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LOCATION:

The Holden gold-copper property is in the GChelan
range on Railroad Creek and about fifty-two miles north west
of the towm of Chelan, Washington,

The topography near the mine consists of a series of
more or less parallel high hills, some rising to more than

eight thousand feet, with narrow creeks in between.,

GENERAL GEOQOLOGY.

In this deposit the ore occurs in metamorphosed sed-
iments, probably, pre Cambrian, and consists of an ifregular
lense. The ore itself appears to be of Mesozoic Age. It is
intruded by Mesozoic acid and intermediate intrusions, and
the end pfoducts that have formed, have appeared as small dykes,
There was considerable silification with the deposition of the
ore.With one exception no major faulting has taken place, Minor
movements, however, are numerous.

The strike of the ore body is S. 350 E., and it dips‘

) 0
5, W. betwsen 65 and 75 .

Mineralogy of the Ore:

The Chelan is a contact type-of deposit.
The percentage composition of the ore is approximatelys
35 % Quattz
5 % Pyrite

25 9 Sphalerite
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1}% Chalcopyrite

20 % Pyrrhotite. g

rd

The principal shlphides in order of relative abund-

ance are;- Sphalerite, Pyrrhotite, Chalcopyrite, and pyrite.

i
Silx representative sections were examined,

A general
idea of the mineralogical relations was ascertained.

PYRITE:

It occurs as irregular fragments varying in size from

several mms. to one or two microns, Generally, it is fairly well;

crystallized but is also fractured and corroded with quartz,
3P HAIBERITE:

This is the most abundant of the sulphides.

i
It is in :
intimate contact with the chalcopyrite and pyrhotite,

Some
irregularities in the outline of the sphalerite indicate that

it tended to crystallize first,

CHALCOPYRITS:

This comprises about twenty per cent of the sulphides
D

j‘i,/“’[ /}x{.‘[-l;} ‘{,\f oL
present, I has smoothly rounded boundaries. th
“,l, { 17
[ ;',4"’{‘" =y
e 7 ; ¢
Lyopehr s
7
PYRRHOTITE:

PP

This represents about géfﬁggghper cent of the sulphides.

The regular contacts of the sphalerite, chalcopyrite,

and



pyrrhotite, denote them to be of contemporaneous deposition,

The gangue is composed of quartz and sericite, The
quartz is of two ages. The original material being clear, while
the second generation, or recrystallized quartz, is dark and veins
. o H y »

the earlier mineral,

Gold was found to be disseminated through the original
quartz. Assays run on rejects from the polished sections showed
that the sulphides also carried a minor amount. The gold was
‘very fine, the sizes being less than a micron. None was seen

in association with the sulphide minerals.

ASBAYS,

245 Gross CUt e..vsvrssssernansaenns..s04 0z, /Ton,
550 stope ...........................Tracé
700 " y» 243 chute.o.ivuna..... +...Trace
243 " PO Ceeeaa e ..Trace

700 ", 248 chfibe .ssesreeasens....01l 0z/Ton.
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A study of the above sections showed two probable
periods of mineralizations. Emanations from %he gfanite high in
silica and shlphur dioxide first made their way along the
fractured contact zoune.

Pyrite was probably the first mineral to crystall-
ize--as shown by the good crystal outline of some and also by
the fracturing and Krosion of other crystals. Gold precipitated
with the quartz and became finely dessiminated through it, =
typical high tewmperature ovcurrence,

Later there was fracturing of the original zone
material and what appeared to be in the section another later

generation of quartz, is in reality , a recrystallization of the

original quartz; and this process of solution &nd recrystallisation



paralleliéd the deposition of the sulphides., Thus, as the
mineralization solution was injected, the sulphides came in
contact with gold already present, which mey account for its
' being associated with the chalcopyrite, sphalerite and

pyrrhotite,



ILLUSTRATION I,

This shows the pyrite
veined with pyrrhotite,
sphalerite and quartz,
The sulphides, veining
the pyrite, are obvious-
ly later,

ILLUSTRATION 2.

This photo micrograph
clearly shows the or=-
iginal and recrystall-
ized quartz. Note the
chalcopyrite crystal

surrounded by the re-
crystallized quartz.




ILLUSTRATION 3.

This illustrates clearly,
by their smoothly rounded
boundaries, the contem-
poraneous deposition of
the chalcopyrite, pyrr=
hotite and sphalerite,
Sericite is also present,

ILLUSTRATION 4.
% 2430

This photo micrograph
shows the gold in islands thru
the original quartz. The
average size of the gold part-
icles is about .4 microns,




DISTRIBUTION OF GOLD IN ROUGHER TATLINGS FROM CHELAN DIVISION

- HOWE_SQUND COMPANY,HOLDEN, WASH.

o  _:k;  . After flotation of a copper concentréte

‘thé rougher tailings from. the Chelan m111 gtill carry appreclaﬁle

,amount of goWd & sample of yhese;talllngs was recelved;by the
~ Dept. of Geology,,UhivebSity Of‘B;C;, fOr,investigation of the 
~miheralogicél association andfdiétribufiqn of the gold.

’ ,Briéfly; the method was to screenésiZe

’aklafge sample déwh to }?OO mesh, size thém-2od'material inﬁoﬁ
seven produétsﬁwith(thevHau¥téin 'In%raesizerf;‘and~tol'pén'

all the’produofs; ~Four minefal'prOducts ﬁéfektaken ffbm the
Panner, In uhe tabWes these ‘are des1gnﬂued Tip, Pyrite,
o Mlddllng and Tall and. the mlneralog;cal‘Qom§051tlons are as -
fjfollows. ; | ’

‘Tip = = free gold galenﬂ, plus some pyrlte,‘
. Pyrlte- at least 997 pure pyrlte.

Mid, ; —Sphaler;te, any cnalc0pyr1te pfeseh#, orkpyrrhgtite,

) ?lus upyt§'30% pyrite, and ameéllfamouht of‘silicébus
material. ‘ o | |
, Taii: ~ SiliceﬁUskmatefial cénfaining uhder’l% sulphur.,V
k Finally, all the products were weighed and

’, assayed usihgkohe, fwb, thfee,;or four'assay FOn phérges; dé?end;
ing on ﬁhe a@ount:ofnmatgrial available égdzthekimportancé’Of the .
‘assay;  E:9m~these weighgs and assays the following tables havek

been constructeds
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 DABIE #1 - SIZB DISTRIBUTION OF GOLD.

Content  DISTRIBUIION %

PRODUCT SIZE ; S uﬁz,AH./%on‘ Mg, Au. Wy % ‘ Au %
Head - 0,024 4;20 T TA00.0 1000
'Samgh;)‘____*;___;k__.m e s e i e Sl L D
‘;535 0.032 <020 044 0.4
Ao 0,047 1,338 4.1 6,9
4100 04050 1.048 12,0 21.5 |
- Aso 0.060 1,770 16,8 36,4 f
200 004020 - 725 2049 15,0 i
o e o s R ‘ e J |
s —" - 0,025 2143 2.3 2.9 |
T R M ;
sy W 1 0.015 .334 12.7 6.8
e e
#3 v 0.010 150 8.6 3.1 |
4 0.010 s101 548 3,1
#5 ‘ 0,007 049 a0 1,0
4 0005 o35 29 0.8
o . o0.010 181 8.5 3.1
' S0 SR : 44864 100,0  100.0
Note: Yeight loss in soreening - 1.5 % ) Weight-Corrected T |
‘ ' “Infrasizing - 1,9 % ) in Table #1. ' : Sy

Assayed head = =~ 0,024 Oz. Au. per ton. o |
Calculated head - 0,028 Oz, Au. per ton, ‘ ’ : |
Calculations are based on the latter as this is regarded |

as more nearly correct ( see E, & M, Jour. Vol. 138 PP.353)

€
s




TABLE #£8 - VINERATOGICAL DISTRIBUTION.OF GOLD

Gontent DISTRIBUTION

ot 7 chu, Oz/ton Mg, Au, IN PRODUGCTS ‘ TOPAL DISTRIBUTION %
S Wee X Bu.% WT. % Au. 7%
dagiio 0.032 0,020 - £ 0.4 o4
J65 FEED . 047" )  .338 _ e L. 2 ST 6.9
Tip 194,5 .200 0,014 59,2 <0006 4.0 T
Mid, .29 010 4 330 $016 .2
Tail S017 J123 99.6 36.4 4.1 2.6
. . 333 100.0 98,6
O ZEED_ _ _ _ 080 1,088 _ _ _ _ ___ ____ ______1a0__ . _ R15_
Tip 2140 .330 .007 - T 3135 0008 6.8
Pyrite 2.335 .160 3 15.3 036 3.2
Mid, L350 <120 1.6 11.4 20 2.5
Tail 019 390 98,1 37.3 11.8 8.0
101,000 100,0 95.5 :
|50 FEED 2060 LeT70 = __ .~ . _ ¥ 364
b omip amie o Ls00 . .azp . 28in .02 10.3
o O Byrite <233 © 160 2.5 9,0 4 3.2
A Mid. C G197 257 4,5 .. 1455 7 5.3
| masic o 030 <830 93.0  _4643 15,7 17.0
, : 1,737 100.0 98.9 ‘
|00 FEED . __.020 _ _ 4725_ LT O ERERERI 20,9 _ 15.0 . _
T Tip T T TR . 015 014 .0 - 5008 7 )
1 Pyrite 2020 072 10.0 10,0 2.1 1.5
| oMid. .035 .123 9.6 16,9 2,0 2.6
| Tadl .021 .617 80.4 . 85,0 < 16,8 12.7

- 827 100.0 - 133.9
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SUMMARY AND CONGLUSIONS,

L. SIZE DISTRIBUTION OF GOLD: TIuspection. of Table #l 1ndlcates
b «that-about 807 of the gold is in the }?OO mesh p
SRR materlal Whlch constitubes about 52% by Welght
24 MINERALOGICAL DIoTRIBUTION or GOLD' The mlddllng products
‘. average about 257 pyrite and 57 siliceous impurities,
and the tabulatlon below is 511ghtly corrected for
~» these figurest: :

Mineralogical assoolatlon. % ﬁotal A total Aus % Au/%Wh.

S oFrée gold,viveviveiinnainee : o 2242 . 100,00
Pyrl{eevOttooctqﬁo¢-oc- e 8:5 v ‘ 1303 5 1.56 .
Sphalerite,pyrrhotite,chals = 5.3 . 1.7+  R.21

© Biliceous gaENgUEs ... R 777 R X< S 0,63
#35 mesh & #1Infrasizer = T 96,6 ‘ :
products were ot panned. . 8.5 o 3.4

o e 100,0. ' 100.0
CRAHHG ‘ ' :

Mlneraloglcally the gold tends to favor the
sohalerlte and/br pyrrhotite, probably the latter. The 1nfereaoe
is that sections of the mine rlch in pyrrhotlte would be richer
in gold

About SOp of the gold is assoclated w1th the

,gangue, In view of the fact that the flnest pure gangue carries ,
at least ;005 Oz, Au / ton, we can say that at least 20% of the gold occurs
as f1ne1y~dvssem1nated partlales throughout the ore-body.
- ‘Such an occurrence of dlssem1n1ted gold, which

does not notably favor any particular mineral, is typlcal ©of the
'hlgh temperature, contact-metamorphﬂc ore —body. ;

3. It was not possmble to demonstrate that the loss of free gold.in

' the flotation circuit is due to refactory coatings. True, the gold

- particles do appear rather dark cclored but- are similar in appearance

" to gold particles from other dep081ts. & chemical test of gold
concentrate indicated about one part in ten million-of manganese, “but
this might have come from other sources, such as- tramp 1ron.

4, The fact thut 'tlps gave no test for copper 1ndlcates that native
- copper is not present in the rougher talllngs. '
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- Introduction:

~This work was underteken in -an endeaVour to find'a‘
possible'way of more accdrately idéntifying the @old—beafing

tellurides, As these mlnerals rarely occur as single spe01mens

but usvally as 1ntergrowths of severﬂl tellurldes, it was necessary

to study:asfmany;members of the famlly as poselble;
A 1arge number of Spec1mens were collected Whlch
were supposedly 1dent1f1ed On checklng these speclmens, by etch

: tests, wmth those of the present authorltles, Schnelderholm und

Ramdohr, Short and Stlllwell, 1t was found that these Workers dls-

7

'agreed among themselves and also that Speclnens acqulred by us were

| '1ncorrectly labeliedo

e Accordlngly all avallable information on thekchar-
acterlsﬁles of thls femily was procured, 8 summary of Whlch is

1ncluded in this papere

I
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Summary of Available Information Concerning Tellurides.

HESSITE:  Ag,Te Isometric,

. Crystals sometimes highly;mddified and diStorted;’also massiQe
i compa ot or flne~gralned;~rarely coarse granular°

Cleavage. kIndlstlncta ’

Fracture: Even -—»édmewhat sectiié;

Hardnessﬁ ;2;5 - 3;'H

~spec;,cr=' 8:45 - 8.89

~ Color : between lead and steel gray.

- Color in section MNO, HCL KONZ0Z Fefl, 20%  HgCly(Sat) KOH(Ses)

Galena white P P P P p N

When isolated in areas of quartz or cérbonate, its color
is distinctly creamy white, but inicohtr&stWWiﬁh créamy‘whité'sylvanite,
“knennerlﬁe@, or calaverlte, there is a bluzsh tint Whlle in contact

altalte its color becomes purpllsh gray.

T

' OCCURRENCE’

Hesolte occurs both ag a prlmary and secondary ’cellurldeQ

F"It 1s assocvated with Pet21te and other tellurides, gold and sulph-

71des. It may be in rounded areas Wlthout crystalllne form or'asg

: ragged inclusions,




w
lo‘ .

PETZITE: (Agﬂu)a Te, Isometric,

:,Massi#e fine'to~cempiaet;

,Frédture: , Sﬁbconcﬁoidalg

| Slightly sectile to brittle.
| Hﬁrdness: ,2;5 - 3. - |

Specs Gr: 8.7 - 9,02,

~ CGolor :  Steel or iron gray to-iron blacks..often tarnishing,

Solor in section HNO; HOL KON2OZ FeGly#of  HeCl,(sat)  KoH(Sa)

Grayish white ~ P N q LR p T  y

g

Pet21te may be 1dent1fled by its characterlstlc gold etch pattern,

;;1ts Trlangular cleavage plts and its 1sotroplsm,k Hess1te shows none
: /i é;f‘ éﬁw&nwﬁd wafﬁfw .

of these propertles,'
' in contrast to Hessmte it shows a falnt blulsh tlnge on well-polished

surfaces. It 1s more brlttle than Hess1te.(

OCCURRENCE s -

- Similar to and associated with Hessite;



ALTATTE:  PbTe Isometric.

Cleavage: - Gubic.

Fractﬁre; _fSubCOnchoidal;

Sectile;

’Ha;dness: 3 '

Spec. Gr: 8416, . e ~ ‘ ' ; j ' ‘ v -
Color” : Tin white with a yellowish tinge, tarnishing to

bronze yellowgy

Color in.section HNQa.\ HC1 Kcho% FeClg_g% HeC 2(8& ) 'KOH(Sat)'

Wnite PE. P N P w N

-Altaite readily distinguiéhed from other’tellurides‘in
polishedkéection,by itS‘white color, cubicai'cleavagé and its efch—
. ing with Hydrochloric acid;, Tt is closely s1m11ar to Naumannlte(Agsz)Se,
the dlstln ction belng dependent on a micro= chemlcal test for

~ Selenium,

’fOBDURRENCE'
It is prmmary and ds assocvated with other tellurldes free

~gold and the usual sulphlde miherals.



TETRADYMITE ; Biy(TeS), Rhombohedral,

Cleavage: Basal perféét.

Laminae flexiﬁle - not very sectile.
Hardness: 1.5 - 8 =~ soils paper,
Spec, Grs Ted = Tebs . |

Lustre Metallic splendent.
Oolor Pale steel gray,

Color in section HNO HCl  KON2OY FeCl,20% HgClz(Sat) KOH(Sat )
~ et ching ~ :

Galena white = P.E, N N P N N

Avaeilable ‘information concerned only atomic structure.



a 5

RIGKARDITE:) - Cu Te

=) 4 '3
- )

WEISSITE, ) Cu 3

Both massive.

Hérdness: 3.5 =and = 3,0

Spece Gr: 7,5 and 6,0

Colors Dee? pﬁrple énd dark bluish black -~ black,

Fa
L

Golor in section HNO, HE1 KON207 FeCl,20% HgCl,(Sat) KOH(Sat)

Purple P.E. P P P P , P

These show no difference, The color may be bluish gray
or even blue as well as purplel The details of etching are

_similar to Chalcocite.
OCCURRENCE ;

Iy is secondary and its association is similar to obther

tellurides.
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CALAVERITE; (muﬁg)'Tez

’M3851Ve 1ndlst1nctly crystalllne - Brlttle.
: Hardness. 2;5

Spec; Gr: = 9,045

 Color & Pale bronze yellow.

Calaverite has a muchkhigher per cent of gold bhan sylvanite,

Golér in section HNO. _HCL KON 207 FeCL,20%  HeCl,{Sat) KOH(Sat)

Creamy white PE. N W P .§m p

It is~anisotropicfand éhowé fine etch'1inés; ’Itfdoes hdt“
 ;s how any éleavage as opposed to Krénneri@e. Calaverité is‘gener,
V;ally allotrlomorph10$ :

: QGCURRENCE:‘

A pélmary tellurlde and is moot éommonTj a58061ated

with Colorad01te. It dlss0011tes at a shallow devel into second=
©oary Sylvanlte, Pet21te, and free Gold fOther assOc;ates are the

%  tel1ur1um~m1nera1s and sulphides.




NAGYAGITE: kAugblé b, Te, Sy, (?) Orthorhombic.

Gleavages (B) Perfect,
‘Thin laminae flexible,
Hapdnesss 1 = 1,5

Spec. Gr: 648 = TeRd

Lustre i Metallic Splendent.,

‘Streak and Color: Blackish--lead gray,

Golor in section HN03 HC1  KCN20% FeGlJZO% HgClz(Sat) KOH(Sat)

White P N N N N

Its identification is assisted by the peculiar uneven

surface and polishs It is anisotropic.

OCCURRENCE

Same as other tellurides,




&

KEBNIBRITH:  (Aubg)Te, (?) Orthorhombiac.

~

Cleavage: One direction (C) perfect.
Fracture: Subconchoidal to uneven,

X Brittie.

- 8pec. Gr: 8.3,

Golor : Silver white to brass vellow,

Color in section Mo, _HO1 _KON 20% _FeCi,20% ﬁgClz(ég_’g ) _KoH(Sat)
Creamy white P.I, N N P N P
Krennerite has perfect cléavage, develops etch'lines and may be

gilver white,
" OCCURRENCE :

It has not been recognized in any association suggestive
of "secondary origin and its associations are similar to

Sylvanite,




3 10s

»

; Sy : :
SYLVANITE: i ~(ﬂﬁAg)‘Te4 . Monoclinic
:Cleévage: '.one direction perfect (b)e
fFrﬁCture: unéven R |
Hardneés: ‘~ig5 -2 B e Brittle.
 Spec. Gr: 7.9 ~‘8;3{;
‘Golorv ¢ ‘Pure Steel gray to silier White‘inclining

to yellowish,

Color im section ~HNO, HGL KON 207 FeCl.20% . HgClo(sat) KOH(Sat)

A

Creamy Wuite  P.E. N W P W N

Sylvahiﬁe sometimes'shoWs‘1amellar‘twinning~ahd bireflection, I
zis diffiéulfyto tel1 from Krennerite Eut‘where it is ‘able fo
«’show gboﬁ cieav&ge,‘ihé minera1~is<désgribed,as'Krennerite
ﬂWhéfééitfis not:clearly Syl&anité, Sylvanité:doeswnot dé?elop
~ fine eﬁch 1i‘nes;

OGCURRENCE ¢

“In ﬁrimary associations wiéhtCalaverite, Petiite,
Heseite, Alteite,Nagyagite, Seligmannite,Gold, and Sulphide

minera ls,

€.




GOLORADOITE:

Cleavage:
Hardness:
Spec, Gr:

Color :

Golor in sechion HNO, HOL _KON zo% | FeC1,20%

Grayish white P

HgTe

One directioh - /77
2.5
8,07

Iron black,

etching

HgOl,(Sat) KOH(Sat)

N N

N N

This 1is one of the hardest and more brittle tellurides., Its

color in polished section varies from grayish white to brownizh

white or white., Btched surfaces treated with FeCl3 and ¢leaned with

HCl show strong anisotropism.

OCGURRENCE

* It occurs in veins with Calaverite, and also with Krennerite,

Sylvanite, Petzite and Altaite. In comparison with other tellurides,

it is conspicuously an associate of primery free gold.




VELONITE:

NiT
s

Cleavage}  One perfect.

-In indistinct granular and foliated partivles.

Color : Reddish white,
Lustre Metallic.
Hardness: 1 - 1.5,

Spec. Gre 7434

etching

Color in Section HM03 HC1 KCNZO%V FeClo207%  HpOl,(Sat) KOH(Sat)

Creamy Pinkwv inP.B. N N P N

N ¢

~This is the hardest telluride, and the most brittle, These with

its creamy pink color, make it easily recognized,

OCCURRENGE:

Whethér primary or secondary is not known. Associations

‘similar to other tellurides.
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INTAMOKITE: . hulig Telluride.

No availablé information;

BTCH TESTS.

A A e e etchlng : :
Color in section HNOs  HC1 KCN207 FoCls20%4 _HeClp(Sat)  KOH(Sat)
coo - B R <) o [ X L
Grayish white P N N P P N
SIUTZITE: S ( )

k e A rare 51lver tellurWde.
’Negatlve to utavdard etchlng tests.
hHardnesg loﬁg
. ASS;?iafed with obher %eliuriqes,
FolloWSgedges“of Hessité'Vein énd trahsgfesseS'it inn?arto

Kalgobrlie, &ustralia.

: = ‘ etchlng " ’
Color in ectlon HNo3 HOL KON 20%  FeCl 207 Hgll,(5a¢) _KOH(Sat)
Grayish white ¥ N N N T R N

L T e
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| IELLORIUN: v Rhombohedral,

In prismatic crystals,

- Commonly columnar to fine granular massive,

Perfect prismatic cleavage.

Hardness: 2 = 25

Spec, Gr: . 6.2 -

 Lustre ¢ Metallic. |

- Color and streak: = Tin white.

e o .~ etching -
Bolor in section HNO3 HCl KGN 20% FeClBZO%'*‘,HgClQ(sat).
 TWnite CPE. NN N N

GRUNLINGITE: BigTeS,
MaSsiveo
Cleavage: one direction'pérfect;
_Color i  Gray. -
. Bpec, Gr: - 7,32,
No aVaiiable information.
ORIETITE: BigTeS4

Similar %o Granlingite;

No available informations -

KOH(Sat )

N




15. : ] : ! 18
' HNQ, i1 | pel ACY z0% | EClL %l HCL | KOH. __
‘ Color in Section| FLS NMS Cor|FLS NS Ger|FLS NME Cer Iy & um.g Gon |FLE NME Cor |NMB| LS Gam || Remaxss:
 {Kitaite White BE | BT | P PL W] ® T 5T N TN TK TR Teotropic
Iantomokite | Grayish white| P M g N P ) e N ) )
| Calaverite | Creamy PR X;ES PV Ng N N| N N N P p | p|X N N P N | P Anisotropic
Coloradoite | Grayish " P PS Pl N PS| N{ N N N P ii]: PN N N N N N (
Hegoaite Galena " P PI P{ Pl PS|{ N| R Ps P P PI PP PS N N N Isotropic and Anisotropic
Krennerite Creamy FPE PES NN N N P PI TN ¥ P N Anisotropic
lolonito Crean PR | PES Ny P NN P i e wo |y R
Magyagite White P P;L; Pl N{N NI N N N N i N | N N N N N N Anigotropic
Petzite Grayish " P PI N | PI NN p | p1 Pl ys 1w | Isotropic A
Rickardite Purple PE = Pj P 1’3\.5L HN| P P ! 4P ] P Nl P PS N P P N )
Sylvanite Creamy PE i Py N | H NN N v P ; P Ni-M N N N H N Arisotroplc
Stﬁtzita B Grayish " - | ¥ N N N N i . N N Anisotropic
Tellurium White B P8 ' P[NP Nlu N N N PSP | N N N N N N Aniuotropi(é
| I
Tetradymite | Galena PE ] P N|PI| N|N N N P | P PN N N N N Anigotropic
Legend:
FIS,......FL lstillwell. . - ‘ 7 o PI...,..Positive with iridesceroce.
NSS,...... 84 Short,. PES,.., .Pos:‘;.tive with effervescence and .staina.
Germ....s H; Schneiderholm und Rhamdohr, e ) PS,.....Positive with stains, N
Poovvovss Positive N,..,,.Negative. R
PE........Positive with effervescence;




Examination of Labelled Specimens,

Section ﬁl;

‘This specimen was acquired from a reputahle scientific house
and was marked Altaite. Upon examination, the polished section was
found to éonﬁaih three intergrdwn tellurides, the properties and etch
reactions of which were as follows: |

(a) Position of mineral in the section
log ~ 53,1 and 22,1
color ¢ creamy white
Hardness: B -
Anisotropic ¢ Light to aérk

No visible cleavage,

HNO3 HC1 KCN FeCl3 HpCl - KOH

P N N P.stains N N

This mineral is believed to be Sylvanite but no twinning

lamellae were seen,

(b) log - 51.0 and 24.0
color ¢ creamy white
hardness 3 B
Anigotropic ¢ Light to dark;

This mineral was in intimate smooth contact with (a).

HNO,_ _HCL KCN FeCl HgGl, KOH
o 3
P N N N N N

This mineral is probably Nagyagite.



(c)v log - 49.5 and 13.5
color ¢  Grayish white.
hardness: A.
Isotropic.

In contact with (a).

o HE1 KCN FeCl HeCL, KOH
. “3‘ 3 [
P ‘ N N P, stains B N

This was considered to be Petzibe but lacks the charac-
teristic triangular cleavage pits described by other workers., It

should be intergrown with Hessite.

20 20 b 5D s b e bin B4 e Bs Fw B ey

Section #2.
ThisfSpecimen was acquired from the same source as #1e
It was 1abelled Bylvanite. The results of tests were:
| log: £0.4
color: Oreany white,
Hardness: c /

Anisotropic slightly,

HIO _HOL KON FeCl,  _HECL KOH
-3 3 4
P N N N N P stains.

This mineral does not check with the etch test reactions of
eny known telluride nor does it show lamellar twinning. Identifi-

cation by this means is impossible.



. il
Section #3.

This telluride was received from the mame source as #1

and #2. It ves merked Calaverite.

log 53 and 15.
color : creamy white,
hardness: Ce

Anisobropism  strong.

Habits Long acicular crystals,
HNO HCL KGN FeGl HgCl_ - KOH
S e o Hebls NS
Pwith effe N N N P dark N
: stain

As these etch reactions do not correspong to any given in the

proceeding table identification was impossible,

. [
Section #4.,
This was also received with the previous specimens, It

wes labelled Petzite. It was found to contain an intergrowth of two

tellurides,

"log 53.1 and 15,

(a) Color : Greamy white.
. Hardness B

Anisotropic.
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HNO ‘HO1L KON oGl  Hgl  _KOH_

T ‘ T - g ; 2 o

P N N P stainsg N N
From the etch tests this would appear to be Sylvanite,

but 1t shows no tw1nn1hg.

‘(b) - Color : ;Greyishkwhiteg;

Hardnesssy =~ A

: Isdtropic,
HYO . _HEL . _ KON _FeClL, HeGl,  _KOH
; 3 T o AR i
Pefr, - N N P darlkens P : N

- ThlS may be Petzite but does noﬁ show the cleavage pits
,<descr1bed by Short and StlllNell Mso, accordlng bo theun, 1t should

be 1ntergrown With Hessite.

These etch tests were all checked &ndeoendently by
khess s. WeHe Whlte and E Schmldt Prom this work 1t was reallzed
“.thdt some other means of 1dept1flcatvon muut be found In order to
d@ thasﬁmzf was necessary to gét as mﬁny spec1mené of each mineral

as posslble.



CRIPPLE CREEK TELLURIDES,

Some samples from Cripple Creek, Colorado, were
collected by Dr, HeV. Warren,, These were mounted in bakelite and
poliished. The set included some high grade concentrates which were

treated similarly,

The following is the result of microscopic examination

and étching:

Section ﬁl;
Log 15 and 52

Two tellurides were present.

() Color : Grayish white.
Hardnessgi: A

Anisotropism  doubtful,

INO HEEL KON FeClj HgClN cKOH
P N N P P N

" Due to the fact that Petzite may be either positive or
ﬁegative wity HEL, this probably is it. Apparently the reaction

varies with the direction in which the seftion is cut.



Ak

i‘~Sgecg Tﬁéf .
i log 43 and 14.75.
~Colorkk : .Creaﬁy'white.
Hardneés{ Cs
Aﬁisoﬁropic?.; ,
_}_I_N_% , yg;__ Ko _b_ﬁ_e_qlé . _Hg01, .Kﬁg
P stains NN P ' N P

From 1ts etch tests, this. ds Calaverlte,V MoN, Short
- states that it is Negatlve to KOH but both Stlllwell and Schnelderholm
"and Ramdohr Syate that:lt is possible, -

~

P

| Other sectlons from this suite Wére eaamlned but due to
the w1de dllference in etch beactlons, the results were con31dereakof
no_value,’ | | k
| The pbsltlons of the minerals were logged with the
1arge scale towérd ‘the lamp and the small scale con ‘the left hand 31de of

the mlcrOSOOpe stage. The number on the section faces the Qperator.
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Through the efforts of Dr. H.V.Wﬁrren arrangements were
made with the Washington Geophysical Laboratory, that they should
send us some specimens. These wefe three in number, and consisted
of X-rayed specimens, The X-ray examination of minerals is sup-
posed to be the last word in accurady, and the ideﬁtification by
this method considered definite.

However, after mounting and polishing, and making a micro-
scopic examination of the three/spediméns, it was found that one of

them contained two intergrown tellurides and also free gold,

Results of Btch Tests on X-rayed Specimens.
- ; Specimens marked Calaverite.
Bolor ¢ creamy white
Hafdﬁess s C

Anisotropic,

HNO;  HCL KON Fe013 HgCl2 KOoH

P N N Pdarkens N N

This agreed with Short., Both Stillwell and Schneiderholm

und Hamdohr meke Calaverite positive with KOH,

‘Section #2.

Specimen marked Sylvanite,
Golor _+ ¢ creamy white

’ Hardness 't C-

Anisotropic,
HNO,, HCL KCN FeClg ﬂgClZ KOH
P N N P N P



This specimen showed the distimet lamellar twinning described
in the literature as being distinctive of Sylvenites; However,
none of the reference works give a positive reaction with KOH,

Illustration 1.

Section #3.
Specimen nmarked Krennerite,

Color :  Creamy white

Hardness 3 C

Anisotropic,
(a) HNO,  HCL KON FeClg HgClo KOH

P N N N N N

From the color in section, hardness and anisotropism, this is
assumed to be Krennerite, However, it gives the etch reactions

for Nagyagite.

(v) Color ¢ Grayish whité
Hardness ¢ A
. Isotrophec,

P N P P N N

The identification of this is doubtful as it does not check
with any given reactions, It is thought to be Petzite., This
section also montained free gold,.
Illustration 2.
All these tests were checked independently by Dr. Warren, From -

the results , it may be seen that the etch reatctions are of
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doubtful value in determining the members of the telluride

family, essuming X~ray analysis to be correcte.



22,

ILLUSTRATION I.

Lamellar twinning
as exhibited by some

specimens of Sylvanite,

Mag. x 154

ILLUSTRATION 2.

Three tellurides
and free gold in X-Rayed

specimen marked Reédnnspite.

Mag, x 154



Examination of Wilke/Sections.

A number of specimens were obtained from Wilke in California,
These were all identifiedswihAfter mounting and polishing, the

check etch tests were as followsge

Section ﬁ;; Sp ecimen merked Sylvenite
Color ¢ Creamy white

Herdness ¢ G

Anisotropics,
HNO HC1 KGN FeCl., HgCl KOH -
=3 ’ ° 2
P N N P N N

This agreed with the work of others but did not show the

twinning of the Washington specimeh; Also, it was not positive

to KOH.
Section ﬁZé--' Specimen marked Tetradymites
Color ¢ Galens white

Hardness - ¢ B

Anisotropic;
NO - H KCN PeCl H H
Hh Cl 2 l3; _gClz KO
P P N P N N

This agreed with the reactions.given by M.N. Shorté It shows
perfect bhasal cleavage, It is undoubtedly Tetradymite.
Section # 35 Specimen marked Altaites

“This contains two telluridés'intergrown. The Altaite was
white while the other & much darker-almost brownish mineral-was

unidentifiable,



. Golor ¢ White
Herdness : B

Doubtfully Isotropic.

HNO3 - HG1 KGN FéCl3 InglE KoH
p P N P N N

This is believed to be Altaite, fccording to Stillwell, the
stain with FeCl3 persists after buffing which was a noticesble

feature of this mineral.

Section #4. Specimen marked Nagyagites
Color ¢ White

Hardness» s B

Anisotropism doubtful.

HNO, " HCL KON FeCly HgCl, KOH
P N N N ' N N

This agreed with the tests of other workers,

Section #5. Specimen marked Calaverite.
Cclor ¢ Créamy white

" Hardness ¢ (

Anisotropics
HNO, HG1 KON FeCl, HgCl %o
P N N P N P

This agreed with Stillwell and Schneiderholm und Ramdohr, but
Short states it negative to KOH, It is probably correctly iden-

tified, v
From the remults of this series of etch tests, it can be

seen that, with regard to the tellyride family, very little con-

fidence may be placed in these reactions. In the writer's opinién,



much Pf the discrepancy is due to crystal orientation. Unfortun=

‘&tely5~in the speciméns'used; cleavage has not been sufficiently

Qz\_"w.“ S:.;‘ww?}: T,

discernible to prove this assertlon.k It may be proved at a later
] : ‘

. date' ‘

Identification of Tellurides

by Selective Iridescent Filming.

‘ Attention was drawn to this méthod7of identification‘bY'the
. Buccess of A M, Gaudmn, and his a531stants, gt the Montana Schooly

‘of Mlnes, in uhe fllmlng of the Sllver Sulphlde mlnerals,

' Gaudin, A.M.,...Economic Geology, Volume 33, No. 2, Page 145

' The method ofvselective 1r1descent fllmlng consists in creatlng
’oﬁ the surface.oz m1ner%ls transparent fllms of such thickness
that_llght 1nterference takes place between beans reflected from the
top‘and from~theybottom'of‘the~film; the selective charaetef of
thisufilming“arises‘from the fact that films 6f different thiék-f
- ness and‘differentkoﬁtical prop. erties afe\forméd on Qifferent’
‘tmlnerals, thus glVlng dlfferent colorso
A31de from the composmtlon of the fllmmng medium, two other
| important'faqtors affect the;color'obtalnedw namwly the length of
fiiming,time,,which should be(éontréiled Withfa stbp'watch; and
‘ tbe temperature of reactlono ,*k | |
~The color obtalned on the same mineral is not always exactly

the same;‘this happens if theymlneral is Qhemlcally anlsotroplc,
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because;the film thickness ié not the same on the crystals cut in
different orientations, In addition, minor differencesiin-color
may occur  because of local differences in stirring of the bath,
or because of other details such as macrostructure of the specimens,
Differentiation by selective iridescent filming does not have to
depend on minor color differences§ it depends on sharply contrasting
colors, each perhap s of several shades, obtained by filming foraa -
precisely cbntrolled length of time at a definite temperature.

In its application, the method of iridescent filming has
consisted so far in oxidizing the surfaces of the minerals by im-

mersion in.a liquid bath,

FILMING MEDIA,

The first filming séiution used on the tellurides was the
stendard chromium Tri-oxide--Hydrochloric acid bath, This was
made up of one part 6f Chromium tri-omide dissolved in five parts
of water, two parts of this solution being mixed with three barts;
of concentrated Hydrochloric acid and then diduted 2:1 with water.

This solution was found unsatisfactory., A faint film'of fourth
order colors was formed on one or two minerals while others were not
oxidized at all,

It was then attempted to film the ﬁinerals by adjusting the
amounts of the various reagents in the above solutidon, but the
results were negligible,

Other solutions were investigated. 4 two per cent solution of
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iodine}in Methanol, plus an equal volume of Hydrochloric acid was

tried., Thié gave no results, Other liquids composed of—séltsiof

iron in nitrate and nitrite solutions wete tried, They gave fair

results, but difficulty was found in controlling them., The writer
has noticed that nearly all the tellurides react with Nitrie acid,
and most of them film with Ferric chloride; so that some solution

way eventually be evolved which contains these reagents, Further

work is to be done next year,

Finally, the standard silver filming solution, used by Gaudin,
was tried. This solution is composed of one part two per cent iodine-
methyl alcbhol solution and one part concenitrated Sulphuric acid
by volumeo. Also a solution containing Potassium Permanganate, in-
stéad of Todine, was tried but was found unsatisfactory, The
first solution gave fairly goéd resulfs o?er a limited range pf

minerals,



Resulté of filming with

StoStanda¥dl FilmingiSelubion,

Solution used: Standard Silver Filming Solution,
" Time : 10 seconds.
Temperature @ 22° Ca

Only the minerals of which the writer was reasonably certain

were used for filming.
PETZITE: First order, orange to purple,
'CﬁLﬁVERITE: Tan to pale purples

SYLVANITE : Light tan to pale pink and purple--lighter tan than

- Calaverite,
KRENNERITE ¢ Second order blue to pink, Dominantly pinke

Various times and temperatures were tried, but the filming with
this solution seemed most effective at the ten second immersion period,
Also, the~solution itself and the acetone used for washing tended to
attack the bakelite.moﬁnts of the minerals, making longer immersion

dangerous to the sp ecimens themselves,
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GONCLUSION,

Several of the tellurides may be distinguished directly,
in polished section, by their physical characteristics, Tetrady-
mite and Rickardite in particular, the former by its hardness and
basal clea vage, the iatter by its purple color, However, the majority
varying as they do between cream, gray, and white, and with many sim=-
ilarities in behaviour to etching, need at present a very complicated

method of attack,

.....

filming, as the foregoing results seem to indicate. It is his inten=-
tion to continue this work next year in an endeavour to formulate a
solution which will differentiate completely and easily between any

of the telluride family,

© 6 ree0eVCGBHTECDCETEO8OCOQC
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;DeveIODmenthgi_Eteh Cleavages.

of the reagents commonly erd in foutlne mlnera— :
‘kgraphlc teSuS, only nltrlc acld ylelds deflnlte etch hauterns on
p vCalaver1be, Krennerlte, and Sylvanlte. Three strengths of acﬂd
1:were used L. 5 322 ,’and concentrated HNO3 o The tlme of etch—
;"'~inéﬂis an emportant factor, one mlnute belng used for the 1: l acld
: and forty seconde for both the other concentrﬂt10ns°
2, | Por a’comparaflve studj of these three tellurldee, ‘
'e snec1mens ofkknown crystal orlentatlons must be uoed The results

Mobtalned on each sPeclmen by each concentratlon of ac1d are. totdlly

' ;dl:ferent, v

The eectlons used by the erter were. cut in a
/7irandom dlrectwon qu upon comearlson with the 1lluqtratlons shown 1n”
‘:ff "Etch Tests on Calaverlte, Krennerlte, and Sylvanlte, by M.N, Short,

Q“the reactlons showed strlklng alm11ar1tj when tredted Wlth 1 1 HNO3

;eeCalaverltesfﬂ : B W ‘
: i When etcned w1th 1 l a01d, upon washlng and drylng the

5speeleen, the surface break up 1nto 1rregular areﬂe, each consmst—j;'
kelng 01 a flake a few mmcrons thlck | The curled edges glve a some—’:
:efiwhat shlngled effect. S | |
; f ' With 3 2 acld a dvstlnct parallel etch structure is
el‘developed
| ,Wiﬁh‘deeeeﬁefétea eeiduae@efe;unifefﬁ_eteh:eleaveée’is’

'\‘T?developed,,COneisﬁing’pf'finedparellei line;.aerdSS the‘surface‘of




"rthéﬁepeeimen,,w~ﬁ'”~
‘:‘lerennerwte. r”" : ‘,‘”k e ,}: n , r"'
Dld not check w1th Short, probably due to the crystal
-,;jor1entat10n.~ LT

Sylvanite.

NfW1£h'1:lﬁae+dretchings;ftakes the form of. short disconé S
£ f_tmnuous cracks whlch glve the surface a vernlcular appearence.’
With 3 2 acld two etch dlrectlons are cTearly brought

'out and seen to be of Bqualfimportanoe.k 

§f=; Wlth concentrated acld ﬁests, two cle%vages at rlght '

“‘%:gangles are shown. Parts of uhe sectlon do not react.

B SUMMARY. -

. Htoh Tests On Celarerite'Krennerite and Sylvanites...»..M.N, Shorbs

T,<Amerlcan Mlneraloglst Yol. 22. #5°

The results of etchlng the. three’tellurldes are not
'efas‘51mp1e and conolu51Ve as. had been hoped for.‘,The varlatlonskln
 ‘r;rreeplts:wheprdlffenent,sﬁrengths Qf acid and d;frerent'timee of etchingr
‘}ﬁéreeempie&edkcail,for’eenbroi ef:botﬁ factors; On thelother hand, %he
A reﬁeh'batﬁerﬁe'are ﬁOt caprioioue; each‘figure illuéﬁrabes seVeral" |

v;"experlments performed under the same condltlons, and the conclusmon

” 1 1s Justlfled that, under the same cendltlons, a given Speclmen Wlll
‘i;;yleld-the sameneuchfpetterns. |

- T C’aiérerife and krennerite«givevsimilar patterns,
ﬁ’ff;but Prennerlte ﬁlll glve two etch~cleavages at rlght angles 1n certaln sec~

17ff;t10ns whereus calaverlte apparently Wlll glve an etch cleagage in




only one,direction. Both krennerite and calaverite flake, and
many specimens of both minerals develop circular areas that may
represent spherical inclusions when etched with 1:1 HNOg; Etch-~

cleavage in one direction indicates, but does not prove calaverite.

Sylvanite gives an etch-cleavage similar to that
of krenherife but the cleavagés develop while the drop is on the

specimen and the surface does not flake when washédgand dried.

; In conclusion, etChing'withebothrl:l and concentrated
nitric acid will usually lead to a decision whether an anisotropic
gold and,silver telluride is sylvanite orione of the other two
winerals, salaverite and krennerite, It is difficult to distin-
guish calaverite from kfennerite by etching with nitric acid in
some cases, but if two etch-cleavagés at right angles are developed

the mineral is probably krennerite,






