the extensive barren parts
of the Goldfield altered area the silicified zones show structural

relationships and alteration mineral assemblages identical to those in
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metallized areas, so metals were deposited during and after wallreck
alteration omly where they were availabdle to the hydrothermal system,
presumably entering the system at deeper lavels, Elements potentially
sultable for geochemical exploration must therefore be characteristic
of the ores and not of silicified rocks alome. Published descriptioms
of the ores and comparisoms between silicified rocks (13 samples),
average-grade ores (16 samples) , and high-grade ores (15 samples), sll
ancxidized, served to delincate the potential indicator elements; that

{s, those elements assoclated with gold in the ores.

22a {(p. 23 follows)




Unoxidized ore typically containad pyrite (Fesz), bismuthinite
/
{Bi. 30 stibicluzonite (famatinite){Cus(Sb,As)Sﬁ), and native gold

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

and presemted an analysis showing the As:Sb ratioc 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
2 fumatinite be dropped. Our X-ray data, vhen cowpared with Levy's

v, iIndicate that the Goldfiasld famatinite is stibioluzonite.

niowe, 1909, p. 110-119, 165-166, 170), dJCollins (1907a, p. 398)

2 ported tecrah:d:i::((:u,¥;)lziﬁb,Aa)asla) and small quantities of
alcopyrite (CuFeS ) and sphalerite (ZnS) from the unoxidized ores of
e Combination mina. Ransome (1909, p. 216) reported tellurxide ore
s the 280-foot level of the Combination (unoxidized ore). Tolman

, Ambrose (1934, p. 264-278) reported marcasite (Fesz), tennantite

((Cu,#c)l?(ﬂs,gb}asls), goldfieldite (CuS(Te,Sb,As}Sa)T sylvanite

£

__/Palache, Barman, and Frondel (1944) give the formula

Cul 5b,Te,S16. Thompson (1946) , and more recently Levy (1968), con=-
3 1€

sider goldfieldite a member of the tetrahedrite group. Levy gives the

formula Cu3('1'-.=_\. »Sb,As) 34 .

(Ag:-.u'rea) s hessite (:1.32’1';) , and petzite ((Au,‘&g)z‘l'&) ‘in ores from other
mineg in the vicinity. Searls (1948, p. 20) reports calaverite (AuTez)
from a small vein developed by Newmont Mining Corporation about 0.3

mile west ¢f tha Plorence mine. Ransome (1909, p. 112) described a few

(p. 23a follows)




occurrences of galena (PbS). Raunsome's analyses of ore from the

rhohawk mwine show copper, tellurium, bismuth, antimony, arsemic, gold, _
Fn G PTICad agrmnsfion |
silver, zinc, and traces of lead (1909, p. 167,169). X-ray diffraction, ’
. b 4
Eénaky&is—ﬁf—éaof the 16 average-grade ore samples confirmed

wahz ores exemined contain approximately 0.1 to 2 ounces gold
par tom and 0.1 to 6 ounces of silver per ton except for one sample
bearing 30 ounces silver per tom. The average values for Goldfield,
calculated using annual production figures for the most active period
906 through 1915, are 1.56 ounces gold per ton and

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

Sbe i Lbwg iy .f.c/:-;-;,j\;-:‘,.r_,ﬂff - accn (S ,.(;L:,.,_ Gl el 1 m \/f(‘: sefide nefe .
stibioluzonite und{;;aafyycnnantitcfj A small amount of polybasite(?)
'f:f\;)’ﬂ.m & i’"' =
(<A“’Cu)153b231‘) accompanics stibioluzonite and,tennantite in one
sample. Polished ssctions show that small amounts of bismuthinite are
RAT AL 1€ = Flinan b bl
comnonly associated witﬁi@t&ﬂio?uzaﬁttg. Cursory examination of the

/

15 high-grade ores spectrographically amalysed for this study revealed

_/Samples loaned by Natlonal Museum of Natural History,

Smithsonian Imstitution.

no new major ore minerals. Searls (1948, p. 18) reports minmor but

notable amounts of tin in ore from sowme of the deeper ore bodies of the

#

hanto i e . _
disnrict./\The orzs were thus characterized by copper, antimony,

arscnic, bismuth, tellurium, gold, silver, zinc, lead, and tin, in
approximate order of decrecasing absolute abundance. The ecomomically

important elements wire gold, silver, copper, and lead, im order of
decreasing total value of production.
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Llemants associated with gold were furthoer imvestigated by
spectrographically amalyzing unoxidized silicified rocks and oyes.
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 minor-element comparisons were collectad from the Florence mine,
1,600 feet southeast of the Combination mime, because the Florenmce is

the only mine currently accessible (Fig. 2). The Florence and the

Figure 2 near here

Combinatiom are both located om the same vein system. The 16
unoxidized average-gradec ore samples are from mine dumps throughout
the main district (Fig. 3) and the 15 high-grade ores are from mimes

in several parts of the main district (Fig. 4). Only five(?) of the

Figures 3 and 4 near here

high-grade ore samples came from the area under study, and locatioms
of these samples are poorly known. The samples are few im number aand
from scattered localitics, but they can be used for qualitative

comparisoms because the same alteration mineral assemblages occur

throughout the district, and ore mineral assemblages from various

parts of the district have important features in common (Ransome, 1909,
p. 165-169, 172-173). Data for 17 samples of unaltered dacite are

included for comparison with the altered and wetallized rocks. These

samples were collected from scattered outcrops of unaltered dacite
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east of the productive area, The average wminor element countent of
these samples should be similar to that of the dacice in the

Combination-January area before hydrothexmal alteration. Unaltered

dacite samples, unoxidized silicified dacite samples, average-grade

ores, and high-grade ores form a sequemce of four groups uhose
compositions show progressively stronger effects of the ore~-forming
process, Bafore examining wminor-clement realtiomships, we will

describe the four groups of samples briefly.

{p. 25 follows)




Figure 2.--4,B,C. Locations of unoxidized silicified dacite and

hydrated sulfate samples.




Figure 3J.--Locations of average-grade ors samples.




¢ samples.




The unaltered dacite is a povphyritic violcanic rock with plagio-
“lase, bloglits, hornblends, augite, and a few quartz phenocrysts in an
aphanitic, partly glessy grounduass. A more complaete description is
given on p, Y-, In unoxidized silicifled dacite, the groundmass and
phenocrysts are both replaced by quartz, slunite, and kaolinite, but
the phenocrysts are richer inm alunite and kaolinite than the ground-
mass . Pyrite partly replaces former mafic wminerals and is also
scattered throughout the altered groundmzss. The oxidized silicified
rocks described in the next scction are petrographically the asame as
these rocks, at least with respect to minerals coarsc grained enough
to identify optically or abundant enough to identify by X-ray diffrac-

tometry, except that hematite or goethita replaces the pyrite.

Unoxidized average-grade oves,l0 to 25 percent sulfide-bearing quartz

aggregates which form veinlets that cut the silicified wallroek, or
surround wallvock breecia fragments., Pyrite, stibioluzonite, and
sulfides (see p. ') in these veinlecs and fillings form crusts
or are intergrown with the quartz, Considerable alunite accompanies
the quartz in many veinlets, and keolinite fills scattered wugs
remaining at the centers of the veinlets. Much of the materiasl in the
veinlets filled open fracturas or open breccias, but some spacimens
show metasomatic effects extending several millimeters from the wvein
marging into the silicified wallrocka, Otherwise, wallrocks in these
spucimens are jdenticel teo unmztallized silicified rocksi reliet
textures are genevally well preserved, In a few apecimens stibio-

luzonite is disscaimaced through the gilicified wallrock. Here relice

{p. 25a follows)




textures are obliterated, indicating that more extensive metagzomatism

occurs locally. The high-grade samples could only be examined

visually; sulfide minepals are conspicuocus in all sauples and abundant

in some. MNative gold is visible in saveral.

(;J « 26 followa)




The comparisons provided by Figure 5 confinu that copper

Figure 5 near here

dominates the ores, and antimony, arsemic, biswmuth, tellurium, gold,
silver, zinc, lead, and tin are relatively abundamt, a2s ome would
expect from available informationm on the ores. Data for tellurium
are i,nconxplcte,. but there is no reason to believe that amounts smatar.
than 0.1 percent (1,000 ppm) reside im unaltered or silicified dacite.
In additioen to the above clements, mercury and cadmium ane relatively
abundant. Molybdenun shows modest enrichment in some ore samples,
although the averages for molybdenum in the two groups of ores are not
notably larger than the average for silicificd dacite, These alements
forn a group which will subscquently be referred to as "ore-related
elements.” These are the elements to be investigated as geochemical
indicatore for the Goldfield deposits. Barely detectable amounts of

palladium dppeared in seven of the high-grade ore samples, and small

but varisble smounts of indium appearal in five of the high-grade ore

samples. Detectable tungsten (200-300 ppm) appeared in two high-grade
orc samples. Platinum, tantalum, and r.hﬁnium were sought by spectro-
graphic analysis, but nopne of the ampias from any data set contained
detectable amounts of these clements. The only elemant mtltused

that might be importsnt as an indicator is selemium. Ransome(1509,

p. 134, 166) notes that selenium was found in tellurfium-bearing oxidstion
preducts from two mimes saveval miles norvtheast of the main distriet.

Lovy (1968, p. 131<132) notes an unidentified selenium-hesring sinersl
Feidretl #8 thcluaione in anldfinldies,




Figure 5.~=A-I. Element abundances in unaltered dacite, unoxidizad

silicified dacite, and unoxidized ores.




Regarding irom, silicified dacite samples bear pyrite, much of
which replaces former mafic minerals. Since the iron of cthis pyrite
probably came from the pra-existing mafic mimerals, it is wvessonable
that unaltered and silicified dacite have comparable amounts of fbPon,
even though their miveral assemblages are vastly different. Average-
grade ore samplee have some pyrite associated with quartz veins and
open-cavity fillings, im addition to that which replaces former mafic
mincrals in the silicified wallrock. Highegrede ore sampl s, on the
other hand, have much stibioluzonite and other ore minerals but
relatively little pyrite, so these samples contain the smallest amounts
of iron., Cobalt, chromium, nickel, and vanadium change little through
the groups of samples. Cobalt aad nickel (Ramdohr, 1963, p. 779)
probably are retaimed in ericc along with irom. These two elements
are not, however, notably less abundant in the high-grade ores, as is
the case with irom; small amcounts may have been imtroduced iumto the
high-grade ores along with the abundant base and precious metals found
therein. It is not clear vhy chromium and vanadium ave not stroagly
depleted; we do not kaow which mineral phase(s) they peside in.
Vanadiunm in the oxes could reside in tetrabadrlte~tammangits ox
stibjolusonite; substantial agounts of va:n.ndiun o¢cuy in solusite
(Cua(Sn,V,A8)S.) , a mineval closcly related to both the luzonite and
tetrahedrite~tennantite mineral series (Levy, 1968, p. 129).
Magnesium, calclum, sud manganese each show a prowounced and progress-

ive decrease, landicating that depletion is dirvectly related to

intensity of hydrothermal activity. The same o tiue of titanium,
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Figure 6.--Element abundances ir unaltered dacite, unoxidized

silicified dacite, and unoxidized ores. A, Cu, Sb, As, and

Bi. B, Te, Au, Ag, and Zn. Cs Sun, Pb, Hg, and Mo. D, Cd.

E, Fe, Mg, Ca, and Ti. F, fa. G, Co, Cr, La, and Nb.

H, Ma. I, Ni, Sr, V,




barium, and strontium, except that each of these shows little differ-

ence between unaltered and silicified dacite samples. Thin sections

of the silicified dacite samples show that titenium is retaimed in

leucoxens (fine-grained anmatase, Tioz) or in some cases putile Crioz),
and barium and strontiws are retained in barite (BaS04) or celestite
(Sraoa) or both. Barite and celestite form a coutinuous selid solutioca
serics, but matural mimerals are generally nearly pure BasSQ, or SrS0,
(Deer and others, 1962, p. 187-188, 197-198). The barite-celestite
series mimeral(s) recognized in thin section are too fine-grained to
separate easily for a mors exact composition detcominatiou. It is mot
surprising to find barite (or celestite) along with the abundant
alunite (KAIS(OH)6(804)2) in the silicified vocks, since all these
minerals are sulfates. Alunite abundance genmerally decreases with
increasing amounts of ore miperals, and barite (celestite) probably
decreases also. Lanthanum, niobium, and yttrium apparently are
depleted relative to amounts in fresh dacite, but little eslse cam be

said with the data available.

(p. 28 follows)




Titanium, bariem, and strontium arc potential negative indicators

of gold metallization. These elements might be depleted, however,

by particularly strong or lomg-enduriang hydrothexmal activity without
metallization. Use of negative anomalies, furthemmore, requires
particularly careful chemical amalysis, and involves greater
difficulties in interpretation than use of positive anomalies; so

these elements will not be comsidered further.




is ¢ e-rolated oloments in the oxidized zone

The pravious section of this report eatablished that copper,
antimwony, arsenic, bismuth, ellurium, gold, silver, zinc, cadmium,
tin, lead, mercury, and molybdenum characterize metallization at
Goldficld., The following discussion examines the relationships between
most of these alements in oxidlzed rocks of the Combination and
January minmes. It is particularly important to see whether thease

clements form primary auvcoles or secondary halos around the oye

vodizs, and how closely related such elements are in the aureoles or

/

halos,

-/ our uge of the terms "primary,” "secondary,” “aureole,” and

"balo"” 1is the same as that of Howkes and Webb (1962). Since the
Goldfield deposits are epigenetic (and hypogenetic), our ugage is also
comcordsat with revised definitions of the terms "primary," and

"secondaxy" proposed by James (1967).




Plate 2 is a geologic map of the open cuts at the Combimation and
January mines, showing rock types, structural features, and hydro-
thermal alteration zones. Sample localities are shown om plate 3.
Specific localities mentiomed in the text are numbeved separately, and
these numbers are given on plate 2 and the geochemical maps, plates
4-13.

The 278 samples that provide the data for this part of the report
were collected about & feet above the floor of the large cenmtral cut,
the smaller northwastur¢;ost cut, and the northwestern part of he cut
east of the Combination shaft (see pl.2). Much of the latter cut is
occupied by now-caved glery-hele—amd 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 liargely, scarps
left by blocks that broke off and slid or fell into the large caved
area. Rxcept 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. All rock exposed in the cuts is within the upper part of
the oxidized zone. The depth of oxidatiom at the Combinationm mine is
130 to 140 feet (Ransome, 1909, p. 177, 216), and water was encountered
at 210 feet when the shaft was sunk (Gollins, 1907g;p. 398). The depth
of oxidation at the Jamuary mine is 180 feet and the originmal water

level was 160 feet (Ramsome, 1909, pl. XVI, p. 187, 219.
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Opem workings, some forming precipitous holes, intersect the cuts

at 14 locations. Six of these lie within silicified rocks along the

west wall of the largest cut between localities 1 and 2, Field

exemination indicates all of these are probably old stopes. The

seventh location (loc. 3), at the southeast end of the large caved areca,
in argillized rocks, is probably an access drift. Three more openings
are located on the wall of the largest cut, between localities 4 and 1,
and conmect with the large opeaing at 1, The last four appear im the
vicinity of locality 5, and were probably owiginally intercommected.

All the workings vepresented by the latter two groups of openings are
tunncls that iatersect the ucarly vertical cut wall at various elevations;
the sevaral mear locality 5 almost overlap when projected onto a
horizoacal plane. For simplicity, therefore, these workings are mot
included on the plates. To place the resulting problem of samplimg

)
bias in perspective, 12 of the existing gamples (about 9 percent of

_/samples 88, 89, 90, 91, 92, 161, 162, 185, 186, .87, 194, 195.

the silicified rock samplesg) came from the walls or floors of stopes,
and probably contain less gold and other gold-related clements than the
minad-out rock would have, Furthermore, several additional samples
would have been taken in the vicinity of locality 5 if it had not been

previously disrupted by mining activity.




Petrography of the oxidized samples

The | <o -ion ct -
The (January<Combination cuts expose soft clay-bearing altered

rock and hard silicified rock equally well; both are the products of
hydrothermal alteration of dacite and amdesite. Since no samples were
collected from the few smell exposures of altered andesite, this
section describes omly the petrography of altered dacite. Thin
sections from 30 of the samples from the cuts and X-ray diffractograms
for 112 of the samples from the cuts provided the petrographic data
wvhich follows. Three thin sections from rocks cutside the Combination-
January area provided the data on unaltered dacite, The altered rocks
at Goldfield have beca described in detail by Harvey and Vitaliano
(1964).

Unaltered dacite is characterized by porphyritic texture, with
20-25 percent plagioclase phenocrysts 0,3 to 10 mm in diameter, about
5 to § perceant each of biotite, hornblende, and augite phemocrysts as
much as 2 mm long, 0.5 to 1 percemt corroded quartz phenocrysts as much
as 2 um lomg, and 1 percent opaque grains 0.1 to 0.3 mm in diameter.
The plagioclase phenocrysts show normal oscillatory zoning, and have a
bulk composition of about 4n50. The groundmass is one-half to twoe
thirds microlites of sodic labradorite, a few percent mimute opaque
and mafic grains, and the remainder glass, The groundmass shows good

pilotaxitic texture.




Soft, clay-bearing ultered rocks, although considered a single
group for geochemical comparisons, are described here in two subgroups:
those that comtain montmorillonite, and those that do wot. Mont-
morillonite-bearing rocks, restricted to a small area wnorthwast of the

Combination shaft (pl.2), have plagioclase phenocrysts that are partly

to alwost completely altered to aggregates of 1 to 10 p-long illite

and nontmorillonite grains. Illite flakes and leucoxene granules
replace biotite. Illite, leucoxene(?) or opaques, and in some cases
minor quartz replace hornblende and augite. The groundmass is an
aggregate of 1 to 5 V-dia:;car quarcz grains and 1 to 10 p-long wonmt-
morillonite, illite, and in some rocks kaolinite flakes. Crystals of
jarosite 2 to 10 ¢ in diameter are scatterad 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 zone described by Harvey and Vitaliano (1964, p. 568).




Clay«bearing rocks with no montmorillonite contain abundsnt illite
and various amounts of kaolinite. In rocks with appreciable kaolinite,
this mineral replaces the plagioclase phenocrysts with aggregates of
crystals less than 3 @ to 50 g in diameter. In most rocks illite also
occupies the plagioclase phenocrysts; the amount varies from a few
flakes parallel to former crystallographic plames to 80 percemt of the
crystal, imtergrown with the kaolimite. Biotite is replaced by illite

and leucoxene; hormblende and augite are replaced by leucoxene, hematite,

and minor quartz. The groundmass is an aggregate of IO-Y quartz grains

with as much as 20 percent 1 to SHP illite and as much as 30 percent
diffuse patches of very fine-grained kaolinite. Scattered 1 to 5-9
granules of hematite, leucoxene, and in some rocks 10'P jarosite or

barite form about 10 percent of the groundmass. These clay ~bearing rocks,
which belomg to the illite-kaolinite subzone of Harvey and Vitaliano

(1964, p. 568-571), are the product of more intense hydrothermal

alteration than the montmorillonite-bearing rocks.




The rocks mapped as silicified rocks constitute the second group o s m e
used for geochemical comparisons (pl. 2). They are wicrocrystalline
quartz with 15 to 65 percent alumite and kaolinite. Most rocks contain
alunite and kaolinite in 10:1 to 1:3 proportioms, but some have no
kaolinite. Typically, alunite and kaolinite form about ome-third of
the rock, but it is denmse and haxd, rasembling chert, because most of
the alunite and kaolinite is localized at the sites of former plagio~
clase phemocrysts, and sometimes former biotite phenmocrysts. Samples
with wmoye than 50 percent alunite and kaolinite become relatively softJ
because these minerals become important in the groundmass; these rocks
are indistinguishable in the field from nongilicified clay-bearing
rocks. Twelve such samples, found locally at tle margins of wisibly
gilicified zones, are included with silicified rocks on plate 2. These
alunite~ and keolinite-rich zomes are always substantially thimmer

then the harder silicified zomes adjacent to them. Former plagio-

clase phenocrysts in silicified rocks are randomly-oriented aggragates

e
of 20-co lOO"y-widu alunite plates with 25 to 80 percent quartz (10450p)

and kaolinite (2?}10 #). The former groundmass is a 2{;020 § aggregate of
quartz with 10 to 50 percent alumite or kaolimite or both, alunite
generally the more abundant, and scattered gramules of hematite,
leucoxene or rutile, and in some rocks diaspore or jarosite. Bilotite,
hornblende, and augite are outlined in the groundmass by subhedral
areas containing 20 to 50 pevcent hematite, lencoxene, br rutile, and
rarely jagosotes In some rocks, however, bilotite is thie site of coarse

) I g

platy alumite with 20 to-30 ‘percent fime-grained leucozsue or xutile,

35 {p. 35a follows)




hewatite, and minor quartz. The silicified rocks belong to the alunite-

quartz zome of Harvey and Vitaliamo (1964, p. 571). They fomm

erudely tabular bodies which represeat the rocks immadiately adjsacent

£o the fissures that conducted hydrothemmsl solutions,

35a (p. 36 follows)




All the altered rocks show moderately to well-preserved realict

textures yegardless of imtensity of altevation. Relict quarts

phenocrysts vemaim in all samples.




Blement distribution maps

Rocks affected differently by hydrothermal activity oftem show
pronounced differences in amounts of ore-related elements, se plate 2
is used as a base for the element-distribution maps which follow. The
cuts generally parallel the vein system, but they expose ome section
approximately across strike immediately northwest of the Combimation

(see /?&',,p/s, 3-13)

shaf5$ A geochemical profile for this section is shown for each
element along with the geochemical map io help bring out relationships
between the winor element distributions and various alteration and
structural features, and to show the degree of contrast between
watallized silicified and nommetallized argillized rocks, which may
also be expressed as "anomaly-height to background ratio,” or “anomaly
contrast.” The histograms accompanying cach geochemical map serve to
shov the relative amounts of each element in silicified versus argill-
ized rocks. The histograms also show the relative numbers of samples
included in each range of values represented by a different map sywbol.
Distribution maps are imcluded for gold, lead, silﬁr, bismuth,
mercury, arsenic, copper, molybdenum, and zine. Tellurium and antimony
are not imcluded because replicate amslyses indicated that sample
preparation and extraction problems affected the atomic absorptiom and
colorimatri;: analyses for these elements. Replicate detemminations
resulted in values from 10 to as much as 100 times higher than the
first determinations. Possibly tellurium and agtimony in these rocks

are very fimely divided and were not quantitatively liberated from the

quartz matrix with the original grinding end extzaction procedures.

¢p. 37a follows)




Unfortunacely, the original splits for many samples were, deplated
before this problem was satisfactorily solved, so the data is mot

worth cxamining in detail. The limited data available suggests,

however, that both tellurium and antimony are enriched in metallized

silicified rocks relative to surrounding argillized rocks. Cadmium
and tin, the two remaining potemtial indicator elements (ignoring
selenium) , ware not imcluded because only 17 of the 278 samples from
the cuts had 3 ppm or more of tin, and nonec of the samples had as much

as 50 ppm of cadmium.

37a (p. 38 follows)




Gold
All but three high gold values (greater than or aqual to 3 ppm)

and most intermediate gold valuss (1 to 2.9 ppm) are in silicified
vocks (pl. 4). The three high values in argillized rocks are all from
fault or shear zones adjacent to silicified zones (see locs. &, 6, and
7, pl. 4). Of the six intermediate values in argillized rocks, two
are from fault zones between argillized and silicified rocks (loc. 8
and fault at loc. &), and twe more are within 5 feet of silicified

zones, but are mot associated with strong structures (locs. 9 and 10).

The remaining two intemmediate values, at locality 11, are at least

20 to 30 feet southwest of the nearest silicified rock coatact exposed
in the wall of the cut or projected along the floor of the cut toward
locality 9, and are not associated with structures. All remaiming
samples from argillized rocks have less tham 1 ppm gold; many have

J
less than 0.1 ppm.

wfﬂote that the detection threshold for gold for samples from

the cuts is 0.1 ppu, whereas it is 0.02 ppm for the unaltered dacite
samples and unoxidized silicified rocks discussed im the previous

sectiomn.




The histograms reflect the substantially different amouats of
gold in silicified versus argillized rocks. The geometric mean for
gilicified rocks, 1.3 ppm, is wore tham 10 times that determined for
argillized rocks, 0.1l ppm. The frequency distributiom for silicified
rocks is relatively symmetrical, with a rather broad peak between

: 2\
~4,00 and -3,50 log percent {between approxipifsgh 3 ppm). 7% ore
samples had been available from the 12 locatioms at which old stopes
intersect the walls of the cuts, the upper tail of the histogram,
representing values of 10 ppm or wore, would presumably be somewhat
larger. A large number of values appear at the left end of each gold
histogram, just above the detection threshold. Most of the readings
that contribute to these large frequencies in the class interval
fmmediately above the detection threshold are readinmgs of "0.1 ppm."
In fact, 44 of the 278 samples were read as 0.1 ppm, whereas only 17
samples were read between 0.1 and 0.2 ppm. This suggests that

analytical discrimination was poor for samples near the detection

threshold, Consequently, both readings of “0.l ppa" and “less than

0.1 ppm" are givem the same symbol on the map.




Silicification alone is by far the wmos: important feature associ-

ated with relatively high gold values, but the eilicified momes do mot

show uniformly high values. The west edge of the vein system, exposed
between localities 12 and 1 and om the wall to the west and morth of
the Jamuery shaft, shows the lowest values. The small silicified
bodies at localities 13 and 14, im the banging wall of the main vein
system, also show low walues. Along the wall between localities 6 and
2, even though the gold temor is relatively high, many adjacent samples
have substantially different amounts of gold. Moving southeastward
along the vein system, individual exposures seem umpredictable:
relatively high values appear im the vicimity of locality 15, low
values at locality 16, and high values again east of locality 10.
Localities 7 and 3 ara each represented by only ome sampla; more
information would be needad to categorize these outcrops. The geo-
chemical profile, which imcludes locality 15, shows pearly the maximum
anomaly contrast that one would expect to see between metallized
silicified rocks and argillized rocks, unless the sampling encouatered

ore-grade material.




The geochemical profile shows a sharp break within the large
silicified zome at locality 15, producad by am isolated very low
reading. Irrvegularities like this, but usually less promounced,
apparently must be expected. The variations between adjacent semples
seen locally between localities 6 and 2 have already been mentioned.
The partial profile seen betweem localities 1 and & provides another
aexample. Geologic processes must account for most of this variatiom,
producing "bumches" of gold at the scale of am outcrop or evenm within

W
a hand specimen, but sampling error may well be a factor also. Gold

_/""Sampling error" refers to variation introduced into the data
by samples or analytical portioms of samples that are mot truly
representative of the localities from which they were takem. "Amalyt-
ical error,” om the other hamd, refers to variation introduced into

the data by imprecision im the laboratory amalytical procedure.

for atomic absoption analysis was extracted from omly 2 gramsef
4 4 "ddh‘tﬂl-(l al [ Wion ehg Pnvein donallin 'I:j'l('. 5] -‘(’n.; f-'uafl-(.i L‘/f?',f}éd 3
semple ,"which was 2 to 3 kg. Gold was separated from approximately

ouz-nalf-kilogram portions of the three samples having the highest
.
gold values: the largest gold flake recovered was 0.07 mm im diametcr,

—/Data provided by William J. Keith, U.S. Geological Survey.

Applicable here is the diagram prepared by Clifton and others (1969,

p. C8) relating gold particle mass (and particle diameter, for both

spheres and flakes) to size of analytical portion expected to contain

41 {(p. 4la follows)




/
20 gold particles for samples of various trie grades. Their diagram

i

" CGlifton and others show that if a semple comtainms 20 particles
of gold, it is 95 percent probable that the true gold value will be
within a vange of values from approximately 50 percent more to

approximately 50 percemt less than the value obtained by chemical

analysis,

shows that sampling error is sccepteble for 0.07 mm flakes only if the
true grade is larger than about 10 ppm. Gold f£flakes not quite twice
as large (0.125 mm) or gold spheras of about the same diameter (0.062
ma) would produce sampling error for rocks having & true grade less
than about 30 ppm, which is nearly the same as the highest reading

(29 ppm) obtaimed in this study., Most of the gold is probably smaller
than 0,07 mm and most 2-gram amalytical portions probably contain more
than 20 particles of gold, but it is likely that a relatively few
larger gold particles significantly affect the readings for samples
with more thaun 3 ppm gold. Pire assay, utilizing 29.167 grams of
sample, would avoid sampling ervor for samples with true grade above
C.5 ppm, 1if the largest gold grains wexe 0.07 mm flakes, or for samples
with true grade above about 4 ppm, if the largest gold grains wera

0.07 mm spheres. Since the main objective of this report is delineating
indicator elements for gold, some sampling ergor is not objectionable,

but for a precise detemmination of ore grade, fire-assay analyses would

be necessary.

4la (p. 42 follows)




With the foregolug discussion in wmind, it is of Interest to
estimate the grade of ummined silicified rock exposed in the cuts,
using the data at hamd., The geometric means calculated for various
elements in the several data sets discussed in this report are suit-
able for comparison with one another}bu: they are mot the best esti-
mates of true abumdances (see imtroduction, p.2’ ). For minor-clement
data obtained from groups of rock samples, the geometric mean is
always less than the arithmetic mean, uhinh generally gives the best
estimate of true abundance. Sichel (1952, 1966) developed the t
estimator specifically for evaluatimg ore blocks in South African gold
minzs. It is ecssontially an estimate of true abumdance derived for
data showing a logmormal frequemecy distributiom. To obtaim t, the
antilog of the geometpic mean is multiplied by a correction factor
approximately proportiomal im size to the antilog of the geometric
standard deviation but also partly determiuned by the mmber of samples
(sce discussion by Miesch, 1967, p. B7-B8). As mentionad earlier,
the resulting t velue is somevhat smaller than the arithmetic wmean ome

5
would caleulate using untransformed data, and/lnot as strongly

iufluenced by relatively few very high values, as is the arithmetic

mean (Sichel, 1952, p. 265). For the silicified rocks of the cuﬁn, &
is 3¢ppm. With 95 perceat confidence, the true abundance should be
between 2.4 and 3.8 ppm (confidence imterval calculated by method of
Alichisan and Browm, 1963, p. 50). Oume part per milliom gold at 35
dollars per troy ounce is approximately equivalemt to am ovxe grade of

one dollar per short tom; specifically’ 3 ppm is equivaleat to $3.06

42 (p. 42a follows)




per tom, and the corresponding confidence interval is $2.45 to $3.88

per ton. These amounts of gold, although subecomomic, are large

enough to commend further exploration and evaluation of the remaining

vein material.

(p. 43 follows)




Lead
Silicified vock samples show wany high lead values (200 ppm or
wore) and intermediate lead values (70 to 150 ppm), vhereas argillized
rock samples show only 5 high values and 10 intermediate values (pl.
5)., Some of the iatermediate walues ia argillized rocks are adjacent
to silicified zomes, as at locality 12 and mear localities 10 and 18.

An intermediate valus appears in a shear zone adjacent to silicified

rock at locality 15, and a high value appears in a fault zome adjacent

to silicified rock at locality 4. Four of the five high values for
argillized rocks are grouped together morth of locality 4. This group
of relatively high-lead samples has no distimctive structural or
alteration feature associated with it.

The amomaly contrast showa by the profile, is represemtative of
what one might expect alomg any traverse across the strike of the
silicified zones in the vicinity of the cuts. The anomaly contrast is
as stromg as that for gold itself, and in some possible profiles it

might well be stronger.




Consistently high lead values appear within the silicified sones
in the areascharacterized by high gold values. Between localitiecs 1
and 12, scattered high lead values accompany intermediate gold walues.
Other smaller silicified ocutcrops all show some degree of comsistency
between gold and lead values, but it would be difficult to predict
gold tenor from lead readings. The histogram for silicified rocks (pl.
5) shows large frequemcies im four class imtervals above the geometric
wean: 200, 300, 500, and 700 ppm, so the frequemcy distribution looks
skewed toward the higher values, with a very small upper tail above 700
ppm. The frequency distributionm for gold, by comparison, shows a long,
relatively smoothly-daclining upper tail above the geometric mean.
Thus even though an area may show some very high gold valuss, along with
some high and intermediate values, almost all the lead readings are

between 200 and 700 ppm. Lead values from silicified rocks therefore

give no idea about the highest gold values to be amnticipated, but om the
other hand, lead values of 200 ppm or larger imdicate that gold values
of at least 1 ppm will be found nearby (locality 16 is an exception).

A differeot method of chemical analysis offering greater analytical
precision for rocks with true lead values between 100 and 1,000 ppm
might improve the correlation between gold and lead for imdividual
samples, Lut geologic factors, rather than analytical precision, may

account for the limited zange of variation for lead in rclatively gold-

rich samples (see imterpretation sectiom, p.j/i-7/d). The appsrent

“"ceiling" on lead values has an advantage for geochemical exploration,
in that lead might well show broader, less ragged amomalies over
potential gold ore bodies tham would gold itself.




Silver
All high silver values (greater than or equal to 10 ppm) appear
Iin silicified rocks (pl. 6). Only one intermediate value (between 3
and 7 ppm) appears at locality 17 in argillized rocks associated with
a fault zone; all the other intermediate values are in silicified
rocks. Of the 8 low values (between 1 and 2 ppm) in argillized rocks,'
3 are adjacent to silicified zones (localities 15, 18, and 10), and
one other is in a fault zone (southeast of loc.'17). Almost all the
| argillized samples and 48 of the silicified rock samples (37 pércent)
| bear less than 1 ppm silver, Obviously, no notable silver halo exists |
| in argillized racks;. The geochemical profile shows anomaly contrast
typical of what might be expected many places in the cuts. Silicified
| rocks at localities 13 and 14 and between localities 5 and 12 would

not be anomalous, whereas one can anticipate that profiles run north-

| east of the January shaft might produce anomalies twice as strong as

| those shown on the profile. The gold and silver patterns in the
| silicified zones are grossly similar, even though larger areas within

| the zones show relatively low silver values.

S, GUYERNMENT PRINTING OFFICE ; 1959 O = 511171
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The semiquamtitative spectrographic data available for silver is

not precise emough to cllo.w a good detemminstion of silver temor in
the silicified rocks. Even an approximate estimate is not possible
because the detection threshold for 26 of the silicified rock samples
(20 percenmt) was 1 ppm, due to spactral imterferemce, rather than the
usual 0,1 ppm. In calculating the geometric wean for the silicified
rocks by Cohen's method, the lower of these two detectionm limits, 0.l
ppm was used, possibly blasing the result toward low valuss. Further-
more, the histogram for silver im silicified rocks is very irrvegular;
possibly more data with higher amalytical precision would show a
polymodal frequency distribution. The rasulting geometric mean shown
with the histogram on plate 6 has such a large standard deviatiom
associated with it that it has little meaning. The data does suggest,
howevaer, that fire assays of samples taken northeast of the Jamuary
shaft should show some silver values as high as I%Jtroy per short

-‘f
ton.

¥
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" Ome part per million by weight is equal to 0.0291667 e= troy

per short ton.




Bismuth

Only two argillized rock samples yielded detectable amounts of

bismuth (5 ppm). Forty-five silicified samples show readings ranging

from 5 to 200 ppm, but the majority of silicified samples (65 percent)

also have less than 5 ppm bismuth. Clearly, the 5 ppm detection
threshold provided by the semiquantitative spectrographic technique
employed is too high to provide enough data for many conclusions about
geochemical relationships. Bismuth cannot be fully evaluated as an
indicator element for gold, but it obviously shows a strong preference
for siliecified zones, and most of the intermediate and high bismuth
values appear northeast of the January mine shaft, in an area characterized
by intermediate and high gold values (pl. 7).

Only three readings above the detection threshold appear along
the geochemical profile line, so the profile for bismuth is not included

with plate T.




lerecury
“he silicified rocks of the cuts contain more mercury than do the
argillized rocks. The averages for the two data sets are not greatly
different (see histograms on »l. ©) but they are significant
statistically, at the 99 percent confidence level. Plate 8 bears this

difference out for most of the area of the cuts: silicified rocks along

the south and west sides of the largest cut, continuing into the area

northeast of the January shaft, have many intermediste (0.1l to 0.30
ppm) and high (greater than 0.30 ppm) mercury values. Throughout the

sout 1eastern (locality 16 to locality 3), silicified and argillized

rocks are simila e silieified rock east of loecality 10 has
interusediate to high gold velues, but it is expressed no more distinctly
on the mercury map tuan is calit) On the other hand, the ares
uortieast of the Japuary shaft with hign gold values certainly has the
most mercury. The consistently intermediate to high mercury wvalues
of locality 9 and between localities 9 and 11, furthermore,
west that mercury halos may extend 30 to 35 feet into argillized
from silicified zone contacts in gold-bearing areas. The width
of tnis possible halc, however, is small relative to the width of the
adjacent silicified zone: s&bout 90 feet at locality 9. Also, the
geochemical profile reveals that the anomaly contrast is very low.
The histograms jointly show that the total range of mercury values is
barely two orders of magnitude, compared to at leagt three, and

provably four orders of magnitude for gold, so one cannot expect
mercury anomalies to be very atrong. Under these circumstances,

relutively narrow halos extending into a&rgillized rocks are not
particularly valueble for reconnaissance sampling. They might be of

minor value for a detailed sampling program in a small area.




Arsenic

l'he Cutzeit colorimetric method uded for arsenic determination
has a reporting interval that becomes larger with increasing values,
but is arithmetic within certain ranges of values. Values reported
for the oxidized rocks of plate 9 are: less than 10, 10, 20, k0, 60,
80, 100, 120, 140, 160, 180, 200, and 250 ppm. Corresponding log
percent figures are: less than -3.000, -3.000, -2,699, -2,398, -2.222,
-2.097, -2.000, -1.921, -1.85L4, -1.796, -1.Tkh, -1.699, and -1.502,
Within this range of values the interval is arithmetic except for the
upper and lower ends of the range. 'The histograms (pl. J) are based

on the logarithms of the reported values, however, to avoid

overcmphasizing values of 200 ppm o more, &nd to make the histograns

more easily comparable with those on the other plates. The resulting
histograns, with class intervals determined by Sturges' rule, have

null class intervals below -2.500 log percent. Other .glass intervalere?anuer
arpni Iy, witf hot -.'fu‘n.;L.-f( Lhe Froulem unless one NEdUces the nuwmber L‘"‘F elacs [hTervals
to three or four, and this, in turn, eliminates variations shown in the

upper parts of the histograms. Such treatment also subdues the fact
that 2 disproportionate number of values for both silicified and
argillized rocks vere read as 10 ppm. "10 ppn" was reported for L9 of

the 129 silicified rocks (38 percent), and Th of the 149 argillized

"

rocks (49.7 percent), whereas "less than 10 ppm" was reported for

only 7.0 percent of the silicified rocks and 12.8 percent of the

argillized rocks. Analytical discrimination was apparently poor near
the detection threshold for the Gutzeit colorimetric test. Readings
of "less than 10 ppm" and "10 ppm" ere therefore given the same symbol
on plate 10. This same problem arose with gold readinpes near {4

nenntanu=uunrjthe gold detection threshold of 0.1 ppm, and was treated
similarly.
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ihe geometric means indicate that siliecified rocks have about
twice as much arseanic, overall, as do argillized rocks. ©Since the
problems with reporting interval and analytical diserimination produce
discontinuities among the smaller data values, as shown by the histograns,
the validity of these geometric means is questionable. The percentages
of samples read as "less than 10," "10," "20," and "40" ppm, however,
are qenerally similar Tor the two data sétsﬁ g0 improved analyses
would likely have similsar éf?ects on both frequency distributions and
both secmetric meaps. Tue upper parts of the twe frequency distributions,
claarly different, vprobably would not be substantially cnanged. Both
geometric means would likely be decreased witiy better analyses, but the

ference between them would probably not be changed much.

Although silieified rocks contain more arsenic than argillized
rocks, a8 iz the case for the preceding elements, tihe relationship
between arsenic and gold is not consistent (compare pl. 9 with pl. 4).

P

Internediate (50 to 80 ppm) undﬁigﬁ (100 ppm or more) arsenic values

accompany moderate to high gold values for most, but by no means all,

sample3 nortneast of the Jaaguery shaft. Arsenic values are relatively

L ) s ;
lower thaa gold values for the eree hetween localities & and 2, relatively bﬁ;ﬁ@”f

thio cold Wa{iu€s './{,-f The daréi ZKTW’ eehn loealilies. & and 12
relatively lower in the vicinity of lecality 15, and relatively higner

-

at locality 16, The other silicified rock outcrops show a few samples
with concordant gold and arsenic values, but these are but a small

vercentage of the egilicified rock samples.




[ntermediate and hiush arsenic values appear at many localities

in argillized rocks. Some are associated with fuult zores and shear

zZoaes, but many are not. llalos around silicified zones do not exist.
Ine peochemical profile shown is typicel for argillized rock areas,
but gold-bearing silicified rocks could show greater arsenic anomaly
contrast in profiles taken at some other locations. With the small
range of variation in the data, hovever, even a profile taken in the
northwestern part of the cuts would show only modest anomaly contrast.

For weochemical exploration, arsenic is uot relisble as au indicator for

gold.




Copper

Tne maps for copper and gold (plss.l0 and 4) are dissimilar
except for a group of high-gold samples in the vieinity of loeality 20
that also show high copper values. The histograms for silicified rocks

much the same, and the two data sets have

near.y the same range of values. The geometric means are not
significantly different statiéticully at the 95 percent confidence
level, aud the geometric standard deviations are not much different.
'nroughout the map area fault zones and shear zones are not particulurlf
favorable to high copper values relative to less broksn ground.

Ubviously copper camanot be used a3 en indicator element for gold
in the silicified rocks. The geochemical profile (pl. 10) bears thais
out. [Lhe question erises whether soume arees of argillized rock with
Intermediate end nigh copper values, such as those between loealities 12
and 15 and between localities 16 and 17 represent 2 halo. One or more
longer profiles across strike would be helpful in answering this

question, but the low values hetween localities 9 and 11 and the lack

of & systembtic decrease in values from locality 15 to locality 19

ipdicate that a halo is not consistently develgped,




olybdenun

Some intermediate (7 to 10 ppm) and

high (more than 10 ppm)

wolysdenum values are scattered throughout the high-golii area northesast
of tae Combination shaft (pl. 11), lost otlher silicified outcrops

now only a few acattered intermediate

and high wvalues with no

Latent relationship to gold values

overall tenor of molybdenum

mier in argillized rocks than it is dn silicified rocks. The

ediate and high molybdenum values in argillized rocks are also

about half of these values are

e assoclated with faults

, near locality L, at locality 6,
near locality 18, and south of locality 16).
Wo eoherent halo rgillized rocks The geochemical
profile demonstrate molybdenum values cannof be predicted on the
bagis of alteration and structural criteria.




aline
Except for & few scattered intermediate (50 to 90 ppm) and high

(100 ppm or momw) values, zinec is relatively scarce in the silicified

" r 4
rocks (pPl. 12). Intermediate zinc values appear near gilicified zones

between localities 12 and 19, 10 and 17, and at locality 11, suggesting
hat zine may form a geochemical halo. As is the case with cdber,
however, other areas near gold-bearing silicified rocks, particularly
between localities 15 and 19 and between loealities 9 and 11 are not
enriched in zinc, so again a halo is not consistently developed. The
group of intermediate and high values found along the cut wall east

of locality 14 and 100 feet northeast of locality 18 shew no systematic
relationship to faults or shear zones,

lhe geochemical profile for zinc is not particularly informative,

80 it 1s not included with plate 12.




Interpretation of the geochemical maps: Caparating effects
of hypogene and supergene processeﬁ
General

The distridution of gold and other ore-related metals im the
Combination~Jaguary cuts is the result of two processes: hydrothermal
glteration culminating in metallization, and oxidation. Here
metallization is a primsry (and epigenetic) geochemical dispersion
procesg. Oxidation and accompanying dissolution and redeposition of
the eplgenetic elements constitute a secondary ;:;eochem'ica.l dispersion pia

process. The objective of this section is to determine to what extent

the wap pattern for each element is the result of secondary rather

than primary dispersion proceases.




The Ogldrield hydrothérmally -altered rocks, both silicit;ed;and.
argillized, have ubiquitous pyrite (Rengome, 1909, . 113-11#1 end
our observations). In the prevailing arid climate, susrface vataw
descends to the water table, reacting with pyrite sbove the i#tar
table to yield Feo', Fe ', HSO,~, and 80, UBualiy most of the iron

reacts further to form limonite minerals (hematite, Fe and

2933
goethite, ¥eO(OH)). Where ore is exposed to meteoric waters, otber
sulfides end sulfosalts are also oxidized to y‘eld metal cationz nnd
sulfate ion (SO, ¥). Studies by Bass Becking, et al. (1960) on nine
waters, and by Sate (l9b0) on mine waters and on experimcntal omidatian
of iron and manganese Indicate that Fh values in oxidiz ing aulride ore
deposits may be as high as +0.6 to +0,86 wolt with low accompanying pﬂ

values of 2 to 3. Aoy metal whose compounds . (hydroxide, carbon&&e

chloride, and particulariy BLlfate) are 3olublew! in vhese aqpuous

FOOT@HOTE NEAR HERE

solutions ﬁ&vlng relatively high Eh end lnH‘p? will be more or leaa:
mobile in Epia environnﬂav. Highly mobile (soluble) elements, such as
copper, may be thorpughly leached, dest xaying thelr prima:y ﬁisnersion -
patterns. Metals haviag intermad*ame mobility, such as mnlyhdanun,;gtg_
tpansported only short distances and precipitsted; some along with

limonite. ‘Bome mebal éationz sre easily reduced e the native metal

and preciﬁitated (meweury), or form stable compounds that reoain

essentially in situ (lemd). The latter elements should reveal relict

primary dispersion patterns. Copper, aad gilver to a lesser extent,

56" (56a follows)
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~ Carells and (hrdst (19£5) consider a species with en activity

-

R ; . % LS ! : !
of 10 "M or greater "soluble” in the fremswork of geologic processes.

e it Ao i




way be redeposited below the water table to form & supergene .. -

ehviehment wone. The ganplos from: the cuts, however, lie appr@&imately

in a plane parallel to the ground au.rfa.cé and within the uppe)fpart

' of the oxidized zone, so supergene enrichment effects can b&";ﬁléd
out. Ransome (1909, p. 170-1T74), in describing oridized ores:ﬁnd
changes in the.ores with depth, do2s nol mention supergene enyrichment
st or near the water table. lLeaching effects should be es_smtlis.lly “the ..

ghme in rockg of the ¢uts as. at the zppund sarface.

s6a (¥, 5T .tollews)




A number of authows give relative moblilities for many @6 the

metals belng considered here. Figure G.SQmmarizet Information gliven

f

by three suthors, who Heve {n tuwn assenbled dats Prom other sohruaa.

FIGRVE ‘6 HEAR HERE

The figure shows thet we may expact zine o be bighly mnbil#,;cbpjer
and molyﬁdaﬁum Lo be noderstely to 'highly mobile, s;lver ﬁnd.éo;d_to
be moderately mobile, arsenic to belmobile to moderately ﬁﬁﬁilg;_aﬁd
lead, bismuth, sntisony, aad tellurium to be immobile. Kfauﬁ?o@t'(196T)

and: Hawkes and. Webb (1962) agree that Hg should show low mobilityl$ﬁ‘

solution, but Hawkes and Webb indicate that Hg may be very mobile in

the vapor phase.







buring oxidation, proundwater pessing through rocks bearing

pyrite and obner aulride miuwrnls dissolves and carries away mobile

elenceuts., asccomplishilng lenching. Where such groundvater encounters

mine workings, it evaporates, leaving coatinzs and crusts of hydrated

sultfates which incorporate tae neteals actively being leached (see

for cxample Loveriuz, in Morris and Lon ;. 1352). Such coatings
common on the walls of mine workings beneeth oxldizing sulfide

ore uodie and nydrated iroo sulfntes are usually the most abundant

constituents of the coatings: tnese hydrated iron sulfates, formed
fnitially by the oxidation of nyrite, are intermediate products that
are oventuelly converted to nematite and moethite (Blanchard, 1968 ,

Chapter 9, D. 51-55). Eight samples of gsecondary hydrated sulfates

froi. walls of woriings in tae ['lorsnce and fig. 2)

relatively large ts of copper and zinc, lesser but
amounts of bismuth and molybdenuam, ond cobalt, nickel, and mangenese
Houe of the seven hydrated iren sulfate samples contain as
as one part per millioun silver, put the gypsum sample contains 3
ppm silver. Noue of tne somples has as much as T ppa lead. The
detection thresholds for gold (15 ppm) , arsenic (200 ppm) , antimony
Sum (1,000 ywm) are too high to allow significant
zed, except for antimony in gypsum (700 ppm). All

tne sulfhtes sampled except

they were séeparatec and eleanad by hand-picking; consequently not enough
naterial was available for exteaslive chemical testing.
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oat of the mine

from wvhich the sulfates came were put

in between 1003 and 1905 (Ransoms, 1209, p. 225.220 and plate JXXV:
fartin C. Duffy. oral commua., 1Yuu). The tunnel from whieh samples

cre

sscut drivea about 1919

the Florence mine generally

follow a north-trending szilicified zocas which forms the

southern
sion of tiae

Cowbhination vein system, as

, 885 previously mentigned.
.cifted zone and or« it Aip steeply, and the
orzuce shaft passes close ifiel zone from the surface

168y dowT

fidized to the

+ Gy A e
Lae l/[.J—L\)Ou

ensome, 1909, p. 227).

weter has enterad least 1998

at the
F-350-9 form
probably wet at some
elded fluffy

nege gpparently form in

groundwater reach the

salls and evaporate.




md 100 feet beasath and to the

anst of the stope developed uncer the Sweeney le

gse, one of the largesti

sinsle ore bodies in the distri Ransome, 1909, p. 154 | 225-228:

devmont Mining Corporabtlc apub, maps). Localitiges r.350-3 and P-350-4

1ie sbout 120 to 200 feet from a Oweeney atope, being a few tens
feet to the south and esst of a vertical projection oi the stope to
the 350-foot level. Another smaller stopeé es approximately 6C to 100
we south of tlese two sample localities.

atove the localities was entirely of

Tocelity F-35C is from the

continue northeast into

socalities

weeney stope. No ore bodies are kKnown to have been mined
ha ground i tately cbove thiese s&mpl Thus the sulfate
Low-grade
h-rrade ore,

(47




awit rabtlos of elements shown in teble 1 with

aying amounts

the potential indicator elements

and ratios shown in figure 5,

amoun L9

RIGUR M-S RBAR— e

z0ld ean be quaelitatively arranged in order of decreasing mobility
as follows: zine, molybdenum, copper, bismith, silver, lead.
Inforastion 1s inadequate or lecking for gold, arseaic, nnd mercury. Thais
arrancenent must be approximat nemical information is

lacking for averagze-grade orcs takea from the Florence wmiue. Bilver
ores from the Florence (Ransome, 1909, p. 230),

riuaually acny

X 3 At
‘ndicated.

3 "-'li il G
secondary sulfates were
”

ing (in Morris >) to determine super

LWOVEIr1lE

mobilities of gold,

wellrock

R v
gitrierenc




-on and manganese are included in figure & because they are botih

FIGURL ?.":.-4’-‘,{@,.}33‘;‘9:_‘..
|y i i

v oxidized and precipitated as hematite,
se oxides and hydroxides Several other
arsenic., copper, molybdenum, &l
sinerals or adsorved by them (Mawkes and
ince Liese four elsments are potential indicator elements for gold,

it 1s appropriate here to discuss the digtribution of iron and

mangancle in the rocks of th2 Combination-January euts.




‘any adgh ana very high iron values sre ussocipted with fault
Zones, but themajority of such velues are not (sece pl. 13). Iron does
not seem to showv consishent preferences for any lithology or structural
environment. The wost iumportant thinc to note is tuat unaltered dacite,
unoxinized silicified ¢ - unoxidized averape-grade ares contain
5), but the

of the cuts
averaze ouly 1.0 and 2.2 nercent iron. reapeectively (see distograms ,
Pl. 13). This means that even thougn hematite and limonite stain many
of the cuts leuously, muck iron has been removed.
Figure 5 shows that esseatially ell iron is retained during aydrothermal
ion and ore deposition, except in the high-rrade ores, which
in relatively small volumes: the iron removed fram the cuts,
must have peen leached during
1iized argillized rocks we have examined from the ¥lorence mine

sewiaere in toe Qoldf i alte area, pyvrite mostly revplaces

. P

230 minerdls, Just a3 It does in unoxidized silicified rocks.
-2 weounts of diron in gilicified and
tlar, so the silicified rocks were
more sirongly leached i1 th rgillized rockxs. The most likely
explanationa for thi a 4! small post-alteration fractures

arnad

enall. open in the siliecified K5, wvhercas in argillized rocks they

e
i 4

diverse orientations,

along the cut walls,

Lhey are so abundant that fram distance the rock looks

Oha Pollows)




L a2 o e e e g B o a0 S8 S

Ureeeins—vithamsitiar frarrenty o firesgrained matrix). The same
smwall fructures in ergilliszed g, on the other hand, nre mueh tignter
and can only be seen readily on freshly excaveidd surfaces from a few
feet ayay, The hiztograns show that both silicified and argillized rocks
wide range of iron values. Probably differences in porosity,
L other proj ’ affectinzg movement of ground water
cround vater 1utions would have to be conzidered
present
obvious differences

. /

1zed rochsﬁJ ias
exception is the advaanced argillic rosks (12 samples), included
heir alunite~hearing mineral assemblages.

=

iilar to argillized rocks (zsee P 35).

snuate for eva’ vilese fac even though it
hes undergone considerable
loldfield, It » be useful to

Lhe 1ron map witl 1e maps for potential indicator elements to

assesas Lthe extent of supergene dispersion of each element,

6ka (p. 65 follows)




anpanese should benave in the same way iron doeas luring oxidation

Manganese, like iron, is depleted in silicified rocks

rocks (average 75 ppm) (see

but menganese, unlike iron, is strongly sand progress-

dueing aydrothermal alteration and ore deposition (see

scussion, p. 2F). It seems likely that menjganese was

renoved from both silicified and argillized rocks of the cuts during

aydrotiermal allerati and probably more was removed at that time

to 300 ppm manpganese appears in the secondary

rreviously deseribed, indicating some wowement during oxidetion,

arolebly removed during both hypogene and

of little use ermining whether

other eloements have equently a
pangrnese distribution 1d manganese will not bte

conglered furthar.




“inally, before discussing individual potential indicator elements
it iy convenieat Lo introduce correlation mestrices for these elements

and iron (fig. 7). A correlistion matrix facilitates making comperisons

upper triangle of each matrix #ives the correlation

coefficients. The lower triangle gives the number of data pairs used
ior calculating ench coefficient: where eithe or botl: data values of
4 data pair were outside the detection mits, that data psir was

iy

Jected., The maximum correlation coefficien ls 1.0, correspofiding

Lo . penienteorpopponding 4o o rlfec orrelation, in whiech case ranked

EX4TT o amry Y & e .
Llae8 0O 8¢ ‘.r\IJl-:u 107

coTT

positive correlation coefficients large enougn
Litute significant positive correlations, or are all the
correlation co=fficlents elose enouglr to ~1 to constitute

negative correlations. A » number of data pairs

increases , however, the smallest coefficient that may be congidered

simoificunt at a given statisticel confidence level becomes progressivelw

66 (v. 66s follows)




and argillized
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smaller,

confidence level, and coef

pvercent confidence 1 t

Lut

no

Lo l1ialcate

used. to iudicate

astatistical

ATa P Pegd
cadldldp Ra

mificant at
meanineful associc

coefficlents simmificnut

to inadicate o strone

gtatisticelly
icients
net

are each designated in the matrix.

P
Lule

29 percent

significant at the 95
at tihe 92 parcent coafidence level

A1l other coefficient

the important thlag

ortance:
considerinm the number of data pairs

of noaltive or nerative correlaticn.

Len to indicete a

zeologic

context , and

£y a4
radl

ant confidence lavel are taken
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Iin the tollowinc first, and tue

remaining ore-related eleme

are presented in order of increasingly

supergene leuching and redistridbution. We used the same order
previous scotl epsier to refer back
sectiow.

arcerine i3 rather

falls below




notential iadicator elements

The pattern for gold in the Comb inet ion-January cuts (pl. k) is

noiene dispersion processes 1ittle modified DY

gupergene dispersion, nnd therefore 1s €85 ntially a relict orimary

pattern. TDlate gshows that some parts of productive
zones were Lot ore-grade, nut most of the ore, whether

7 or oxidized (above 130 to . 10 feet depth) was frov silicified

zones. 'The fact that moderate and high gold values in the cuta are

simost entirely within silici Pied zones indicates that the gold map

e o A L AR

o y & hyp e dispersion pattern. The low-tenor

wwhern 1s esseatially
:11icified rocks of the cuts may be thought of =s belonging to a

ne gold aureole comecting end extending outward from the ore

ATy
.1‘, it 00

3 1

bodlen . but restricted To the gilielified zones. m™ie fact that the

sre bodies had agsay walle ( Rangowe Ap. 21: 218 . and Collins 1207,
u L] : ] » .

e U0

} =Y 4= R L | o e 2 e
43%) is coasistentu Wwittl




¢ gupergpene movemaent of old might bhe L:j(;l‘-(_’.-CTT.L".J.. siance gOl'S‘-
is thought to be cupable of at least an intermediate degree of mobility
Both Ransome (1909, p. 170-17h, 216) and Spurr (1905,

felt that the pold of rich oxidized ores, some of whicah occurred

: ]

with limonite in fractwres, was conceatrated To some degree during
" &

oxiddtion, but even where notuble enrichment occurred}rich sulfide ore

existed previously. All the gold-bearing samples found along faults

in ar~illized rocks {thres high and two intermediate goll values)

pave aigh irca contents due to abundant hematite or hematite-goethite
mixtures (see localities &4 (two samples), 6, T, and 8, plates 4 and 13).
The ahundant ferric oxide and hydroxide indicate that the high Eh's

(0.9 volt or nore) and low p!1's (less taan 2 to 5) necessary to dissolve

well have developed at these localities (sec Clokze and

surergene processes, or botl ince

entible to supergene

mobilization. The rrelotion diasrams (fig. 7)., however, show no
gignilficant gold-iron correlation for either silicified or argillized

rocks . indieating that supergens dispersion of gold caunnot be generally

-
i{mportant, even if goll moves short distances Lo nroduce enrichment
along fructures. This result agrees with Cloke and Kelly's (196Y4) date

on gold solubility and Krauskopf's (1967) calculations and conclusion
& k

that significant migration of pold occurs only locally and for short
distances. Even if gold moves as much as a few feet, the effects
would not be visible at the seale of sampling of a geochemical exploration

pPIOEY N,




Lead
The mep patterns for gold and lead are very much gimilar (pls. %
end 5), Lead is-éenerullv thought to be {mmobile during oxidation
(£ig. G) beceuse it forms a very stable sulfate (anglesite, Pp50y) and
carbonate (cermssite, Fb CO?). It is not found im supergene sylfates
from the Florence mine (p. 53, &1). The lead paettern is certainly &
hypogene dispersion pattezn, and englesite is likely the predominant

le&d-kuaring_miuer&l in the oxidized zone. Lead has & tendency to

show swmeller chaunges vetween adjacent samples taad does gold (compare

geochemnical profiles, pls. 4 and 5), indicstifue thet lead is more
evenly distributed through the rocks toan gold is. gince lead should
ve less mobjle than gold dw jng oxidationy we imfer that this is
mainly, if not entirely a hypogens rather than Supergene fecture. The

correlation dlagrams SUOW th zold and lead are correlated in argillized

rocks and strongly correlated in gilicified rocks.




Nwo featured shown by the histograms for lead (pl. 6) ere presumably
tae result of hypogene processes: the megatively skewed distribution

/
of logarithms of lead values in silicified rocks, ment { ondddearlier

..1;}.
(p., RESHT), and the bimodal distribution of lead in argillized rocks,

™
“he histogram for gold in silicifie ¢<s has & distf ct upper tail

which would be evern bhetter developed if mined-out orefbodiea intersected

by the cuts had been sampled, Witi the strong correlation Detween

lead and gold in silicified rocks znd the similerity between the lead

end gold maps, we would expect tine histogram for lead to show & better-

jeveloped upper tail. The histogram for lead in silicified rocks shows

{astesd a sharp Jdrop sbove TOO ppm, with very Tew values of 1,000 popm

or more. Fipure 5 shows taet few values greater that 1,000 pom ocour

in either average-grade or high-grade ores. Arounts of lead in

these two groups of samples are similer, whereas all other ore;related

elements show at least some enriciment in tThe nigh-grade ores, and most

show considerable enrichment. Another manifestation of this apparent

"eeiling” on lead values was the paucity of lead-bearing minerals in the

ores. although some lead production is recorded (U.8. Geol. Burvgy, 1912~

1924, U.8. Bureau of Mines, 1934-1946). ' Ransome (1909, p. 112) repoxted

gulens from only a few locelities in the main district. Ho lead winerals

have heen veported in either oxidized or unoxidized ores of the Combination

Bosret, nepf pPoan

and January miuez.A_Tha reletive scarcity of lead taus seems to be
racteristic of the Goldfield district, and most likely relates to

jock of available lead &t the source of iie ore-bearing solutions. Ores

obtained in tie deeper, eastern parts of the Qistrict contagined

71 (n. Tla follows)
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wilson, 194k)

orrnation on

ores makes




Regarding the bimodal frequeucy distribution of lead in arglllized
rocks, the lower mode lies below the average anount of lesad in unaltered
dacite (17 ppm or -2.3 log percent) and the upper mode lies above it,
Tne dacite represented by tae lower mode was leabhed of iead, probably

durin: the lydrotuermal activity that produced argilliaation. Most

of the velues comprising tnég;per mode, in the range 20 to 150 ppm,

are found ia fault zoaes or within 10 feet of silicified zones or
heay”

fault zones. The 20 to 150 ppm valuesisilicified zones likely
represcut & BArrov hypogene aureole extapding from the silicified
zones o short distance into the argillized zones, If most of the
faults originated during tihe later stages of hydrothermal alteration,
the values associated with these structures could also represeat low-tenor
nypogene metallization. Je have no explanation for lacglities enriched

1eed but devoid of structure, such as that norta of locality L
where four high vulues appear. We infer that igneous lead was leached
from tne dacite during toe earlier stages hydrothermel activity, and
ore lead was added to the rezulting arsllllz ocks during the later
stages of hydrothermal activity Other e-related elements nay
have had a2 similar history in argillicze oeks it if so, rangss of
velues, detection limits, and supergene redistribn effects obscure

the bimodal frequency distribulions.




Silver

Almoat alll intermediate and high silver values are found in the
silicified zones, with the highest values in the same general areas as
those in which high gold values occur. This faet argues against much
supergene movement of silver, even though silver often shows at least
moderate supergene mobility (fig. 6). Supergene silver mobility is
relatively low at the Florence mine, as deduced from the analyses of

59

secoudary sulfates (p.;ﬁé,-ﬁ?). Reusome (1909, p. 119-120, 171) reported
chlorurgyrite (cerargyrite, AgCl) and probable minor embolite (Ag(CL,Br))
in the oxidized zone at Black Butte and MciMahon Ridge, three ‘miles
northeast of the msin district. luch of the ore in that part of the
Goldfield sltered ares wes oxidized, and yet it generslly had higher
silver-to-gold ratios than did ores from the main distriet (Ransome, 1909,
p. 246-251), Schaller (1941) reported probable ninor iodyrite in
oxidized ore probably from the Combination-Janupury area, Burgess (1911)

reported gilver halides in the Tonopah distriet, 25 miles north of

#
Coldfield. In thqﬂbper part of the oxidized zone at Tamepah, silver

was not carried far from the original sulfide ore before it was
precipitated as chlorargyrite, the most abundaant silver halidq’ﬁiner&l.
Boyle (1968, p. 188-20%) iundicates that much silver should remain in

the oxidized zones of sulfide ore deposits in semiarid and arid areas ,
with gilver balides the most abundant silver wminerals in the upper parts
of the oxidized zones. The foregoing observations point to a relatively
low supergene mobility for silver in the oxidized zone st Coldfield, and

indicate that the silver map shows essentially a relict hypogene pattern.

478 A
I3 (p. T3a follows)




Sllver and iron are positively correlated in argillized ro#ks |

indicating some movement of silver and redeposition with limonite.

Silver must therefore be more mobile than lead, The supergene mebility
of silver relative to gold is difficult to determine baszed on asssociation

with limonite, because gold is ssgzcciated with abundant limonite

minerals at several conspicuous localities, but overall, gold and iron

are not correlated (seec p. 69 ).

Th follows)




Al liougn high gold and silver values occur in the Bame Areas,
silver and gold anow no slgiificunt corrolation in atlicified rocks
or arpillized rocks. ii1son (1944) analyzed gilicified rock samples
from the Goldfield gon:glidateﬁ main vein (Jumbo EX mine, 830-foot
level), Clermont veln (Clermont rine , 225-foot layel), and from two
surface loealities, on2 O chese on the Jumbo vein (p. 6). He found
a consistent relationstiip between goll and silver in the vein on the
Jusibo £x 830-foot lavel, but found no consistent relationship
other three localities. Figure G, desimed tO explore the
cold-silver correlation further, is a plot of gold-silver ratio
nzainst gold value for all gamples from the Combination-January cuts
taat have dgtectelle auounts of both gold and silver. The polé-silver

rotios have a wide range (15:1 to 1:50), and the plotted polnts show

congideralile acatter, walc anccords with the lack of statlstical

correlintion. Annlytical erxor for both gold and silver cartainly

accounts ra d rwe scatter, as the Ghu-stazhuréldeviation
DOX2 S ne e igura show. Oampling error may he & I

ST AR

P g R

_:f_l""'ﬂ__.
S )

) . along wWitn gnalytical error. Supergene

sdigtrivbution of both cloments, even though wo congider it ingignificant
of the ceochemicel maps, srobably also accounts for soue of
tter, since leaching may have changed Lhe original podd~-silver

ore l1ess in some samples. A gignificant part of the data




FPigure 4 ~-Relationship between gold value and gold-silver ratie in

anples from the Combination-Janusry area
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(r. 75 follows)




dus tc hrpoge
also thae result of hynogene processes.
d values cannot by supergene
beczune production
{cal Survey statisties
Zold~gilver ratios were characteristic
mogerial from the muin district wnether oxidized or

-2t ore-grade

'he ore-mineral pararenesis should

outlying areas

ratios wita
Jeteralaed Lhe ore
py Fametdadiie ST 0
followed by
jdes and native golad,
veen adjacent minerals in the seguence.
»d with

hey examined, but in

the ore metals, they

eipitated sinmultaneously at the
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the ore parepgcues! fonlying thet virtually ell of the gilver

asccorpanled gold late in toe depositional sequence., Accewding to
Joldschmidt (1954, p. 190, 13h), teonsutite-tetranedrite series
— <"a-._.?, R ¢ 9 b
minerunls may bear eveu more silver tuan galena.A In the average-grade
examined, which all contain more silver than gold, pyrite
hioluzonite (Fermatinid®d) are the only abundant minerals that
fetrs Kad vite =

belon;; to the ore-miueral sequence, but small amcuats of,tennantite,

land.;robuh¢y~n¢ﬁerwsi17cr;seuring miyev&%és ere associsted with the

Excent for small emounts of bismuthinite and very
of native =zold, none of the other minerals characteristic

ores APHE: Xl

nainly in tennantite,
accompalyifAg copper conper and bigmut! ontinue into the
the sequence, fareuce, lead),
deposited lste along witi lesser amounts of silver.
suzpested two-stage introuuction of silver, we infer that
i gilver in many the cres was introduced early in the paragenesis,
paragenesis at any givea
silver introduced
niddle of the paragenesis, end
copper, deposited both eurly and the middle, overlap both early
gsilver and late gold wad lead, producing several positive correlations

betwecn silver, blsmutn, and copper, and betweea gold, lead, dismuth,

and cop! elation hetween gold and = g ead and

gilver as inted with hypogene aureocles in ' sarins silicified

COCUS ,

4










figure 8 shows that in argillized rocks, the gold-silver ratio
is generally higher than it is for silicified rocks wita comparahle
amounts of gold. llo sulfide mineral other than pyrite has been
reported from argillized rocks, nor have we observed any sulfide
other than pyrite in our few observations of unoxidized argillized
rocks in the Floreace mine and elsewhere in the Goldfield altered
area. Pogsibly the small amounts of lead, gold, and silver in these
rocks were all introduced by ore-bearing fluids late in the
parszeueais, explaining the high gold-silver ratios, but leaving
unexplained the lack of correlation between gold and silver that
persists in argillized rocks, In argillized rocks silver correlates
with iron, indicating different behavior, aund possibly greater
mobility, than it shows in silicified rocks, where it probably
forms silver halides ne2erly in situ, The strong lead-silver
corgelation in argillized rocks may also be due vholly or partly to
oxiddtion., Silver may be sssociated with leadsbearing oxidation

products such as aaglesite (PbSO,) or plumbojarosite (PbFeﬁ{soh)h(OHjloJ

+

instead of silver halides (see Boyle, 1965, p. 192-195). Since lead

moved little during oxidation, presumably the silver asgociated with
leac did pot move much either, and likely the silver distribution in

argillized rocks is still dominantly a hypogene patiera.
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dgyoury

Maeryrcury corralates strongly with gold, leal, and gilver in
s{1icified rocks and vith goid aad silver in argillized rocks (£ig. T}}
{ndicating that hypogene orocesses Were important in producing the
features seen on the marcury map (pl. 8). These relationships are
gomewint diffiecult to appreciate LY visual comparison of the mercury
map with the gold, lead, and silver maps, due to the rather small
total range of mercury values &and strongly overlapping ranges for
gilicified and argillized rocks (sec histograus, pl. 337 Mercury
also correlates with copper., &5 do silver and gold; mueh copper was
jeached during oxidation, dbub enough remeins to give correlations with

7E

ghese three ore-related glements (sce p- 9$ggq}. Mercury thus forms

a hypogene dispersdon aureole extending outward from the ore bodies

but restricted to gilicified rocks, just 2s gold, lead, and silver do.




Intermédiate anud high mercury values between localities 9 and 1l

may represest & narrdw wercury aalo around the siliclified zone exposed

&8
in the cut wall northwest of locality 9 (see p. ¥x). This is the only

arec within the cuts showing a halo, but it is, after all, adjacent
to a particularly wide segment of the Combination-January vein
system (pls. 1 end 2) and the vein material to the northwest is
definitely enriched in mercury. In this settiang, we must conglder
vhether the mercury between localities 9 and 11 originated in the

wdjacent silieified zone and moved to its present location in the gas

phase, in soluti@én «or both. Mercury probaly has low mobility in

the low pi, moderate to high Lh solutions that must have been

imvolved in omidation at Goldfield (Xrauskopf, 1967, p. 516), Diffusion

of mercury gas, therefore, should account for most post-hydrothermal

moveuent of mercury away from the gilicified zones at Coldfield.

‘“igration of mercury gus could conceivably become more important than

hypogene digpersion as hydrothermal activity waned, and contioue to

the preseut, regardless of whea oxidation took plece. Various sulfide

minerals, nowever, probably carried most of the mercury in the ores, so
little mercury wes free to disperse 'until the sulfides were

destroycd by oxidation., Gaseous diffusion of mercury might explain

the fact that differences in wercyry values between adjacent ssmples

in the cuts are mostly rather small, diffusion having evened out sharp

variations. On the other nand, the lack of distinct gradients outward

from silicified zones argue against extensive supergene migration of

mercury gas. Explaining the narrov mercury halo between localities O

f ¥ » o
(p. 80a follows)




ana 11 as Jue solely to uiffusion raises another problem: it is

hard to understand how several samples at localities 4 and 6 escaped

bein;, enrichied iu mercury, Hercury is correlated with godd in

argillized, as well as silicified rocks: this could he due either to

hypogene aszociation, or to emalgamation of gaseous mercury with

oative pold, or both. Mercury, however, is also strounsly correlated
in argillized rocks. TFree native silver has not been

' [
any geeifieldd oraes, and silver in the oxidized zome is

probably preseat mainly as silver halides, or, in argillized rocks, it

i
pay be associated wiilh oxidized-zone lead-bearing minerals (p.-é;).

With amalpamation of mercury on nat - 5f1lver ruled out, we do not
know nov silver and mercury wight be assoecisted mineralegically in
the oxidized zoue, silver, regnrdless of whetaer its association with
in argiliized rocks was produced by supergene processes, probably
still shows & dominantly hypogene puttern, so the mercury-silver
annot be taken as evidence for supsrgene
furthermore, shows negative
lenun in arglllized rocks: both
wone considerable supergene
W J-
w
ribution ia argillized rocks, as will be explained later (p. #2-
Y {0, 3 '_.“1{:;.
93, #p=390). Ve infer that hypogene dispersion featurea dominate the
entire mercury map. wugeous diffusion effects were predominant, we
oul: expect to see fewer end weaker correlations between mercury and

otuer metals in silicificed rocks, and uno significant correlations,

except possibly with gold, in argillized rocks.

0a (p. 81 follows)




the strong nssoclation betwveen uwercury and gold, lead, and

gilver in silicified roeixs, tne lack of correlalion between mercury

and bigmuth is surprising. Published descriptions of mineral

parusenesis are of no help because mercury-bearing minerals have not
becn reported from any part of the main district, even from aigh-grade

ores, although mercury definitely weas enriched in the ores (rig. 1,

Ransome, 1909, p. 113) Relatively large amcunts of mercury &are
knowu to oecur in tetranedrite-tennantite (Ramdohr, 1267, p. 5543

Chan, 1969), which could explain the correlation with silver, which

£lso oceurs in tetrahedrite-tennantite, but does not explain the

gold and lead Without a detailed investigation of

agsociation with
the cmounts of mercury in all the various ore minerals, we cannot

attempt further explanatioun.




fied rocks, aversge-grade
5, show mach more me iry in thesec

groups of sumples than in rocke from the cuts, One might conclude

ich mercury has been lost from the silicified rocks of the cuts,

cswiably by secondrry migration. We hesitnte Lo compare the data of

rure 5, however, with that f the cuts b uge the low-grade ore
ss , Floreace mine samples, and unaltered dacite samples were
rered by & d erent ] wworr using differe procedures than
from the cuts (the Ligh-gradse samples were hﬂhuagrOﬂnd).
oduce greatly different
during
1969, p. 189-191). Relative diff: es between
sameles done by a given method tend to be : i 1f the sanmples
Lreated differently saad rem aven though avbseolute amounts

4 LWl

of Lercury obtained may be coaslderadly different Inus tnere should

P b | T : i - 2 ; i ’ - e f . P P
roblemn making comparisouns between rocks from the cuts, and

tae groups of nles arown off figure 5, but we cannot compure

‘ormer pvody of




decondary dispersion oF mercury Lo rorm snomalies in soil or
other overburden above ore bhodies is very comuold and has heen documented
in many studies. o produce tnese snomalies, mercury is transported
as gas. in solution, OF by mechanical movement of mineral and rock
frarments, the I lative importa of these taree nechanisms varyin:g
frow mlnce to place, depending or permeability and adsorptive capacity
of tlie soil or overburden , climate, and topography (Koksoy and
Bradshaw , 1969). Often primary
halos, but not in .ry case,even if
re well developed (see particulaerly Fric
in th~ category of dsposilt with limitec
reoles are
gas-phase dispersion

rimary dispersion pattern. Similar

in several otler districts: Pachuco

. g " . s e . -~ g o s "
exico (Friedrich and Hawkes, 1965), Achisai, Kazakhstan

In — r o P ry 2 5
(Bradshaw and Koksoy, 1068) , and

T

others, 19GT). We aid not ettempt 2
survey for mercury 1L ne Combination-January ares hecause much
surrounding area 1s COVS ith mine dumps OT otherwise

bhed, Since nercury at Coldfield probal 1y does not move in

ton during oxidetion, and 3 relatively little has moved 1n

2 ~

whase , mechanical ¢ ~eraal of mercury ~-bearing silieified rock

the only way thal SC il anomalies could form. Low to

noderate topographic relicf throughout the altered area ond low




anomiliy contrast hetween wetallizew sili ) g and surrounding

arziilized rocks thus become two factors that lim e posgibilities

-

for eveloping mercury soil anomal

3
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Arsenic
Arsenic ie the first eleuwent TO e discussed that shows a strong
correlatioun with iron, indicating significant supergeuce redistribution.
“he arsenic map, however, 180 shows at least one definite relict

ersenic values

silver. bismuth, aud mercury. Tais
progounced than it was for the
»ing elements, and a lack of correlationwita gold,
{ sguth results, although voryrelation witlli mercury
aoted previously (p. ° 11icified rocks in otier parwus of the cuts
a eonsistent relationship between zold and arsenic,
4, residusl arsenic so taat thelr average
than the average argenic content of argillized
precediag iowinantly hypogene elements.
verace amount of an element in
rocks, as 1is

arsenic nas

underyone SOme SUpsraenc red atribution throughout tne area, glthough

tue aypogepe patiera nas Lo neen completely erased northeast ©

o
L

L2 Jaausry sShalt.




ihe arsenic-copper end arsenic-molybdenum correlztions im gilicified
becausc both copoer ané molybdenum have also
renl partly lewched during oxidation, as will be described latews
“he copper and arsenic ia silicified rocks were both derived from

stibloluzonite. -, which wés relatively abuadant even in low-grade ores.

/ tunsome's analyesis of famatinite shows almost 50 percent Cu ASSM,

3

(Ransome , 1709

actually stibioluzonite.

sntimony as well., Ho
mol. vbdenum minerals aave Leel perted the ores, so without

an:lyses for indiviuual ore minerals the paragenetic relationships of

ienum are wiknown. ar though considersble iron was removed
/

fa ft
o

oxidation (p. O5=%6€), enourh remained to

per-arsenic-unclybdenum agsociation, which

gorption of all three clemeuts o limonite
ser-#Pon sad wolvbdenum-iron correlations in gilicified
rocks), and probsbly also Lo coprecipitation of hydrated iren
arsecates (particularly :car;;ith"e(AnnL)-zxpﬁ)‘ copner and
per-iron arsenates and hydrated wrsenateg, and possibly hydrated

solybdate (ferrimolybdite, Fe (Mol ). «CH,0) with limonite.
o " h_‘; 2




i gh~grade

sulflde

gilvaer

1w

IOcks aurely

and aclybdenum

] 2 TI14d 7o
and urdlllilses




9

gilleciflied rocks

opper and

mercury in argillized ke, but presumably & er supergene movement
of copper relative to mercury is the ultimate cause. Many geocheumical
field studies, as well as laboratory studies on the golution chemistry

of copper, have shown tiat copper is moderately to highly mobile in

oxidizing sulfide ores (fig. 6, Garrels and Christ, 1965, p. 23*0).

Behavior of copper at Goldfield is no exceptiom, judging from rocks of
the Combination-January cuts i from the Florauce nmine secondery

o B [Ty

sultates (p. 6%, 63).

87a (p. 88 follpws)




role of limoniue early important in determiuing the
dietribution of cOpPpe and other elenenlts that were mobile during

oxicatlon. Clays miLA slay & similar role, because ¢clay minerals

; : . s b
are capable of Lon exchandc and sorptioa (Grim, 1968,

n., 135-233%¢ Carroll, 1¥5Y ye applllized rocks of the Combination-
January area all ~ontain ksolinite and 1113te in various proportions,
and 27 samples from T on porth of locallby 17 eontain
montisorillonite as wel pl. & ot he silicified samples

contail rore s kaolinite, DAL & inoyitr have no cl&y at all,

A
Lo composed mainly oFf quartz aid mite (o, 36-33). Although

aineral particle siz and metal-iren concentration
by clavs, capacity
sinc generally
jncreases in the followin, ler: nolinite 11ite, mogtmarillonite
(Wey icuann, 195y 5 Jones,
iy ore metals, nainly because of

[ 1 1!

(Perel Cat !

Aan Y 100) . Cation
whereas
anion c<change is 1MpoO tant f 1lybdenua and &Xs i nich form
nolytdate (iu.L; and arsenatz (AsY), {n solutio Molybdate
1y form very {nsoluble compounis with
and scorxodite,

to be 1loss iraportant

iilite

88a follows)




occur in various proportions: total clay contents generally are
betwveen 20 and 00 percent. Ideally, we should compare copper,
nolybdenum, and zinc abundances in rocks with knoen amounts of each
clay minerel. Clay mineral percentages are difficult to estimate

accurntely, hiowever, so we haeve merely divided the argillized rocks

into tiree gpowps, as follows: montmorillonite-beéaring, montmorillonite~

free with illite dominent over kaolinite, and montmorillonite-free

with kaclinite dominuant over illite. The groups include only samples

course of our petrographic exuminations.

for iron is included for ccomparison;

wree groups of ples nave similar iron contents. Arsenic, copper,
Jenum, and ne do not show significant differences Detwesn
possible exception of zinc in kaolinite-
ine in taese rocks may not be
log percent (29 ;_:pm), wa
n effect on ziac,
defineld as we
with respect to relative amoun f the various clay
we conclude tasat tne clay content of argillized rock has
wution of the nhgve four elements.
At e of iron must be much more important than clay

sontaeny,




aplte of the yelavivel “Wi malti 11ty af aopper, WO RN

gleneil annogiations in gilieliied rocks have not Leen nampl-‘etely

deatroyed, (MGl apgain, hlgh valueds inmear northeast of the January

shatt (pl. 10) associated Jith hlen mold, lead, 8147 vy, bismulh,

mercury , and arsenic velues ., and correlationn betwoen copper and geld,

gilver, and mercury Jersist. A3 explained above, Lhe rmnpur_arsenic

agsociation 1s cue to thelir mutual sasociution -#ith limonite and |
therefore i3 meinly A& supergene phenomenni, but hypogene ggaociation

may comtribute L tuls correlation indirectly in Lhat hoth copper

s arsenie were Locully relemsed from ores logelier in relatively |
lar, o amounts, and congequently 1arre amounts OF both elementa found ;
thelr ey iuto Lhe L.imonite formed at theae loealities. &he copper

must not be agnaciated with

KO&AD , 9. iver, and ik 1

rent.iuing witi

1imonite, becauss Lone of these Laree elemenis correlate with irom. {

or
; rain copper could occur as wrurite ( CuglCo _)_,J(:;:I)z} W --.'e.,tachite(r:ua .
I b g &= |

i WATLLA 3 .. -4 i i 0 ~N - ¢ i
5 { 30 )\Ull) ,) Lwoth reported LY A8 ome (1909, p- 1082109 ,?1.;) as !

rar:=ly gtalning sone aridized and ;m;‘_;r axidized ores. T4 is 4

sich COgTer resiues in these two ninerals, hogguse L0

valucs of solutiocns in the szidlzed zotie &b woldfield probavly were
\
zer.crally 10O 10w £ form Lhen (Carreln and moriat , L0, Pe 240) . f

Ye have not seen :hr:.rsm:-,;l'!'_; (Cusio "'.f;i,)fj) ar turquolaGyroup minerals .

(particularly turquoisg Cuhl (po,, ), U‘;I'}.""'"-:J‘ and cnalcosiderite,

L8 “
|
; T H Lg |
CuFe -(PU, }‘(-’ri:}..\'hu,,.r} _ and as far es we gaov none of these minerals : |
it 3

' have been previously reportea., OF the 39 silicified Fock samples _ 1‘

we i-rayed, 30 contained kadlinite, and 9 weve free of kaoliaive.”

! 00 (91a fol 1ovs) |
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Avercge =mounts © ¢ copper for theag WO gubaels are epsentially
thie same and LoLu are very close ©O ths average for all 129 silicified
rock camples. COPper thus is not aotably associated with clay in

the si 1icified rocks, and the form of copper in these rocks remains

unexplained.




what happened to the copper that

Copper commontly forms zones

er table. o suech
ldfield, although some
wige copper content was

rface ores. Anotuer

resgcaahle planation is that not ore has been oxidized to
produce a proaounced supergene el ment e: the pre~Siebert

Formation and present-day erosion surl in the Combination~January

lodes Perhinps part

cified rocks moved lsterally into
the surrounding arplllized rocks during oxidetion, thae argillized rocks
additicn of copper .or
of copper.. Whatever the case, copper
values sre aob consistently high iu argillized rocks, being related
particularly %o limonite distribmn Q We conclude that copper does

distinet and coherent supergene halo around ore-bearing

rocks, We have 0o w of knowing wvhether & hypogene copper

surenle extended into the ergillized rocks, but even if it did It wss
degtroyed auring oxidation., Perhaps If the lodes were more deeply
eroded we would see greater development of & supergene enrichment zone

or a supergeue balo, or both.




o1y bdenuws and copper ghov similarities on tie geochemicul maps
and Lo the corralation aatricea, Some nigh molybdenum values occur
northecat of the January shaft along with sll tae precediﬂg elenents
(pl. 11). ldolybdenun is not as strongly enriched in the ores as are
many obher ore-related elements (fig. 5), but during metellization
molybdenum probably was somevhat enriched in silicified rocks relative
to arrillized rocks. The nistograms sid that silicified rocks now
eontain less molybdenui tnan argillized rocks, although &an average was
psot calculated for gilicified rocks because slightly less than half

the silicified samples contained detectable molybdegum, The relict

hypogene assoclation shown by rockse norkheast of the January shaft is

|
[
o
“i'.
9
g
0
%

- |
o

so wesk that molybdenus shows 1O corre wold, lead, silver,

smuth, o mercury in silicified rocks (£ig. 7). This may be due to
gregber supsrgene mobility of molybdenun than any previously discussed

1ack of proacounces earichment of molybdenum in tae

orsg, or bobLl.

93




el oW, il

assoclatica retuveen
aassociaticn between copp nd niy it 1s stroug

to eadily visible by comp: 7 the molybdenum and iron

geochenical maps and profiles (pls. 11 and 13). PossilLle supergeune

producing thnese associetions have already Leen discussed in

senic, the most important molybdenum migeral probably
e {“‘0" Y o fin2 .1) Tones {1 )-"‘,’) showed taat
\ ,..--i‘)‘_ I . JONES 1721 suoved Lla

in sorbing molybdate (Nouh--)
amounts of molvbdenum in

Y

2" table 1) show that water

b ]
contain molybdenunm,
mobile in the
ubions earyying it come in contact

arzillized rocks, however,

important difference he supergene behavior of

nineral in
p. 1105-1108)
1121-1122) have sihown, however, tust wulfenite
conditionally stable in an oxidiziang enviromment with sulfate
nate nreseat Since we do not know the miancral forms of
rocks prior to

correlation

are correlated in
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yhdenwn presumably
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of caopper




geochezical rap (n1., 12) shows Tuat the 1istritution cof ziac
to form &

(liawkes and

distiuct halo. f i
Webb, 1362, p. 22, tion with iron,
y it has not beeu } by copreciplation

. & s E 3 { ."'I‘ .
sinc iu the oxidized zone (p. 7=t i) .
R
yDarenauwly JLJAC L g oL J
@leme congidered in 1 Z udyr. !
wdune in whe orence mine supeIi=ue 31
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1i7zh values ¢ nnd mercury, the
elencats showing hy pogene spersion patterns, are
fou i though all

elements excent

in argillized

e 9
Wwitu 1OW

snts thet

¢lidation,

outward from ore-tearing

rocks to form distinct

restricted to




nensable as a guide to ore. Lead i3

SRS

should be particularly useful for

B, becaunse lead 1s even less mobile

recorsind

R

L PR

sureocles are choracterized by

thax

sample-to-garple variction than accompanying gold. Silver

silver ratios vary considerably,

1‘---—
oLd

from gold or lead values.

amounts of gold in some ores,

st ad

in distriet (Rangore, 1909,

if silver

interestins in other

Le more

Coxhination-January

30 vwe

cbtermine how aochienical survey.
:, copper, aund mo strongly leached to delbect

auything but

ore
occuryle discovered

sotegens

OO Y
-3 -§ .

28 eXxiendin




around ore bodies of the Goldfield altered aree, From

the results of this studv, however, we cannol commend &4 sampling

prozran uwtilizing bedrock samples {
2 24 g x

from the argillized rocks,

5
follows)




Assuming that bedrock samples will be taken from silicified zones

and will be analyzed for gold, leady and silver to accomplish a

geochemical survey, W& ghould establish the mipimum values teo be

considered anomalous. A SUrvey ashould not miss any gignificast

.nomalies 1f gold values equal to or greater than 0.3 ppe legd
F 4 5 b ]

velues egual to or greater than 70 pom, and silver values equal to

or greater than 1 ppm uare considered anomadous. Values in the ranges

of "Ligh" wvalues shovn on ~lates 4, 5, and 6 (J ppm OF WOYe for gold, 200
E ) D

sv more for lead, and 10 ppm or more for silver) should certainly

inpvestigation. Traating a large number of seauples
i alterec area O determine geochemical

the eatire GColafield

+his repors,

packground and anopalous values is beyond tae scope of

and is the subject of gdditional work.




I{ samples are gaalectod from silicified wounes, particularly

for a reconnajssance survey, it is useful to kuow whebher visible

concentrations of limonite minerals are & good guide %O anomalousa

gmounts of metals. Qualitative comp&risén bétween iron content and
relatively intense color of either red (hematite dominant) or
yellov-red (@oethite dominant) hue, determined with a G. 8. A.  Roek
Color Chart, indicates that intease color and iron content aré
defiaitely well correlated. Unfortunately iron content is not
corrclated with gold, leed, silver, bismuth, or mercury coantent in
gilicified rocks (s : Thus , although limonite-rich samples
are likely to heve larger amounts of arégnic, coppex. or molybdenum
than limopite-poor samples nearby, they will not aecessarily have
larger amounts of gold, lead, ailver, bisagth, or merecury. We exyéct
het o sampling program ut‘lizihgllimmuitc-rich altered rocks or
1imonite scrapings from fractures, and analyziag for arsenie, copper,
or molybdenum, WOuld produce results difficuli to iﬁte:ﬁret, At

localities silicified zones are

spper, or wolybdenum eouls we hard vo Ging,
ast values showéd up in argilliged rocks; detalled
required. A better approach would be

lcctiﬁely sauple silicified rocks yica in imonite to look for
unusual amounts of arsenic, copper, and molybdenum in additiom to gold,
lead ., and silver. Ouch samples ghould be just as 1likely to ﬁbov
anomalous gold, lead, and silver as limonite-poor silicifieéd rocks,

but on the other haand, silicified zounes shovwing little limonite should

100 (p. 100a follows)




P

viier the information gained o oing gold, lead,
aud silver alone woul:d he worth the econst onal araenie,

copper, and molybdenurm sualyscs iz onen to questio

100a (p.1201 follows)




We doubt thna

would be of much

use in the
uoldtrield altered arca

survevy be ungertaken in
one ol

between

rofiles should be anomaly contrast that

lispersi

s1nted elemsnts ir

0lluvial-solil survey.

wldfield altered

luvial orig

in, althoursih residual

*1llized rocks ear locally.
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Celd, silver, lead, bismuth, mercury, arsenic, copper,

solybdenum, and zinc are evaluated as indicator eleauents for use
in geochemical prospecting at Goldfield. Gold, silver, lead,

tiswuth, and mercury reveal relict hypogene aureoles in
ally contained ore bodies. Lead

oxidized parts of weins that loc
1t, but snalyses for gold

ik,

is a particularly useful indicator eleme

and silver are indispensatle for geochemical exploration. Arseaic,
copper, molybdevmm, and zinc were leached during oxidation, largely
hypogerne dispersion patterns; these four

obliterating previous 2 @
rpene halos large enough to aid geochemical

elaments do nOf LO¥m BUpPEX

prospecting.
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