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SUROTROGRIPHIC STUDY OF GOLD-QINERT 0820 FROV ALLEGHANY, CLLIFOREYA

by
Ve Pu Fuller, Jr.

IHTRODUCTION

In dovestigstion of the minor eonstituente in goldequertz
ores of the Sixteem~to-One mine, 'llegheny, California, was undertaken
with the hope that the distribution of the minor metals might be of some
use in loouting ore bodies, Defore commencing such s study it wes
necessary to est:zblish 2 practical teehnique for gualitotive and quane
titetive spectrographic enalysis of quartz ores,

The commereizl gold ore of the fixteenwto«One mine occurs
a8 isolated, irregular masses of goldwbearing quartz in a large vein of
b:rren quarts. lo reliable struetursl or rminerslogicel control or ine
dicator for ore-finding is known for this me. There are seversl ine
dicators whieh, when combined under faverable eircumstances, may indieste
ore, but they are not individuslly consistent, and may fail to indicate
ore as often as not.

*pevious wrk by He. Je. Fraser (unpublished) on ore from
the Nojave distriet, Califaornia, By H. D, B. "ilson (1941} on Goldfield,
Kevade, ores, and X. . Dreyer (1939) on oinnnbar ores indiested that the
miner metels in such deposits showed s zomal srrangement around some ore

bodles, These examples are epithermal in type, whereas the "ixteenetoe
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One is mesothermsl snd sirilisr in wonv waye to “other lLode goldeguarty
veins, The extremely haphazard distribution of rold wulues made the
Sdxteom~towime & desirsdble type of mesothermsl depesit for investipgotion.
“relirinary results obtzined bv lehlinger indientesd that the disztributien
of silver, bigruth, lead snd tin epreared to show some corre’stion with
that of gold. ‘ecordingly, the precent investigstion wee undertsaks: to
obtain further information throughout the mine of the manmer in which

these four meitznls are Aisztributed.
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MINE D:ECRIPTION

The Sixteen-to~Onme mine is looated. on the western slope
of the northern Sierra Newnda, in the illeghany gold distriot, ‘“lerrs
County, Califerni=z, asbout 15 miles northeast of the welleknown Grass
Valley-Neveda City gold distriet, The Alleghany distriet is largely
underiain by sethmerphosedCarboniferous (1) slates end sehists which
form the "bederock series”. These rocks are overlain by Tertiary volosnice
snd sediments which constitute the "superjecent series”. The ridges are
capped by Tertiery rovks snd the eanyons are out 2000 to 3000 feet into
the "bederock series”. There are several such cenyons in the illegheny
distriet, and these expose sumpmemsigoldequart: veins i the metamorphie
rocks afid eut throﬁgh & number of the famous "auriferous gravel chennels"
in the: lower Tertiary rocks.

The Sixteensto=One wein occupies & thrust fault in the
Tighthaer sohist. The Tightner formetion is composed of fine-grained
smphibolite«ohlorite-guartzose schists, believed by Ferguson (1952)
to represent metamorphosed voleanics. The fault strikes spproximately
X w" v, with leecsl varietions from 30“ east of north to 50‘ west of north,
The'dip of the fault varies fram 20 to 76° easterly, but in most parts is
between so° and 45’. The feult is considered by Ferguson (1932) to have s
maximum displacement of 900 feet. The wein is eut by & muwber of steep
reverse faults, striking parsllel to the vein, snd dipping westerly 669
to 'Qﬁo. These faults displace the vein § to 10 feet in most cases, but
one fault sone offssts the vein ss much as 180 feet.

The Sixteenito«One mine extends slightly more than & mile
slong strike and has been followed down the dip sbout 3000 feet without
ARy pronounced change in ¢haracter. There are seversl ninor veins that



Join the Uixteeneto-'me vein but these veins have been worked only to

8 small extent and have not gontszined appreciasble smounts of polds <+he
main vein is predorinantly berren querts, containing st wost onl 3 or 4
percent sulphides, and renerally less than one percent. yrite and sarsenoe
pyrite ars the commonest sulphides; sphelerite, tetrahedrite, ohalcopy=
rite, and gnlena often are present. Caleite, msriposite, unkerite,
together with silieste and graphitie metericl representing enpulfed or
unrenlsced fragments of will roek, are present in considerable smounts

in goe purts of the vein.

The gold distrilution is umsual and spectacular. It is
localized ir very concantrnted irregulur masces or bunches of pold or of
highegrade ersenopyrite-gold ore. These smell bodies wary in wlue from
e few dollers to seversl hundrad thoussnd dollers, The richest purt of
the rmine has heen between the 600 snd 1000 levelz in the ares between t e
tixteensto=me and Tightner shafts. There ie considerable gold ore in
the upner levels in the north end of the mine, and large amounte of gold
have been produced from the lower lewels in the south end. The total
production of the mine is over 115,000,000,

The mine is worked with four shafts or winzes, snd sore 24
lovels hnve been developed, the deepest bLeing the 3000 level, “lete 1
is & sketch map of the prineipel wine workings. The drifte form » rough
contour vep of the vein in this horizontsl proiection.

DML ING

The sampling program was designed to include specimens from

widely seperated purts of the —ine, :tach group of samoles (or miite)

was chosen to illustrate the veriation, under different econditione, of
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alner metal constituentes in the quartez. Tome sultes were colleected to
show this waristion perpendiculer to the dip end strike of the wein,

Other sultes were collested to shor the wariation slong the dip and strike,
It was hoped thet sueh s study of the large snd small sesle distribution
of these minor metal constitutents would show a definite correlation

wiﬁh the distribution of gold wvalues,

Collection of Cemples

Several hundred samples were carefully collected, described,
and labeleds ¥ifferent types of semples were solleoted, ineluding channel
samples for fire assaylng, chip samples for spectrogrephic amslyses, and
hand specimens for megsseopic or petrographie study., ‘etuslly, only s
part of the mmterisl collected hre been studied to dote.

4 lirited number of channel samples were cut meress the full
width of the minerslized wein, in representative localities. The locaw
tion of these mumplez is shown in lateg 2=T.

£ large number of chip samplee were ocut. An effort wes made
to cut only pure wvein quarts, but in many plesces appreeicble amounte of
dark sllieste, graphitic meterizl, and often some sulphides were uravolde
adbly ineluded. ‘here the vein was marrow the ohip esamples were divided
into foot lengths. “boul & dozen chips, sapproximately helf an ineh in
size, wore collected from easch fool interval. Each such groun of chips
wes soparately packaged snd lateled., Yor wide pirts of the vein 2-foot
lengths were used in the same munrer. The loeation of these sumples sre
are shown 1n‘.’:?=1atca 2T

Hand specimens were socllected wherever ohip samples or ohamnel

ssmples were cut. They were t-ken s foot apart scross the nmarrow parts



of the vein and two feet spart seross wider perts of the vein,

Deseription of tamplesz by fuites.

Sulte G was eolleeted on the 1700 level from the ehute
of stope 1735 within a few feet of where gold wae found near the foot=
walls The specimens, ineluding éhamal samples, chip semples, and hend
specimens, were collected at one foot interwvals aeross the vein to show
any variatior in the minor metel oo tert perpendiculer to the wein
(plates 1 snd 2).

Suite T wes colleeted from s barren stope, 1708, above the
1700 level, to show the weristien perpendieular to the vein, Chammel
samples, ohip semples, and hand specimens wsre cut st foot intervels
seross the vein st this loeality (Flates 1 and 2).

fmite T was collected from stepe 1545, above the 1600 level,
within ten feet of where gold wes found nesr the footwzll, Chanmnel samples,
ehip semples, mnd hand speeimens wers out every foot across the vein,
to show any variation perpendicular to the vein at this loeality (plates
1 snd 3).

Suite J was colleoted from the 1000 level, at the chute of
stope 1021, vwhere oonsidersble gold was found nesr the hanging wall.
Chip ssmples and hand specimen:z wore cut every fool seross the vein.
(™Mletes 1 and 4).

Suite X was collected from stepe 1333, just delow the 1100
level, in an area where the vein was barren. Chi;mol ssmples, ohip samples,
end hand specimens wm‘ ot every faot across the vein to show any
varistion perpendieular to the vein at this lecality ("lates 1 and B).



Suite 1. was collected along the 800 level, through the riehe
est part of the mine, from the {irteenwto-One shaft to the Tightner shaft.
Chennel semples were out for the sputhern heil of this suite, =nd ehip
samples and hend specimens wers colleoted for all loeelities (plates 1
erd 4). Sulte i was teken to shudy the lerge soele voristion through
this rich aree,

fuite ¥ war oollected on 1150 north drift, fror the face
where considerable pold had been found, southward for 100 fect from the
foce, The firset specimens were trken within a few feet of where the gold
had oecurred. Chip sumpler end hend speeimens were collected. Thic suite
weg tolen to show the loe=l v ristion within = fer feet of thre gold, and
x180 to show the weriation i thirn 100 fest a2long the drift ('lotes 1
and %), »

Suite ¥ wes eollected in stove 1072, between the 800 end
1000 levels, within a2 few feet of whers highegrzde ore wos found close
to the henging wall., Chip semples wore collected for every foot interval
betweor the hanging wall and the footwell., One eheannel ssmple wer cut
for the 2nd, 8rd, and 4th foot interval from the henging wall, and another
was eut eovering the 13th end 14th feet.

Suite O wee colleoted along the 1700 level, at approximate
intervals of 100 feet, This drift showed mediocre wanlues concentreted
ut isclated loonlities. Chin semples and hand speoimens were ocut st onee
foot or twoefoot intervels seross the vein. Jhe suite waz collected
for corpurison between typleal lovwegrade quartz and quarts that carried
local gold wnluas (“lates 1 end 2}‘.

% large ares around ilhe very highegrade ore in store

15587 wns sampled for suite ©. This ares included the 1300, 1500, snd 1T00



lovels, end the intervening stepes. Charmnel samples, chip semples, end
hend specimens were cut in the drifts, end chip serples and hand speci-
nens were collected from the stepes. This suite was taken to study the
variation of the minor metal cemstitutents in the quertz on all sides of
the 1557 ore body. The same srea hed been sempled .by gred se-pling in
1940 by the writer, end the samples analysed by Dehlinger. These anml-
yees encouraged the present imvestigatiom, but it wes oonsidered desir-
sble to cheok and swplify this esrlier sampling. The chip szrples end
hand specimens for Suite P wers cellected 2t one~foot or two-foot inter-
vals, and the chamel savples extonded the full width of the mincralized
vein (plates 1 and 7).

Suite Q was collected alomg the 1500 level and through 1525
reise to the 1300 level. A very ocusentrated bunoh of high-grade gold
ore was found at the 1526 chute. Chip semples md hand specimens were
collected at one-foot or two-foot imtervels at locelities showm in
Plates 1 and § to show the varlation in minor metals around this high-
grade bunch. (See Plates 1 and §.)

Semple Preparation
~ Chip samples are carefully washed in water and them prepered

for speotrographic analysis. They must be crushed endsplit to e suite
stle size for binoculsr microscope exeminstion aftor which they must be
pulverized and cut down to 2 sise suitable for speotrographic work.
Seversl grinding end splitting operatiomsz sre nececsery to reduce the
samples to this condition. | ,

| Chip ssmples are first coarsely crushed in an iron merter and
pestle. ’n eighth to « guarter inch sisze was found to be the optimm
size for feed for ithe pulverizer. ‘I’his size prevents excessive wear

of the pulveriser pletes.



The conrse crushed sample io ground in the rotery pulverizer
wit: the plates set ar fur apert as pessitle. T-e resulting product
contains o minimum of fine material and a meximur grain size of frow 2
to 4 willimeters. ' produet with thiz grain size $3 eesily studied und,
if necesssry, cleaned, under a bimooulsr wicroscore.

The samvle i1s gplit with a Jones splitier to shout 10 grare,
which i# exsamined under the timoeulars for impurities, espeolally saulphides,
in the quertz, & few trial rune showed that by eleaning the savples, the
smount of minor metale in this ere 1s generzlly reduced belew the some
sltivity of the instrument snd the method. %mdmgly, no elesning
wie done for subsequent ssmples,

The 16 grev snesle wee pulveriz 2 with the nletes set elose
topether, 7hen ground to minus 80 mesh, there iz & winimum of iren filinge
adhering to the fragments, or admized with the powder. If pulverised
ton fine, it is very difficult te remove thies edmix:d iren. The pule
verized sample 1s split with s Jones microesplitier to about one gres, from
which the iron filinge sre removed with an elsetromsgnet.

T™he semple is pulverized in an agate mortsr to consideradbly
finer degres then 200 mesh. IT the speoimer is to be analvsed cu:litaw
tively, 1t is resdy for tho speetrograph. If it is to e run es 5 Quanw
titive analysie, powdered carbon is thoroughly mixed with the pulverized

sample in the agate mortsr,
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SULCTROGRYPHIC INVEITIC TION

Spectrographie enalysis necessitates s highly specialined
technigue,careful and consistent smelytieal procedure, nroperly pre-
pered ssmples and good equipment, There are many verisble factors that
must be eontrolled us rigidly es possible. Yor this resson the materisls
used must be eonstructed to exaet specifications. The following paree
grephs briefly deserite the preparation of electrodes snd other materisls,
and outline the actual teehnique for qualitative and guantitative anslysise
lany of the designs used for eleotrodes, and the generzl procedure of
analysies are modified from these developed by the ipplied lescarch
Laborstories, builders of the spectrograph used in this study.

Preparetion of Eleatrodes

The eleotrodes used sre gquarter inch Hational Carbon Come
pany graphite spectrogravhice ocerbers, purcehesed in one foot lengths,
rfter the elsctrodes hove been out to exact size and aMpe, they are
soaked from 24 to 3¢ hours in squs mﬂnsm, then sosked for 48 hours
in distilled water which is chanped several times during that period.
This treatment eliminates most, slthough not 51l of the common irmpurities

present. Titanium, boren, sore coprer, alurminum, and traces of a few

other elerents still remaine

Upper electrodes are merely guerter inch earbons flled flat
es shown in Fifle 12, ower clectrodes are csrefully mchined to a sheve
shown in Figure 16, The lower electrode has & smal) euwp shaped: depression

that is designed te hold the bead of molten silfen after the thin side
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wells have burned awsy., The outer surface of the elotrode follews sclosely
the inner contours in order te reduce the total earbon of the elecirodas
te & mintmm, It iz desirasble to hsve the esrbon thiek enough to be pro=
sroed for thirty seconds before areing sample, and to burn for at least
two minutes, yet thin emough to conventrate msxlmum heat around the sample,
The neck should be az thin ae possible to prevent hest conduction to the
lower part of the elestrods, yet strong encugh to withstand the areing
until the sample i3 durned to eompletion. Carbens sut to the specifiontions
given sbove meet thess recuirements in s very satisfuotory menner.

The electpodes used to produce an iron spsctrum sre msde by
using a gquarter inch oold rolled steel rod for the lower, snd a quarter
inch earbon for the upper electrode.

Electrodes for quantitative worke

The upper eleectrodes sre gquarter ineh carbons filed flat on the
lower end, then drilled to receive s short eighth inch ourbon, as shown
in Figure 1b. They were designed in this manner te facilitate the flow
of relatively cold gases awey from the are plassa. The self-sbsortion
of the spectral lines ie considersbly reduced if the gold gases are
allowsd to flow away easily fror the sre. Furthermore, up er slectrodes
designed in this manner tend to prevent the deposition of materisl on the
electrode and thus help stebilize the upper part of the src on the lower
point of the eighth inoh cerbon stud, The stadilization of the arc is
very important, for the largest errors in snalyses ar,@m to irregularie
ties in the are.

The lewer slectrodes ere prepared on & precision lathe
sotording to the panttern shown In Figure lb., As in the qualitative eleetrodes,

the earbon left in the eletrode iz the minimrm awount necesssry to pro-
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duce an eleotrode sufficiently strong te bo pre-srced for five sccords, and
then still hold together until e four milligrem semple 18 areed %o come
pletion. The mmll amount of esrbon will econsentr-te the hest arcund

the ssmple snd will tend to depress the carbon beuokground of the film,

The oenterpost is designed to coneentrate the are on this point wmtil

the ssrple in the electrode eup i& fuseds The sddition of powdered

sarbon to the sawnle esusee ¢ foirly evon distribution of the ssmple

over *his pletform afier fusion.

The upper olectrode used in predueing the iron spectrum
is siniler to the ordimary qumntitative upper electrode, The lower
olsotrode 1s the high streaming veloeity type doveloped by Vasler
(1541). These electrodes are illustr-ted in Figure le.

The general spestreographieo technicue wes modified fyom
thol used in the ipplied Neseerech Laberatories, and is sinilar to the
mothed used by “ilsom (1541) on the Goldfield ores, The powdered
femple 13 burned by using the cleotredes deserided above, under oontrolled
width of slit snd exposure conditions, The sample 1 mixed with powdered
carbon when it ie run for mﬁﬁtiw analysis. This carbon is pree
pared Ly owaporating end reasting o suercse solution to earsamel, then
suocossively grinding and eooking it until it is sorpletely reduced to
carbone The light emitted fyom the arc pmsses through the slit, snd {e
diffrected from the grating to the samera. Iastmen par spoed 3F Tillie
meter moving pielg%:n f11lm $s very sstisfactory for recording the spece
trume The f1lm ie onrefully dovelepsd, especislly for quertitaiive
worik, snd then is rend om the proleetor corparstor.

Cuslitative teehuique~
The electrodes, both upper and lower, sre pre-
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arced for 30 seconds ot stamfissdl areing conditions. Then enough
sample to burn about two mimsbes 48 placed in the cup. The areing
conditions are as follows:

Seotor dlaphrem mu“. - rreewe=- )} and $

811t width -— e 0.02 »me
Rotating sector -- I — 28%

Ampersge s - 10 smps

Time w——————- 2 mins spprox.

The sample is arced for ons mimsie Ix positiom 1 on the dlaphrem, them
erced until completion in posities 5. The amcunt of the sample should
be adjusted so that it will tels ebeut ome minute for the cemplete
aroing; thus the two spestra prefiwsed will be of essentially equal in-
tensity. The camers is net weved, bt the speetra pleced by changing
the diaphrem position. An irem spestrum is placed between these twe
mmhymtmmmwwmma, again without
changing the camers. It is very Smpertent mot to touoh the camers, but
hplmthoapmﬁ entirely by mtems of the sector disphram, so that
there will be perfect slipment of the uwnknown spectra with the irea

_ spectrum to permit exsot measuremsst of the wavelengths of the vmknewn
spectral 1imes. The arcing eonditiems for the ircm spectrum are s
follows:

Seoter diaphram position - el

513t width - . 0.02 mm.
Rotating secter - 100%
ANDOrage ww-o v - 5 smps.
Tine - 15 zes.
Sereon - gt
Lens . in

Vhea unknown ;.mlu sre arced scoording to the qualitative
method outlined above, spectral limes of the more volatile clements are
found concentrated im the upper spestrum, snd lines of the mors refractory
elonents are mere erhanced inm the lewer cne. Thres such samples can be
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placed on eaoh Tilr by susosssively placing the eamera at nositions
3, 8, and 9.

Kuantitative technicue= The electrodes used for quantitstive analyeis

are pre-arsed for b scoonds at standard arcing eonditions, Then the
sample is mixed with powdered esrbon, by careful grinding in an spate
mortar. Zight milligrame of this mixture is weighed out, divided inteo
two parts, and eech part is placad on & lower eleectrode oup. The buse

of the eletrode is tapped lightly to help distribute the powder rore evenw
ly¥ in the cupe * drov of absolute ethyl slechol is plzced on the sample
and elestrode, to spresd the ssmple mere evenly and to prepere the elece
trode and sarple for sugar selution trestment. # drop of sugar solue
tion (1/40 co.) 1s added to cememt the powder to the slctrode., ~hen the
sugar is dry, the electrode is re:dy for areing. The conditions of areing

are as follows,

Sestor diaphrem positions - , 2

811t Wi dth : : 0.08 v,
Rotating segtorw — - 8%
imperage 10 amps.
Timnwee 45«75 gec.
SOreanwe. out

Lom gerene in

The large wvaristion in time iz due to the use of slight
modifications in the shape of the lower electrodes, The slecirodes
out to the dimensions in Flgure 1lb. should burn for T0«7% seoconds with 4
241ligrams of somples Two arcings ere mede for esch spectrum to cut down
the errors czused by the wandering amd uneven bm‘n,tng; of the are., ‘pectra
ef four samples, in duplioste, are placed on emoh flm.

in sron spestrum for £i1m onlibration end £ilm alignment was

liced in the center of each film, ac this wes the position found to be

most oonvenient. The iron spectrum was arced under the following condi-

tions:



Sector diaphram pesitfemesess 2
S11t width i 0,08 mm,
ROTALINE S00LOrcnncmepasdinmsss : 8%
hmp erage — 10.€ amps.
Timew A — 4 seos.
Sﬂr’mwv . out
L.an) gememm e ai— out

Filn Develepment

The process of film developnent iz & simple one, with the
emphasis upon the consisteney of the strength of solutions and time
of development, to sssure wniferm resuits. The film is developed for
asbout three minutes in mlf stremgth Zastmen D 11 developer, washed from
one hall to one minute in shert sbep selution, end fixed for ten minutes
in hypo solution. For quantitative work a oaroful oheck of develoving
solution tempersture is kept, smd the developing time is woried; s longer
time is requbred for lower temperatures than for higher ones. The curve
for tinewtempersture control gives by Wilson (1941) wes used in this
investigation. Such precautioma will keep the film density quite constant,
With a constamt temperature contrel it is possible to keep the density so
uniform thet the film need be ealibrsted But once for esoh day's work.
fetuelly in this work, cslibratien was made for every film read quantits~

tively, so that such close contrel €f development wes unnecessary,

Film resding
Then dry the fllme are read in the projector comparstor,

For quelitative analysis, the sensitive lines are readily identified by
means of the iron speotrum end the master plate, For semieguantitative
wérk the method and tables:developed by the Applied Research laborstories

are uwsed.



For quantitative amslysis, the density of lines and breke
ground are read by the dmw, In order to expres: these wvalues
in their tswe intensities pelative to each other, it is necessary to
treat them in the Iollowing memmere. The film must be eulibrated for
varistions in developing by pletting ¥mown intensity walues of lines
sgainst their densitometer resdings (called "transmission values”).
The plot 1s m:de on logeleg papers True intensity remdings of other
lines mey then be read from the resulting curve. The second step iz to
decide upon sn internsl standarn) whioh may or my not be adled to the
scmple, asnd to express all {ntensities as the ratloe:

intensity of slement

intensity of imbermal standerd

' This treatment will allow the imtemsity retios of eny filnm to be compsred
with those of any other film resd in the swme manner. The int=msity
retios may be translated intoc percentage emounts by using working curves
based on analyses of known semples.

It was found desiradle to construct a celluloid forx for the
uprer part of the calibretion ("gamme¥) curve, fn order to draw consistent
curves quiokly and accurstelys The necessary eomputationsz to arrive at
the intensity ratiocs have been desoribed in dotail by “ilson (1941).

Tt was found that these could be done muech more rapidly by means of a
ealoulating board designed by Harvey of the Applied Research isborstories.

- Very little quantitative work was done in this study, as
qualitative results seemed mlly'mto in view of the very limited
smounts of silver, lead, bismuth, snd tin present in the samples.
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Yore than 130 samples were enalysed spectrographieslly,
for the most part in duplieate, The analyses are shown in Tables
1 to 10 and the locations of the different samples in “lates 2 to 7.
fssays of the chennel samples are ineluded with the spectrographie snalyses.
Silver, biemuth, lead, or tin were detected in only 26 of
samples.
the/iuites G, N, I, £, N, an§ Q shewed none of ‘hese minor metals.
“ultes J and ¥ showed a few trases of silver and tin., ‘pecimen '11=14
of “uite i was within one feot of massive gold ore, bu* showed only
8 troce of silver and & 1ittle tim. Silver was found in two ssrples of Suite
L3 specimens l~1 to 14 were in barren vein but beyornd this peint the vein
ploked m#&pmly In vilues, and within 15 or 20 feet of L-10 and Lall
there wae extremely rieh highegrade ore. The richest part of the rine
#wag in this area,
Sulte P ghowed o lver present in 17 out of 80 samples.
The semples containing zilwer showed aoﬁefinite ronel arrangement with
respect to highegrade ore. In all the suites there wos no sorrelstion
Satw%n the gold assay values and presence or amount of minor motals.
In general, however, minor metals were detected only in the richer parts
of the mine, so that there wue & broad sorrelstion of gold with minor
metal g
The sbove analytlenl determinations are in striking cone
trast)to thou obtained in & preliminery exarinstion during 1241
of specimens collscted by the writer from the same loenlity as that of
S—uifse{ . These earlier analyses.shwied lmlati*mly substantial amounts of

silver, bismuth, lead, and tin in this sres of the mine, where as the

semples used in this study (Dontinued on page 27).
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Reeults of annlyses of smples §i Meite G.
Suite & Type of Sype of Analysis
serple Ko. suzple amlysie
e} ‘1 Qe By ﬁr’ Au OQI L1 1™
CuBe Moo, %o Ag,B1yPY,In.
ehip speo. ¥o Ag,B1,7b, 5 n.
C=-2 Co 8y fire tu 01 ose
Ca 8 spet. Ho Ag,B1,Mb,0n.
ohip e, Yo Ag,B4,Ph,fn,
G=-3 CeBs fin fu 005 oz
G~ 4 CoBe : fire Au JOOE oz
ehip peo. Yo Ag,Bi, Pb,5ne
G5 @t fire 2,015 oge
- Py *”. EO aﬁs’si’%'gﬁ’
chip 0t Ko 2g,B4,Pb,5n,

¢ Semples are numbered from the Muging wall to the footwall
of the vein, esch number repressting 2z one~foot length.

£ Cafe denotes channel sample.




nez 8
Resnlts of analyges of samples I9 suite He
Tulte and * Type of » Type of ‘nalysis
sapple no. sample ' ;ms!!él?i“
Eel CuS, fire tu .01 oze
ehip wpec. No %g,51,7Y,%n,
Re? Ce By fire Aun 008 oz,
chip wPess %o 2g,B5,7b, 50,
Hed Cufe fire fu JOOB oz,
chip spes. Bo 2g,B1,7b,Un.
"4 Celly fire An 175 oze
chip spev. Xo Ag,B1,Pb,in.
E«§ Ca G fire An JODS oze
ahip . SpeC. ¥o Ag,B1,7b, n.
He 8 Colie fire Au .01 o=me
chip spesv. Ho 1g,P1,7b,5n.

+ Lee Table Y.
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TABLE 8
Hesults of anclyses of egmples in Suite I

‘uite and * iyne of * Type of “alysis
sample lo. somnle amalyses _
I-1 Cuy fire e o0 0fe

chip pecs Ko 'g,B1,7b, ne
Ie2 CeB, fire Fu oDDE o2,
I« Cube fire fu o006 oz

Ce Sy spec. No g,?,"b, ne
T - & Qe Be ﬁ” 2g 008 o2
‘I =8 CoBe Mre fa braoe.

chip spec. Ko /g,B1, b, e
I8 CeBe fire 20 JODE ore
I-7 CeBo fire fa J015 oz.

Ca By Spet, Ko %g,B1,%b, n,

-»

‘ee Table I,

- TBLE 4

Results of analyses of ssmples In Sulte J

“uite and * Tyne of Type of ‘nalysis

gample Hoe gample analysis

Je1 ehin spes. Yo *£,Bi, b, n.

Jd -3 _ ehip spec, rg trnee? Xo Bi, b, Tn.
J=-8 chip spec. Leg trace? YXe B4, b, n.

1 Hee Table I,
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TUBLE

6

Results of enalyses of “smples in Suite &

fulte snd » Type of * Type of e ysis
sample Hod semple analysis
K1l Gefin fire Bu 4005 os.
ohip spec. ¥o g, B4,7b,0n.
K=-2 € e fire fu trnoe
L - 3 O B rm FA .OQB Oke
¥ - 4 Cely fire Au 005 oz,
£ ~5 LelBs fire Ay 4005 o%.
ehip Spet. Ko 4g,B1,7b, n.
¥ -8 O Be fire ku 005 oze
G Be spec. Yo ig,B1,7b,"n.
E -7 Cste firs An L0056 oz,
L~ 8 : u.:, fire fu o006 oze
E=8 Cale fire 5ue 008 o024
=10 a8y fire du 005 or.
+ fee T=bld Y.




20

»BE 8

Results of snalyses of semples In Sulte L #

Suite snd » Type of ~ Typa of ‘nalysis
sample No, sample amelysis
L.=1 CeBsp fire iu troce
.= 2 CeBe fire hu 025 oz.
Cufe sped, Yo ‘g,B1,%h,n
L -3 Co B¢ fire tu L0056 oz
L -4 Cele fire Au (015 oz ‘
Go e spea, Ag present,”t Tronee, ¥o B4,
Ene
L=§ CoBe fire Au L0086 oz
0o Be spec. ¥o "g,B1,Pb,5n.
L«@g Qe Pire Au LOOF oz.
L -7 CuBe fire fua +O8 oz
CoB, Bpee, ¥o g,B4, b, n.
.- 8 So iy fire ..f"‘«»u « 005 o2
1«9 Cu Se ﬁ!"& Au JO) oz
I, = 10 CsBa fire Au 005 poe
L=-11 ehip 8pec. Ag present, no 5§,7k,"n.

For loc-tion of samples see "late 4.
- Uamples L = 12 to 1-20 were mot analysed.
Tee “late T,

At W




Fesults of anslysss of ssmples in Tufte ¥ #,

suite snd * Tyre of Type of tnalyeis

pample No, sample anslysis —

¥ - 10 ohip gpec. Ag trace’ ‘n trace? ne
'i’PbQ

411-14 chip EpEcs Ag trace? ‘n present,

no BY,"b.

* For loc-tion of samples, see "late 6.

# Eleven other sumples in this suite were not annlysed,

T BLL 8

Hesults of anslyses of smmples in fuite W,

fuite snd Type of " Tyve of inelysis

sample No. sample analysis

Bwlw ehip spec, No ‘g,B1,7b,%n.
CeBe fire fu 401 oze

R=2¢ ehip spec Ko Ag,B4,7b, ne
C.8, fire tu #0065 oze

¢ Covers the 2nd, 3rd and 4th feet down fror the langing well.
# Covers the 13th end 14th feet down from the hanging wall,

" See "late L.
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Tesults of snalyses of samples of Sulte 2,

fuite snd * Type of Type of Annlysis
sample Bo, samp'e analysis
-l Co 8o fire ‘u 403 oz
Co e spec. tg, I'b present, Lo Ui,in,
chip ~ Spot. Ko Ag,Bi, b, n.
? -2 el fire tu 401 ore
e 8e spes, g, Pb present; no 3i,'n,
chip EpeCs Yo 5g,B4,7b; n trage.
Pe3l BoBe fire tu trace.
chip spe e Yo g,B1,Pb, n.
T - g Cely fire Lu 005 oze
chip spee, Yo Lp,B1,7D,in.
Pel Gu B fire A 4008 oze
~ehip EPeCe Ho Lg,B1,7b,Mn.
ESCR Co By fire tu 4O0B ofe
chip speds Yo fg,B1,7b,ine
P w7 Be iy fire An 045 ofe
Cele spee, Az, ' presenmt; no B3, ‘n.
ochip spec, 4y, presert; no 54,7b,n.
? - B -7 ™ Lire Au trace,
ehip spec. Ag traee; no B1,7b,'n.
Yo @ Selie fire iu L0} 6!0
chip specs Yo Lg,B1,Pb,En,
* - 10 GaBe fire tu 4008 oz.
Ce Be 8Pt Lg present; no Bi,"b,ln.
chip spee. ig traove; mo 24,7b,%n.
T e 11 O.Ba Mre v JOOB o
GoBe SpOCe "By B1 pressat: no i'b,Sn.
ohip 8peo. Yo 2g, Bi,Pb,lne
P - 12 Ce By fire fu « 025 one
00“ 8?00. ﬁO ﬁsg,ﬂi,%.f}ﬂt
eship 8ped,. No 5g4Bi,7b, ne
e l8 CoBy fire Au o015 oze
v 13 1 sped. Ko g,B1,"b,n.
chip spee, Fo 4g,B1,Pb,in.
P e 14 Cefle fire i 4008 oz
Cu8e spes. No. Ag,B1,7b,ine

chip spec. Ko %g,B1,7b, ne
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?ABLFE. 9 (eont'd)

Suite and * Type of # Type of Analysis

sample Ko. sample analysis

P - 185 CeSe fire Aa 005 oz.

Ce8e Specas No Ag,¥i,Pb,in.
chip Spovs Yo %g,Bi,7b,Sn.

P - 18 Ce 8o fire Au L0l oze
Ceo Bea SPOQQ KO z’;g,Bi’?b'gn. \
chip spece Ag present; no I1,Pb,Sn.

P - 17 chip spec. No 2g,Bi,Fb, n.

P e 18 Ce Gs fire Au +05 oze
Cete spece 4g,Pb present; ne 54, 5n.
chip spec. No 4g,Bi,Pb,5n,

P =19 chip gpecs Ho Ag,Pi,Ph,5n.

P« 20 Oe 8, fire tu 01 oze »
Cafa spec, b, present:; mo Bi,
chip Spec. o Ag,Bi,Pb, 5n.

P« 21 Ce 8o fire Au 005 oz. ‘ ‘
CeBe spec. Pb trace; no ‘g,Bi, n.
chip specs Ko Ag,Bi,Pb,Sn.

P - 22 CoBe fire Au 005 oz. ’
chip spec. Bo Ag,Bi,Pb,Sn.

Tamples r=28 to P-B80 were all annlysed by the epectrogreph, but

only those that showed positive results are tabuleted below,

-

P =25 ehip spec. Ag trace; no Bi,Pb,Sn.

r . 28 chip spec. Ag treee; no Bi,Pb,Sn.

P =31 ehip spec. Ag trace; no B4,Pb,Sm.

P = 37 chip Sped. Ag. present; no Bi,Pb,Sn.
P « 41 ehip Bpe0e Ag present; mo Bi,PY,fn.
P w43 chip Bpecd. Ag present; no Bi,’b,En.
P - 49 chip Spece Ag present; no Bi,Fb,5n.
? =« 56 chip spece Sn present; no ’g,Bi,Pb,
P - 59 ehip spec. Ag present; no Bi,Pi,Sn.
* For location of samples see Plate 7 .

4 See Tahlp L.
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T2BLE 10

Results of snslysez of samples in “uite (.

Guite snd * Type of Type of Arelysls
'sample Noe syple apalysis

¥
Qw1 - ohip #pes, Yo ;«“»;g,Bi,?b,??im

+ For leocuntion of sermple mee “late

4 Samples (=2 te (=19 were not analysed,
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from identical localities, slso collected by the writer, show

none of these elements, or at best an occasional treace. These

widely divergent results prompted & rechecking of the samples used in

the fprelimimry analyses. Five of the original 24 samples, chosen at

runqiog}, were analysed by the writer. The check analyses give enly

one t‘ieuth the intensity for the minor element. HNev-rtheles:z silver was

found in appreciable amounts in all five samples. Duplicate semples of the

preliminary analyses sometimes showed wide wariations, but the varisw

tion between samples from different localities wes several times greater.
It seems apparent from the results of the recheck study

that:
8. The preliminary samples may have contained more silver than

the samples used in the present study,

_ bs There was some vari:ztion either in the method or in the
sensitivity of the instrument such that identical samples showed only
1/10 a= much silver.

c» The method of obtaining the semple for snslysis from the
original ssmple falled to overcome completely the highly erratic dise
tribution of silver in the guertsz core. The present methods of sample
preperstion likewise do not overoome completely errzetic distribution
of silver in the quarts.

One possible cause of wide divergence of results bet-
ween the preliminary and present studies is that the earlier samples
contained wore silver. Samples used in the preliminary study were grab

samples and a relatively small smourt of quartz was taken from each

specimen end prepared for spectrographie samples. However, it seemed

unlikely that these grab samples should be consistently high in minor
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metals, especinlly when every effort was mede both underground snd inm
the laboretory to seleet pure gquartz. Samples wore prepured for analye
sis in much the ssawe wmArnner then as nows 4t first the semples used in
the present study were eleaned of all sulphide and other impurities
under the binoouler microssepe., It was found that this treatment rew
moved the minor metsl comstitutents in meny but not all of the szamples
clesned, bblow the sensitivity of the spestrograph, fceordingly, this
trestment was abandoned. ZSoth sets of semples were cleansd with the
electromagnet, so thet the effect of thie proces: should be cuncelled
out. Trisl snalyses showed, moreover, that cleaning by the electromsg-
net hed no vi‘feat on the minor metal econtent of the quartz. It iz possi-
ble, but improbeble, that the prelimimery ssmples were ncoidentslly
"saltod” from the equipment used in prepsring them for the speotrogravh,
There does not appesr to bhe any adequate peological explenation why
samples sollested at different times/from identionl loealities in the
same drifts and stopes should show my/;l;cir;tim in vnlues,

Another possible cause for the wide divergence betwesn
the preliminary and prezent studies appears to be wariatlon in the
sralytical method er in the sensitivity of the speotrograrh. The
latter suggestion may be ruled out az highly improbable, beosuse of the
physieal basiz of the grating spsetrograph.

In generel, the technique used in the present study
wes the seme as that used in obtaining the preliminery enslyses., The
electrodes were improved; this should show more uniferm results, not s
decrense in sensitivity. Tre arc conditions were vory sinmilar, and in
tiio course of the present woerk these were varied mufficiently te discover

any significant differemce betwesn the two methods. The exposure sondi-
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tions and film development were sesentially the same, and no chonge
in sensitivity eruld be found there.

The writer is unaeble to offer eny adequate axplanation
of the grest dfscrepancy hetween his analyses and those made during the
preliminary investigation. ‘lthough he was unable to eonfirm the quane
tities of silver present in the praliminary analyses, still he found

more in these semples than in practiesnlly any colleeted later,
COuCLUZIONS

Speotrographic amelyses of Sixteeneto-One quart: ore
appear at present to be walueless as applied to the problem here ine
vestignted. In the first place the minor metels are not present in suf-
ficient amounts. “esondly these slements, when present, are too errati-
oally distributed to assure consistent results, sepeeially for quantie
tative messurements, Furthermore, the results of the present m:,-
are unsatisfactory beonuse the precise ressons for the wide divergence
between this &1 the preliminary study have not been discovered.

I£ the ‘ixteensto-ine vein does not oontain apnrecizble
smounts of minor metels, as this study indicates, in what way is it diffe-
rent from the veins in Goldficld snd in Vojave? It wes pointed out
earlier that mineralisation in the 2lleghany distriot is mesothermsl in
type, whereas the Goldfield =nd MojJave distriets are epithermsl. This
probably meens that the iixtecn-to-One vein was formed in 2 relativsly
longer period of minerali:zation, under higher pressure and temperature
eonditions. Porhﬁpav these more intenee and longer~lasting conditions
tﬁwr the formetion eof meeh purer qua:;tz, whereas the “dumping” or
"téluooping" preoipitation in epithermal mineralization results in s

grester variety of elements present im the quartz, or &ssociasted w«ith it
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as nmieroscorically fine sulphides,

In sonclusion 1t may be ssld that this study hos not
demonstruoted a practlcal method for the Quantitative analyses for the
minor elements in the illeghany type of goldequarts ores and thet the
method in its present state iz of mo walue in ore-finding st the ‘ixteens
to=ne mines Fuarther work on this probler way very pessibly result in
more consistent analyses, but the amounte of wminer metals eare still
not sufficient to use the method in ore~finding.

'Mv--:mmluuima, however, apply enly to this specific
proilem. The use of the speotrograph in mining problems is stlll in the
experimental stage. The writer iz of the opinion thmt further work
will show meny weys in which gquantitative spectrographic analyses will
be of grest welue in the field of mining. They way in large part repisce
cherical determinations in ore analysis and in ocontrel of will products.
Fven tad}ay the speotrogrerh is extensively usdd as en anslviiesl control
during ﬁo refining of mny netals,
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