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' IHTRODUCTI§§. : ) N R ]i Lo s
; It hes been fairly fz%mly eatahliénea (Flsher, HQH.,
1945) thaﬁ 4he fineneas of the gold in any ore deposit varies .
with the depth from the surface at which the deposit was formed
-end as a corollary to this, that it 1s dependent upon.-the :

: temperature and - pressure ai the time of deposition. This .

. relationship is such that, under certain conditions, the gold = -
- .. fineness, taken into consideration-with other recognised-criteria, .
_ " fupnishes a very sensitive and relisble guide to the relstive - =
$ temperature of ore formation, at ledst within the epimaml and -
o the upper part of the mesathsﬁmal raﬁge. SN _ _ .

ﬁEFIHITIoﬂ ﬁF FINEEEES. o : . o
N - Th@ finanssa of galﬂ,la aalﬁulﬁteﬂ.in parﬁs per
- thausand and refers to the proportion of gold present in the -
naturally occurring metal in the lode, Which is aclually a gold-
-silver alloy, conteining ususlly sbout 10 poris per thousand of
' base metal and up to 500 psrts per thousand of silver. A clear
distinction should be mode between finenegs @nd gold-silver
ratio. The lattepr refers to the total gold and silver in the
lode as determined by essay and is usually expressed ag the
retiorAuiAg. Only in deposits vhere other silver-bearing - -
. wminerals are entirely ebsent, vhich occurs comparatively rarely,
©L ean the gold-gilver ratio be uged 8s & meagure of gold fineneps
- and, in many coses; the two have no relationship. For instance,.
;in the Edie Creek erea in New Quinea, the lodes formed under -

- shallow epithermsl conditions dll zarry gold 500 to 550 fine,

- although the gold-silver: ratia rapges fromhl.laa ta 1:1, in.places
dn adjacent lodes, S _ _ o o

mmmzmmw&z OF GOLD ﬁzm:mss. L

~ The finanes& of 1@&6 gol& can be ﬁstanmineﬁ only. :
, aftef it has been sepsrated from zll other minerals, - amalgamatzan
recovers gold fairly cleanly -~ unless native silver is pregent - . -
- znd the fineness of zmalgam bullion is geneprslly 2 relisble . EEN
e . indication of the correct fineness of the gold.. If the use of -
B plates is involved, the bullion may be sdultersted, but the = -
effect of any copper, or other metal, that ﬁ@x'have been inbro= -
duced cen be cancelled by essuming that the gold and silver ~
"~ should 8éd up to about 990 fine, -or by ignoring the base metal”
~content altogether, which varies iittle in naturally-occcurring =
- -gold, and in-caleculating for aamparisun.purnases all finsness
e flgures to- ﬁhe basis Aﬁéég 1,&@@.'_ , R

: ' @he campasition of- ba?linn obtaina& frnm.ﬁvaniﬁamg'_,,»
,tian is generally intermediate betwesn the true gold fineness
and the fotal gold-silver prepﬂrtisn a5 determined by assay of .
- . mine or mill-head samplés.. -Cyanide solution dissolves s*hep U
U silver-bearing minerals and the fineness of the resulting -
‘bullion is thepreby lowered. Consequently, the fineness of
‘¢yanide bullion rarely corresponds to the true gold fzﬁﬁnesa
- end is uscless for diagnostic purposes, although it is & common
S - fgllacy to refer-to the finenees of cyanide bullion as the fine- -
‘the - ness of/gold. If no silver other than that contalined in the -
.7 gold is present, its fineness may ‘approximate the true Ligure, - :
ond if only & little extraneocus silver is present, or if- all.theu_f-
silveyr present is containéd in minerals that are soluble in S
“egyenide solution, the bullion fineness gives & useful indication
- of the gold-silver ratio and ite variations, vhich may in itseif
. be quite an important factor in ithe detailed study of mineraliz-

"'ation within a lode ar 1n an. ﬁre—%earing ﬁistrist. The 1nferences
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. dpawn from this, however, should be considered separately from
- thoge drawm from varistions in gold fineness. , o

. The usual-source of gold fineness figures is from =~
bullion oblained by amslgemation or from slluvial gold. The
unreliasbility of these figures and the inabllity tc correlste
. bullion returns with any perticular section or level within the
mine have ‘constituted severe handicaps in the attempt to study -
the full implications of gold fineness variastion, The only L
satisfactory method of obtaining full informastion is o collect
at various horizons samples large enough for & elean physical  ~
separat lon, by grinding snd amslgamation or cther means, of
- sufficient gold to run 2 bullion assay. This, unfortunately,

is seldom done, hence the paucity of information on varistions
in gold fineness within gold lodes, If nore mining compapies
would arrenge to have fineness determinations made on large
represenfative samples from esch level, so thot a mass of o
- reliable information on gold fineness variation ¢ould dbe built
Upy it is likely that this information could be used to indicate
significant varistions in the character of the mineralisation
and give & much better understonding of the conditions of ore -
. formation and the Tactors controlling gold deposition,:. A .plea.

| is made here, t0 gold mine operators, particulerly where average -
. -gold fineness is not high, %o have sufficient work of this kind done
-0 enable & reasonable picture of the gold fineness distribution to .

be ploited on a longitudinal section of the lode, and not to con-
timue to disregard vhal may be & valuable ald to ore~findings = .

¥ARIATIONS IN GOLD FINENESS SUBSEQUEWT TG DEFOSITION,

-

. ' - Tne fineness of the alluvial gold obtained on any
. field is a measure of the finenegs of the gold shed from the reef
“-outerop, but does nol necessarily correspond exasctly %o the fine-

S ness of the gold as deposited in the ore, In many, if not most, -

cases, thée outerop gold is relstively onriched in gold by the
- removal of silver in solution, and in addition the possibility -
. exigts that fine gold msy have beén redeposited from solution

- ‘near the pregent outerop. The removal of silver from gold part-

icles takes place only to 2 limited depth from the surface of

' the particles or from the surface of the individual grains of

which the porticles are composed and has been referred to as

- garface refining asction. ‘This process may take place within

. the lode or afiter the gold has been removed from the oulerop by -~
- eposion and has started its migration towards the alluvial = -
deposits., The wellknown increase in fineness of alluvial geld
downstream with distence from its source is a direct result of

this sufface refining action - not go much because more silveyr -

" is dissolved as it travels along, but because the size of ihe
 particles trensported naturelly decrenses with distance, and

o those with smaller grain size have had a relstively higher. pro-
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"t poption of their bulk exposed to differentisl sclution of silvere
Thus, it has been calculated (Fisher, M.S., 1985}, that nuggets =
op flekes of alluvial gold of thickness lmm. or more, made up of -
grains 0,1 .mm. 4in di=smeter, might be enrlched 10 ;arﬁgﬁ;.ﬁer' 1,000 - :
if the original fireness were 600, and smalleyr particles one tenth .
that aize, just small.encugh to be referred to as dust, might be .
enriched by 30 parts per 1,000, vhile extremely fine dust might . .
be enriched 100 paris per 1,000 or even more, . - .- . 000

.

¢ VUithin the lode.

- - Changes in gold fineéness with/the lode subseguent -
to deposition are most marked in those cases where conditions - - -

are favoursble for secondary enpichment, to which these changes

are naturally related. In many epithermal deposits vhere .

' mengenese is abundant and solutions cen circuiste fairly freely,

- " the effects of secondary enrichment, particularly im tropieal -

V. climates, are well developed. First, the silver is leached from



tha nsar~sur¢ace galé.and reﬁepmsited at or near grsand water

~ level. For instance, al Day Dawn, Edie Creek, the silver content
of the ore was low near the surface, rose to sover 70 oB. per. ton

" nesr the bottom of the oxidised zone snd dropped $o 2.5 ozs per -
ton in the primary ore. 7This leaves the outerop relatively en-
riched in gold of highepr fineness than that originaelly deposited,

. If the environment i favoupsbie and erosion nbl too rapid, the

- gold -elso . is taken into solution and redeposited either at water

level, or somewhere between water-level and the surface, asccopd~

. ing to coneentration, available precipitants and other verisble

factors. &tudies of fineness distribution in New Guineas-indicate,

- that, vhere silver is abundant, the gold thus redeéposited may not
:necessarily be of high fineness but moy be of similar grede to -
the original gold, for although ore values almost everyvhere drop
sharply to unpayable figures in the unoxidised zone, the fineness
of the gold immedistely above the top- of the sulphide zone does .
not show any signifzcaat i“fersnce fram.gnat alaemnere in ﬁhe
mlnﬁﬂn - ’ . . I

‘Under eﬁhcr cmnﬁztions, where ﬁke ﬁiseelvea.axlver
o is flrst removed entirely in solubtion before secondary enrich-~
. ment begins to affect the gold, the re-depositedrgold msy be of
- higher fineness than the originael, as shown by the stuéies of
mzem;y (1944} in the };upa Goldrield, mngaayixn. .

Genarally, aecen&ary enrichmeﬁt of gﬁlﬁ ;oﬁ&s ts o
- glow precess and in many cases lags behind erosion, so that the
h;ghnst gra&e gol& is fcmnﬁ at &nd nnt far %elﬂw the auta?ap.,:

HMuch mnre ﬁgtazleﬁnatuﬁy is reqaire& to ﬁeteﬁﬁine
p";mnr% precisely the effects of secondary prOcesﬁea upon g@la
.,'distributiaa gnﬁ upon gcld.flaenesa. o R

ELATION OF GOLD FINENESS TQ TYPE ez.v ﬁzmsmi o

. s Ledes formed unﬁer Epztharmal cenditi@ns at shali@@
. depths typically contain gold from sbout 500 -to 700 fine. No. -
‘genuine case hasg been found of lode gold with a fineness of lesgs -

.. than sbout 475. In this zone the correspondence between gold
fineness and temperature of formation appesrs to be very close,
~and the gold fineness furnishes a sensitive measure of the con-.
ditions of deposition.  Deposits formed in Late Tertiary times
under shallow cover carry gold sbout 500 fine as 8 rule, while
those formed near the bottom of the zone or in what Graton (1933)
has called the leptothermsl zone - transitionnsl from the epither—
mal to the mesothermal - conlain gold about 700 fine, possibly '
‘ranging up to as mich as '800. Studies made by B.V. Gaines ’
(personal communication) consequent upon the publication of the -
writer's original peper in 1945, furnish an illustration of this
‘type of veriation. Sumples were collected at vorious horizons -
- .4n the Timmins Ochali~Berlin mine near Yarumal in the ﬁﬁtiaqnia

pegion of Colombiam, South Americs,  This lode is considered to 5>4“-7Zf
_have been formed near the top of the mesothermal zons, Gold fine=" -

“nesg in . the primary ore was found to "incresse donnvards from 680 -

L. te 760 over .. vertical distance of 1300 feels, These flg&res Pro- :
© - yide @ very satisfactory confirmation of the deductions as to

';ﬂ;aaraﬁn from.a generel study of the S&bge&t': g

the probable variation in gold fineness st this éepth th&ﬁ were

S ... Exceptions to the rule that epithermal d@pcsits
f.-aarry'anmparatively low-grade gold occur only in deposits in

fz;:ﬁhich silver is congpicuously absent and ingufficient silver . -
“yas prédent in the ore-~bearing solutions to form an allsy~apgpﬁ-

-~ ‘priate to the enviromment. As long as sufficient silver is - '
.. present, even though it is only Jjust saffiazent, lawagrade golﬁ .
L nxll be faund in epithermal &epesita.,.,a, , : e

If tellurium is presenz, it will comﬁxnﬁ with the
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*ﬁo 9(}9 fine, but the fineness mey be higher in aress poor in.
" silvers A very fmmazz fineneSs :m 1odea of". the mgeﬁ’vxermal gZone
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gold and silver in proportions appropriste to the relative cone

centrationg, go that the gold telluride, calaverite, will be.
fometi in pegions like Cripple Creek where little silver is
present in the ore, and silver-gold tellurides wheye silver is

: ahxmdant. - Gold appears to have a greater affinity for tellurdium
than for silver and will combine with it in preference to silver;
If excess gold snd eilver aPe present afier zil the tellupium

has been tsken into combination as tellurides, they will be
deposited as an alloy of fipeness typical of the environment
©+ge in epithermal deposits such ag those of Xaraes-czabe,
Tr:msylvmia, 1{)&? finenesa gel& is fema :

HESGTEERM AND._ f%:ﬁ:am&mz, ﬁamsxg,“. R [ _
' Daposits in’ thm zone ncrmally carry geld frrom 750

=

is 850 ta 870, . _
It 15 net 1;@@351&31@ that unﬁer ce;*’i.ain a;;amia},

: chemical ccmmiens, or in the presence of certain minerals, géla

of lower than the typical fineness may be deposited in mesothermal

depoazts, put such cases, if they e:mst a‘L all, are rare exee@‘siens;

H Bepcsim c:t‘ the hypazheml zons aife;rays cantas.a gold
:i.n exfzess @f 8@@ f.me, no m&tter z}m‘; ,much silver na;v b&: prest,zst
in ‘E;he E)I’ QQ . SO 3 L -

Gela ai" ‘mery high fz.nemag, 990 or mre, is genarally
f;he result of oxidation under conditiong favourable for the com-

- plete removal of silver: Hount Horgan, Queengland and Kslgi)arlxe,
~ Viestern Aastralm, are exmllezzﬁ exzmmle Sa ; ,

.,

Prﬁbahm the mas*i: usef‘eil apyliﬁa%mn af f;mﬁess af _‘

A gala in any deposit is its value in disgnosing the a&nﬁiﬁam

under which the lode was formed. The knowvledge that the ore T
minerals. were deposited under mesothermal or epithermal cammmm

. may well be the stapting point on which detailed study of ore dis~
tribution and 1ts sources are to be based especially. if/éei;azleﬁ
study of the fineness range within the lode, some indication is.

given &8 to i’:‘aﬁ pmbable gﬁgitmn mzmn tne relevani; ZoNe.

The pnssible behmfimr of i;he laae i‘ilth insreaaing

" depth, or more accurately, at lower horizons referred to the -
" geothermal grﬁdient at the time of mineralisation, may then be -

postulated on & fairly firm basiss It may be Qraetimh}.e to

_relate piteh of ore-ghoots and the caarae gf c’}aazmelﬁ of m&nerai« o

isatﬁ,@n to mrmtiena of fineness»

S Similarly, a stu.ﬁy ﬁf ‘the &ﬂrerencea *E.n gelé. fme«- -
ness thx*wghaut a minerelised district may furnish the key to the

magmeiic source of -the mineralisaetion and enable a more reliable R

zoning of the deposits than is possible by any olther neans.

This may lesd te a better undepstanding of the dlstribution of o

mineralisation both within individual lodes and throughout a

‘mineralised district and; taken into consideration with structure

and other. cansi&erat iana, may :E’urrzish an importmt leaﬁ for furtheyr

gmapectmg. ] , : PR R -

Another im,pe?tan‘t; use tc ﬁhi@h a stuﬁy ni‘ tna gam

) fimness ﬁiatributwn can be put is to determine the amount of

secondary enrichment that has taken place, in those lodes where
a nobticesble décrease in grade of ore scours at or shout the

pase of the zone of:oxidation, systematic determination of gold -

fiﬁeness at varieus depths from the surface down to the sulphide
zone sho*ald give a ﬂ:efinite mﬂication of tm»: amm: of seaanéaw

e viBad e
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_ enrichmen:t; tha?; hes taken place s if any, and theraby shew @hether: -

the drop in ore values can be sccounted for wholly or partly by

““this process, or whetner it represents the bottem nf & ;gmmar;v _
- ore shm:tt. : , _ : o

In an area where more then one grade of gald aecum, 8

the ases %o vhich a knowledge of the gold fineness can be put are

indeed manifolds The relative importance as sources. of gold of

- the verious arecas drained by different sireams can be asgessed

with some accuracys. For instance, on the HMorcobe Goldfield, the
fineness of gold below the junction of the Vatut and-Bulols rivers

- aversges a8bout 740, that of the Watut above the junction 825, and
 that of the Bulolo 665 which shows that approximately 2/6 of the

gold below the- junctian hes come down the Viatul ‘river, and 3/5 of -

.- . the gold down the Bulolo, Where allovwance is made for the vast.

guantity of gold that hes remained in the extensive alluvial
deposits of the Bulolo river sbove the Jjunetion, it is obvious
that the Bulolo watershed is much the more imporitsant source of
the two, Numerous other exemples of the use of gold fineness -
in determining the relative importonce of different gold sheds =

- are'set out in the writer's pamper. on the finemss of g:}ld, to
R which refarence has ﬁmixmsly “been mada. - i :

ﬁmilarly, suﬁden cﬁaﬁges m the finenﬁss of gald

-aleag a s‘éream moy indicate the presence of importent new

sources of gold. On the Norobe field, small locel. im:reaseé in

- fineness ore caused by the addition of high~grade gold {870 fine}

from creeks @raining aress in which gold is associated with
grenddiorites On the cther hand, the aversge fineness of gold

‘in the Bulolo river when il passes the mouth of Koranga Creek, .
drops from 777 to 658, shawing tnat a m;lor :sm,xz‘ee mi‘ lcﬂ«-grade -

geld hag’ baen tappe&.

: The yalue tn the prcszsectar of the knmrleﬁge af
the relative importance of the vorious contpibutory sireams

" -is cbvious, as it provides, for him an aréer ef prefereuee izz

his praﬁz;ectmg mrka

| In &0 area where the finenegs of ﬁze gz}la gageczateﬁ"-"

’ with ench type of intrusive has been well established, the yalue

of the gold not only gives the prospector and the geclogist a

. definite lesd towards its source, bul also indicateg . its probable

geologioenl associstions and the type of deposit to be loocked for.

 For inetsnce, from a knowledge of the distribution of the gold in . -

the Warias River ares, New Guinea, and of its fineness, it vas

- pogsible. to forecast-with some sccurscy the main features of the

economic geology of that district, the position of the main
granitic maes and the type and @.mtribu ;igm cf varim:zs smallex*

o v:aar;phyry mtrusienss ~
”Gaﬁc 6:..

“

Sz; little dfetailed ‘EQ k has ye‘b been dme on’ tha

. manner aﬁ' gold fineness variation, perticularly within inﬁimdual‘ L :

lodes, on the causes contributing to this variastion and on the
possible modifying factors, that the applicetions set out in this

- paper way be regerded as only & few of the practical uses to which

informaticn on gold fineness may eventually be put,; when more

_résearch has been undertaken and #. fuller understanding reached .
. of the processes involved, An opportunity is. thereby provided -
for gold~mining companies to make a very real coniribution to the

application of scientific methods to prospecting for further ore:
deposits; and this paper concludes with another plea to operators.

-0 determine, record ond study the distribution of gold fineness
. on the properties they control, espeeially if the fincness is
relatively low ar vamable, an& te pnblmh t‘na resultg si' saeh

:Lmraat igat ions.
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