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Abstract 

The Mattabl Mine, a volcanogenlc massive sulflde deposit located 60 km north of 
Ignace, Ontario, In the Archean Superior Province, produced 13.5 mt of ore with an 
average grade 7.5% Zn, 0.88% Cu, o.no/o Pb and 3.10 oz/t Ag In the period 
1970-1983. Prellmlnary studies Indicated the presence of an especlally varied 
mlneral assemblage, which was studied In detail. As well as chalcopyrlte and 
sphalerlte, the deposit contaJns abundant galena accounting for Its unusual lead 
production. Argentlan tetrahedrlte, or frelberglte, Is also abundant, and In the 
absence of native sliver and acanthlte, Is clearly a major carrier of sliver. Other 
sulflde minerals Include pyrite, pyrrhotlte, arsenopyrlte, bornlte, macklnawlte, 
pyrargyrlte, boulangerlte, freleslebenlte, stephanlte and veenlte. Oxide mlnerals 
Include magnetite, hematite, Ilmenite, rutlle, Jacobslte, casslterlte and gahnlte. 

The mineral zoning In the orebody Is pronounced. Sphalerlte, tetrahedrlte, galena 
and the sulfosalts all occur In the upper portion of the orebody, whereas pyrrhotlte 
and chalcopyrlte are concentrated In the lower portion. The oxide minerals, except for 
jacobslte, occur In the ore zone as well as In the footwall alteration zone. 

A Brlllouln zone model for tetrahedrlte In which 204 to 208 elect rons are 
accommodated In the 51st Brlllouln zone Is verified In analytical data from 60 graJns. 
However, when three or more Ag atoms per unit formula are present, the number of 
valenlc electrons Increases from 204 to 208 as Ag atoms Increase from three to six. 
The presence of (Fe+Zn) In excess of two atoms per unit formula appears to stablllze 
the 52nd Brlllouln zone, with >208 valence electrons per unit cell. 

Analyses of sphalerlte yielded a mean mole % FeS = 12.11 .± O. 70, Indicating a 
pressure of metamorphism of 7.53 kbar, using the sphalerlte geobarometer. This 
pressure Is approxlmately 2 to 3.n kbar too high In comparison with pressures 
suggested by slllcate systems. A posslble explanation Is that 
sphalerlte-pyrtte-pyrrhotlte equlllbrated at peak pressure, whereas slllcate 
assemblages Indicate conditions of peak temperature In the P-T-t history of 
metamorphism of the deposit. Retrograde alteration variably affected sphalerlte 
composition, producing some scatter In data, as well, as evidenced by variable 
occurrence of late-stage monocllnlc pyrrhotlte. 

The low gold content, high lead content, dlVet'Slty of sulfosalt species and 
abundance of sliver In tetrahedrlte are features more slmllar to those of kuroko-type 
deposits of the Phanerozoic than to Noranda or primitive-type massive sulfide deposits 
characteristic of the Archean. 



TABLE OF CONTEHT5 

PAGE 

Abstroct .............................................................................................................................. . 

Toble of Contents........................................................................... .................... .............. ii 

List of Figures................................................................................................................... 1v 

List of Tobles.......................................................................................... ...... ..................... v1 

Acknowledgements................................................................................................. .. ....... vii 

CHAPTER I INTRODUCTION ....................................................................................... .. 

1.1 Generol stotement .................................................................................... . 

1.2 Previous geological work....................................................................... 3 

1.3 Regional geologic setting.............. .................. ...... ................................ 4 

1.4 Geology of south Sturgeon Loke area................................................ 8 

1.5 Geo 1 ogy of Mat tabi orebody................................................................... 11 

1.5. 1 A 1 ten~t ion in the Mot to bi deposit..................................... 12 

1.5.2 Nature of the olteration zone............................................. 15 

1.5.3 Ore zonation......................... ..... ................................................. 18 

1.6 Aims ond objectives................................................................... ....... .. .... 22 

1. 7 Abbrevi ot ions............................................................................................. 22 

CHAPTER 11 METHODOLOGV......................................................................................... 25 

2.1 Opticol methods.......... ........ ....................................................................... 25 

2.2 Electron microprobe methods.............................................................. 27 

CHAPTER 111 TEXTURE AND MINERALIZATION ................................ :................... 29 

3.1 Introductory statement.......................................................................... 29 

3.2 Ore textures................................................................................................ 29 

3.3 Aspects of mineralization............................................. ...................... 35 

3.4 Descriptive minerology.......................................................................... 40 



PAGE 

3.4.1 Sulfides ............................................................ .... ........................ . 40 

3.4.2 Sulfosolts ............................................................................... ..... . 49 

3.4.3 Oxides ............................. ................................. .... .......................... . 52 

3.5 Element ond mineral zoning ............................................................... .. .. 55 

CHAPTER IV MINERAL CHEMISTRY OF TETRAHEDRITE ................................ .. 56 

4.1 Introduction ............................................................. ........................... ..... ... .. 56 

4.2 Analytical results .................................................................................... .. 57 
4.3 The Brillouin zone model ....................................................................... .. 62 

CHAPTER V SPHALERITE GEOBAROMETRV ............................................. ... .......... . 66 

5.1 Introduction ................................................................................................ . 66 

5.2 Equilibrium model ......... .......................................................... ..... ............. . 67 

5.3 Pressure ond metamorphism .................................................... ........... .. 75 

CHAPTER VI COMPARATIVE STUDV, SUMMARV, CONCLUSIONS AND 

RECOMMENDATIONS....... .................................... ............................ ...................... 79 

6.1 Comporison to reloted Conodion ore deposits............................... 80 

6.2 Summary........................................................................................................ 83 

6.3 Conclusions.................... .. .................................................................. .......... 86 

6.4 Recommendations...................................................................................... 87 

REFERENCES.............................. .. ......... ........................................................................ ....... 88 

APPENDIX Tetrohedrite onolyses based on 29 atoms..... .... ................... 97 

11 Tetrohedri te ono 1 yses bosed on 13 otoms of sulfur........ 113 

Ill Reflectivities of tetrohedrite ................................ :...... ..... ....... 121 

IV Spholerite onolyses....... .. ............................................................... 133 

v Frequency distribution of minerals........................................ 139 

VI Sample preparation........... .............................................................. 144 

iii 



Ll6T 01"' f IOU~f6 

PAGE 

CHAPTER I .......................................................................................................................... . 

1.1 Location map of Mattabi Mine ............................................................... 2 

1.2 Strotigrophy ond structurol mop of Sturgeon Loke orea .......... 5 

1.3 Geologic mop of Sturgeon Loke orea .................................................. 9 

1.4 Mat ta bi st rat 1 graphic section............................................................. 1 0 

1.5 Geologic mop of Mattabi orebody ....................................................... 13 

1.6 Generalized distribution of alterotion types of Mattabi.. ...... 16 

1. 7 Pl an of Mat tabi deposit-bench 5........................................................ 19 

CHAPTER 11 ....................................................................................................................... . 

2. 1 A section of the so mp le 1 ocoti ons ot Mot tab1 Mine.................... 26 

CHAPTER 111 ...................................................................................................................... . 

3.1 ldiomorphic annealed grains of pyrite ............................................. 31 

3.2 Cholcopyrite blebs in spholerite...................................................... 31 

3.3 Irregular fractures in pyri te............................................................... 34 

3.4 Recrystollizotion pyrite.................................................................... ... 34 

3.5 Minercl ond element zoning.................................................................. 36 

3.6 a) Photomicrograph of interstitial tetrohedrite........................ 38 

b) Photomi crogroph of cossi teri te in spho 1 eri te...................... 38 

c) Photomi crogroph of subhedro 1 i 1 meni te................................... 38 

d) Photomi crogroph of stephcmi te............. ....................................... 38 

e) Photomicrograph of boulongerite................................................ 38 

f) Photomicrograph of magnet 1 te.............................................. ....... 38 

g) Photomicrograph of rut i 1 e.............................................................. 38 

h) Photomicrograph of gohnite and hemetite............................ 38 

iv 



PAGE 

3.7 Co11oform bonding in pyrite............................................................... 42 

3.8 Earl ier framboids of recrystall ized pyrite ................................... 42 

I 3.9 lrregulor i ntergrowths of cholcopyrite. .... ......... ........................... 45 

3. 1 O Concove boundori es in tetrohedri te................................................ 50 

CHAPTER IV ......................................................................................................... : ........... . 

4.1 Graph of copper atoms versus silver atoms................................... 58 

4.2 Structure of tetrohedri te.......... ..... ........................................................ 59 

4.3 Graph of ont i many otoms versus arseni c atoms.......................... 61 

4.4 Groph of silver otoms versus orsenic otoms........................... .... .. 63 

4.5 Graph of vo 1 ency e 1 ectrons versus si 1 ver atoms..................... ..... 64 

CHAPTER V ......................................................................................................................... . 

5.1 FeS contents of spholerite differing ossemblages..................... 69 

5.2 A schematic P-T-t poth during regional metamorphism... .. .. .. 71 

5.3 Alteration of secondary monoclinic pyrrhotite........................... 72 

5.4 An etched pyrrhot i te groin.................................................................... 72 

5.5 Remnant of hexagona 1 pyrrhot i te....................................................... 73 

5.6 Stability relations of pure iron end members............................. 77 

v 



vi 

LIST OFT ABLES 

PAGE 

CHAPTER 1 .......................................................................................................................... . 

1.1 Preliminory study of Mottobi Ore Minerology ................................ 23 

CHAPTER 11 ........................................................................................................................ . 

2.1 List of stondords for tetrohedrite analyses ................ ........ .......... 27 

CHAPTER 111 ...... .. ............................................................................................................. .. 

3.1 MineroJs identified in the study area .................... .................. ......... 41 



ACKNOWLEDGEMENTS 

This lnvestlgotlon hos been corrled out within o reseorch progrom 
I 

sponsored by the NSERC grant (No. OGP00038 14) of Dr.S.A. Kiss1n. 

Additionol funding ceme from the graduate scholarship oworded to the 

author by the Centre for Northern Studies. The graduate school deserves 

mention for owarding o Lakehead University Entrance Scholarship. Thanks to 

Dr . J. M. Fr8nk11 n of the Geological Survey of Canada for supplying the 

drill core samples for this project. The author is indebted to Dr . S. A. 

K1ss1n for his patience and persistent guidance in initiating and developing 

this thesis project. His voluoble odvice ond suggestions ore highly 

oppreciated. Anne H8mmond and Reino \11Hnla assisted in the sample 

preporatlon. Sam Spi vak drafted some of the diagroms. Al Mackenzie wos 

lnstrumentol In developing the operoting skills of the author on the sconning 

electron microscope (SEM), X-roy microanalysis (EDS) and the shooting of 

the microphotogrophs. I would 11ke also to thank t.he faculty, the 

deportment ond deor fellow gorduote students for their input in vorious 

ospects of the pro j eel. 

Vii 

_ .......... -. ..... ------------------~~ 



.. 

CHAPTER 1 

I ntroduct 1 on 

1.1 Genergl statement 

ihe Mettebi messive sulfide deposit is locoted neer the southern end 

of Leke Sturgeon eree, epproximetely 60 km north of lgnece (Fig.1.1), 1n 

northwestern Onterio end fells within the eestern pert of the Webigoon 

Greenstone Belt in the Superior Province of the Conod1on Sh1eld (Stockwell, 

1972). Hf ghwoy 599 extends through the western part of the area and 

provides eccess to Sturgeon Lake. 

The discovery of the orebody by Mettegemi Lake Mines Ltd. in 1969, 

sperked en exploration rush in the region. The ground geophysical follow-up 

corre1eted the Motteb1 deposit to en enomely indiceted on en e1rborne 

survey. Subsequent d1emond drilling out11ned e massive sulfide deposit with 

e length of 550 meters end a maximum width of 92 meters. This type of 

deposit ts common to the Cened1en Shield but is known to occur throughout 

Canede. This deposft ts po1ymete11fc end genere11y considered es c·u-Zn type 

(Hutchtnson, 1973) on the bests of mejor chemical constituents. But more 

r@e@nt 1Herature class1fy the deposit es the Norendo or primitive-type 

deposit (Frankl in et el.1981) . 

1 



~ p ~ 
-~Lake 

N1p1gon 

ct] BE ARO MORE 

C N R. 

0 10 20 30 40 50 !MILES 

0 20 40 60 80 100 KtLOtl.IETRES Supeflor 

FIG. 1.1 Location map ot the Mattabi massive sulfide deposit t..> 



Mettab1 M1nes Ltd. wes 1ncorporated in 1970 to develop and mine this 

orebody. Pre-production reserves were estimoted ct 13.5 million t ons with 

en everege grode of 7 .5~ Zn, 0 .8~ Cu, 0 .77~ Pb, ond 3.1 o Oz/ton. of Ag. 

Product1on begen 1n 1974 (Fronk11n et ol., 1977) ond cont1nued unt11 the ore 

wes 8)(heusted 1n 1983 et en everoge rete of 0.95 m1111on tons per yeor 

(Cened1 en· M1n1ng Perspect1ve., 1983). 

1.2 prev1ous Geolog1co1 Work 

Mc1nnes ( 1900) wos presumcbly the first to map in the Sturgeon Lake 

ereo. Dcvidson ( 1901) descr1bed the oreo 1n the report of the survey and 

exploret1on of northern Ontcr1o. Colemon ( 1902t in his report on the i ron 

ronges of northwestern Ontor1o, reported on some of the gold prospects on 

the Sturgeon Loke. Co111ns ( 1907) mopped the oreo bet ween Loke Nipigon ond 

Sturgeon Loke. Gledhill ( 1924), Grohom ( 1930), ond Horwood ( 19370) gove 

felrly dete11ed descr1pt1ons of the geology of the general Sturgeon Lake 

eree. Pett 1 john ( 1937) mede br1 ef ment 1 on of the Sturgeon Loke oreo 1 n his 

d1scuss1on of the northern prov1nce of the Loke Superior region. 

The most recent mopp1ng 1s by Trowell (1970, 1972, 1974a, 1974b, 

197 4c, 1976, 1978) who has comprehensively studied the Sturgeon Lake 

3 



eree. Unpub11shed theses completed in the oreo include those of Beggs 

(1975), Cove11o (1971), Friske (1974), Gordonier (1975), Hiscott (1974), 

Kersede (1973), N1e1sen (1 974) end Scott (1976). In odd1tion, Shegelski 

( 1975, 1976) hes underteken e study of the sed1mentory rocks, including 

tron formetlon of the Sturgeon-Sevent Lekes region. PubJ;shed papers ebout 

the eree Include Frenk11n, Kersede end Poulsen ( 1975) and Grove, Morton and 

Frenklln ( 1967). 

1.3 bg1ono1 Geolog1c Sett1ng 

The Sturgeon-Sevent Lekes region is composed of Archecn volcenic 

ond minor sed1mentory strete, which ore deformed ebout two sets of fold 

oxes end cut by numerous gronitoid end cmphibo11tic intrusive bodies (Fig. 

1.2). In the Sturgeon Leke erec, the supracrustal rocks may be divided into 

two domelns. The northern dome1n of predomlnently base1tic rocks contoins 

less then si falsie strota end Is epproximetely 13, 720 meters thick. The 

southern domeln includes epproximetely 9, 150 meters of epproximetely 

eque1 emounts of f el sic and maf1c Yo1can1c strata and approximately 15% of 

sedlmentory rocks. The stn~te ere cut by two major granitoid bodies. The 

Bell Loke complex (Ftg.1 .2) underlies the pile end 1s composed of monzonlte 

(Trowell , 1970). The Derk-Weter complex is c sill-like qucrtz 

4 
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dior1te-granod1or1te mass 2140 meters th1ck, which was emplaced 

epprox1motely 460 meters obove the base of the volcanic pile (Trowell , 

1963). Two mojor sync11nal structures dominate the map area (Fig.1.2). The 

South ond the North Sturgeon Loke Assemblages form the opposing limbs of 
I 

e sync11nol structure. The oxiol troce of this structure extends from west of 

Mountain Island along the north s1de of the Sturgeon Lake and eastwards 

through the Pr1ncess Quast Lake area. In the west part of the area, the axial 

trace has been deflected around cmd has been blfurcated into subsidiary 

synclinol ond onticlinol structures by the emplacement of the Mountain 

Island Bey end Gran1te Bay plutons. A second synclinal structure trends 

approx1motely northwest from north of Post Lake to Sturgeon Narrows 

where tt sw1ngs to the northeast through the Vanessa Lake. 

In add1tton, amphibo11t1c intrusive stocks of irregular shope ore 

ebundont in the oreo 13 km east of the Mottabi Mine. The stroto dip steeply , 

fec1ng northwerds, end form the southern Jtmb of the synform centred 

through Sturgeon Lake. Trowe11 et al. ( 1980), however, 1nd1cated that the 

volcantc units of the northern synf ormol limb are not correlative with the 

South Sturgeon Loke succession. The stroto on either side of the synf orm ore 

d1sp1aced along a major N 60° E fault zone that cuts the entire stratigraphi c 

sequence. 

6 



The synclines ore relotively tight, whereos the onticlines ore brood. 

The two fold sets were probably developed dur1ng the Kenoran Orogeny due 

to the emplacement of lorge grcnitoid dicpirs or domes, which bound the 

supref rustel rocks. 

Numerous faults and 11neaments transect the map area (F1g.1 .2). 

Pervcs1ve sheering associated with movement clong the Sturgeon Narrows 

cctcclcstic zone extends from the top of the northeast orm of Sturgeon Lcke 

south eest through Sturgeon Narrows. The rocks here are metamorphosed to 

m1ddle end upper greensch1st fccies, end clmcndine-cmph1bolite 

ossemblcges ere locolly present odjccent to lcrge synorogenic intrusions 

(Trowell , 1974, 1983; Groves, 1984). The lcte movement c1ong this zone is 

lndlccted by brecclctlon of the Sturgeon Narrows clka1 ic complex and the 

development of the kink folds In Intermediate to fels1c schists end phyllites 

e1ong the Northeast Arm. In the Northecst Arm crec, sheer :zones reflect 

movement c 1 ong thl s zone. 

The shear zones trend both parallel end discordant to primery bedding 

(Trowell , 1978). The Mountain Island Bay fault is indicated both·by shear and 

ccrbonct1zed zones 1n mcflc metcvolccnics end by ground magnetic data. 
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1.4 Geology of South Sturgeon Lake Area 

The South Sturgeon Leke eree is en Archeen volcenic edifice in a 

north- foc1ng sequence w1th o generolly steep northerly dip, which forms 

the southern 11mb of o sync11ne with o shollow eosterly plunge (Fig.1.3). The 

strete ere not t1ghtly folded 1oco11y ond moj or foulting is obsent. The stroto 

are d1v1ded lnto three cycles (F1g.1.4). Each cycle represents a maj or period 

of volcon1sm, normolly w1th a moftc base and a falsie top. 

The chem1ce1 deto (Fronk11n,Koserde end Poulsen, 1975) show o 

preponderonce of bosolt w1th minor ondesite representing the mofic 

d1 vis1on, rhyo11te end dec1te representing the falsie to intermediate 

d1 v1s1on. Maf1c to 1ntermed1ate metavolcanics compose the dominant 

lithology 1n the mop ereo (Fig.1.3). These rocks occur ot severol 

strot1groph1c levels (F1g.1.4) ond generolly compose the lower port of 

1nd1v1due1 volcen1c cycles. Mof1c to intermediote pyroclost ics ond 

redeposi ted fregmentel rocks ere not1ceebly abundant towards the base of 

the South Sturgeon Leke essemblege (F1g.1.2). Autoclasttc end hyoloclostic 

brecc1es locelly comprise the top and more rorely the bottom zones of flow. 

Fels1c to 1ntermed1ote metovolcon1cs occur ot severol strotigrophic 

1ntervels wtthin the ossembloges. The metovolcen1cs ore veriobly massive, 

fo11ated end sch1stose. Banding 1s fa1rly common 1n metavolcanics and is 

8 



• 

I'-·.·.· .·.I Bo sic Intrusive 
C:=J Gronitoids 
l=-:--:::--.;j Greywocke 
V.'.:":·:::·=I Rhyolite Pyroclostic 
~ Andesite 
liilliIIII] Tuff -wocke I Grophitic Sha le 
~ Lopilli Tuff 
E3 Sulphide Iron Formation 
~ Ore ~ody 

@ Mottobi 

.5 ·: ._~s 

s \ \} ( 

~'jjZ
·----. --- - - - ----

. ----
8£LL 

• LAKE 

GEOLOGY OF THE 

SOUTHERN STURGEON LAKE 
VOLCANIC BELT 

• • • • 
• • 

• • • 
• 

• • • • • • 
• • • • • 

• • • --- • • • • 
• • • • • • 

• 
FIG. 1.3 Geol<ogic map of the southern Sturge¢n Lake area, 

OntaP-i<"'l (After Fra nklin et A.1 1 Q77l 

• 
• • 

• • • 
• • 

CD 



r 
CYCLE 2 

CYCLE 18 

CYCLE1A 

Thickness 
(cm) 

1.5 
Mixed felsic tuft 

0.5 
and high K mafic 

• 1.5 Rhyolite luff with 

' ' ' ' ' ' ' ' ' ; ; ; ; ; ; ; ; ; 

' ' ' ' ' ' ' ' ' ; ; ; ; ; / ; ; ; 

' ' ' ' ' ' ' ' ' ; ; ; ; ; ; ; ; ; 

' ' ' ' ' ' ' ' ' ; ; ; ; ; ; ; ; ; 

' ' ' ' ' ' ' ' ' ; ; ; ; ; ; ; ; ; 

' ' ' ' ' ' ' ' ' ; ; / ; ; ; ; ; ; 

' ' ' ' ' ' ' ' ' ; ; ; ; ; ; ; ; ; 

' ' ' ' ' ' ' ' ' ; , / ; ; ; ; ; / 

' ' ' ' ' ' ' ' ' ; ; ; ; ; ; ; ; ; 

' ' ' ' ' ' ' ' ' ; ; ; ; ; ; ; ; ; 

' ' ' ' ' ' ' ' ' ; ; ; ; ; ; ; ; ; 

intercalated shale 

and minor andesite 

1.0 flow 

1.0 Hydroexplosion breccia 

2.0 Pillowed andesite 

o.s Rhyolite tuff 

3.0 Rhyodacite intrusion 

1.2 Hangingwall rhyolite tuft 

0.5 Footwall rhyolite breccia 
0.25 Footwall rhyolite tuft 

4.0 Footwall lapilli tuft within 
alteration zone 

VERTICAL SCALE 1 cm = 160m 

Fig. 1.4 Mattabi stratigraphic section (After Franklin et al. 1977) 

10 



probably due to occentuotion of primary bedding features of tuff oceous 

members or to metcmorph1c d1fferent1ot1on occomponying deformotion. 

The grcn1to1d pebbles end cobbles 1n the conglomercte units ere 

exposed 1n the southern pert of the Sturgeon Lcke. Synvolccnic intrusions 

ere empleced w1th1n mef1c to 1ntermed1cte metevolccnic sequences. Sills 

predom1ncte, but dikes thct occcs1onclly acted as feeders to s111s and flows 

are also present. These cycles are separated by either a disconformity or o 

sed1mentcry un1t, 1nd1cat1ng c d1st1nct break 1n volcanism (Fig.1.3). These 

cycles ere typ1f1ed by p111owed end mcss1ve andesite flow un1ts ranging to 

severel thouscnd meters 1n thickness, 1ntercclcted with end overlain by 

opprox1mctely equcl omounts of doc1t1c to rhyo11t1c csh flow tuffs. The 

lower cycle mey conveniently be d1v1ded 1nto lower end upper members (A 

end B). The lower member contc1ns the Mcttcb1 deposit (F1g.1.3). 

1.5 GeoJ ogy of Mottobt Ore body 

The Mcttcbi deposit occurs ct c major mcf1c-f els1c break within the 

volcen1c seQuence of the south Sturgeon Lake region and is underlain by a 

complex succession of cltered, largely frcgmentcl mcf1c end felsic rocks. 

This 5 km thick succession of volcon1c rocks beneath the Mottobi deposit is 

intruded ond d1sploced by the Be1delmon Boy intrus1on ( Fig.1.2) ond o 

11 



diorit1c to trondhjem1t1c s111-1tke body of synvolcanic origin. 

The Mottab1 orebody is grossly s1m1ler to the typical body described by 

Roscoe ( 1965) ond Songster ( 1972) in thot it is o conf ormoble strotobound 

zoned
1

accumulotion of massive to semt- mosstve sulftde in a volcanic or 

volcono-clostic terratn ( Fig.1.5). It Is a proximal- type deposit os defined 

by Sengster(1972). It consists 1n part of stratiform accumulations of at 

least 60~ su1f1de minerals (Sangster and Scott 1976). 

Approximately 1070 meters west of the Mottabi ore zone, the 

Yolconic section is cut by o thick, north- trending, fine-to medium- groined 

ophttic textured rock of bosolt to ondesite composition (Fronklin et 

ol.1975). A 1.5 meter thick feldspathlc rhyodacite sill cuts subconcordantly 

through the top of the massi ve sulfide zone. The Mottobi deposit is 

characterized by a greot concentration of ore in one place os opposed to o 

disseminated or vein-like deposit, (Fig.1.5). The massive ore zone hos 

undergone extensive perecontemporaneous brecciatton and slumping. 

1.5.1 Alterotion in the Mottobi deposit 

Franklin et 01. ( 1975) documented the alteration in the Mattobi 

orebody in detail and noted charocter1st1c mineralogical and geochemical 

12 
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chonges 1n the olterot1on zone. The olterot1on m1nerology includes oll 

m1nero1s thot hove been formed due to metomorphi sm of the originol 

olteret1on essemblege. The mo1n elteret1on minerols ore quortz, kyonite ond 

b1ot1te. Alteret1on 1n the Mottob1 deposit occurs os crosscutting veins end 

es moss1ve, perves1ve rep1ccement. Quortz is the most ubiquitous minerol 

comprising up to 95~ of the rocks. It occurs os dense, serroted, 

medium-gre1ned, unstrained grains, as bonded chert and os relatively coarse 

gra1ns 1n ve1ns. 

Ser1c1te occurs cs fine groined oggregotes commonly in rhyo11te 

ogglomerote end lop1lli tuff. It 1s confined princ1polly to the motrix. In 

- veins ser1c1te 1s medium-to coorse-groined ond forms os vei n fillings. 

Corbonote occurs os coorse spher1col oggregates of siderite or dolomite 

resembling 1ep1111 end often surrounded by chlorite. In crecs of less 

concentret1on, both s1der1te end dolomite occur cs moderotely to evenly 

d1str1buted mosses in either pyroclost1c frcgments or motrix. 

Chlor1to1d 1s e common elteret1on m1neral found 1n all rock types as 

well es 1n stringer ore veins. It occurs as bladed single metacrysts and 

cocrse-gre1ned fibrous 1rregu1cr eggregotes. Distal to the ore as well as in 

the hong1ng well rocks, 1t forms oltered poikilob1cstic medium-groined 

oggregotes. 

14 



Chlor1te occurs es med1um-to coarse-gra1ned felted aggregetes. It is 

generolly less obundont then chlor1toid although commonly forms locol 

mess1ve zones. The predomincnce of chloritoid over chlorite is not typicol 

of Archeen f Oss1 ve sul f 1 de depos1 ts. 

Andolus1te occurs os equont, ragged porphyroblests or as coarse, 

bleded euhedral gra1ns 1n all rock types. Kyan1te occurs only within massive 

ore and 1n ve1ns 1n the 1mmed1ate foot wall. It forms coarse- grained 

messfve bladed aggregotes. Almondine gornet occurs es very coarse 

eggregctes in chlorite-rich zones. Although very prominent within the ore, 

no gornets heve been observed In veins or ot o distance of more then three 

meters from the ore. B1ot1te grains ore rere but are present In veins end 

coorse-grc1 ned onhedrc l cggregctes. 

1.5.2 Nature of the Alteration zone 

The neture of the alterat1on zone 1s defined as indicated in Fig.1.6. 

The m1neralog1ca1 and chem1ca1 chtmges are d1egnost1c of alteration zones 

(Songster, 1972). Petrologic (Frenklin, 1975) end chemical date 

(Kosordo, 1973) 1nd1ccte thct, c zoned, pipe-like clterction cssemblcge 

extends for et leest 305 meters d1rectly below the deposit. 
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Cherty - silicified rhyolite 
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Fig. 1.6 Generalized uistril.Julion of alternlion type s in 

the footwn11 rocks of Mnttobi deposit (After Franklin et ol.1975) 
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Within the bosal portion of the massive ore ond the intermediate base 

of the ore, loco I massive chlorite pods ore farmed (Fig. 1.6); however, 

chlor1te ts not o mojor olterotion mineral. A silicified rhyolite and chert-

beor1ng turf zone forms a strat1graph1c unit, whtch underlies much of the 

orebody; th1s quartz- onda1us1te zone probably wos a quartz-kaolin 

elteret1on product. S111c1f1cat1on is highly pronounced 1n this zone. Locol 

nodes of ser1c1t1zed rhyo11te underlie the s111c1f1ed zone and where the 

letter 1s absent, under11e the ore. These are characterized by the presence of 

chlor1to1d end the absence of chlor1te and ore accompanied by siderite 

elteration spots (F1g.1 .6). Below the seric1tized nodes the pervasive and 

most significant olterotion product is siderite. The siderite is 

mengon1ferous end, near the top of this zone in the footwa11 rhyolite 

egglomerete, farms spherical spots commonly surrounded by chlorite. In the 

footwe1 11op1111 tuff, stder1te port1o11y replaces 1api111 fragments as well as 

forming o matrix moter1o1. 

From 3 to 5 i d1sseminoted pyrite 1s pervasive throughout the 

footwel l rocks for severel thousand meters each side of the deposit and 

does not define e pipe zone. Copper and zinc ere concentrated in onomolous 

proporti ons in the central port1on of the pipe ond ore not clearly zoned 
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re1et1ve to eech other. The1r formation appears 1ndependent of the formation 

of s1 der1te. Ve1 n deposits cut a 11 foot wa 11 rocks and genera 11 y confined to 

the zone directly below the ore. Sphaler1te occurs only in the uppermost 

veins, c~olcopyr1te 1n ozone 16 to 25 meters below; pyrite end magnetite 

occur 1 n e 11 vein env1 ronments end are farmed 1 n ve1 ns that extend for 

several hundred meters below the economic copper zone. Ser1cite, quartz, 

andelus1te and s1der1te are 1n decreas1ng order, the most common gangue 

m1nerols. Other geochemical trends in.elude Ne, Co, K depletion and Fe, Mn, 

Si , enr1chment in the vicinHy of the deposit (Franklin,Kaserda and 

Poulsen, 1975). 

1.5.3 Ore Zonot 1 on 

The orebody 1s made up of two conformable portions, the upper and 

the 1 ower zones (Frankl in et o 1. 1977, 1981 ). The zones ore separated by a 

leyer of cherty rhyo11te tuff, which thins rap1dly to the east. Each zone has 

been subd1v1ded on m1nerelog1ce1 end textural bases 1nto five f acies. These 

ore moss1ve spholer1te ore, high pyrite-low sphalerite ore, massive 

cholcopyr1te ore, h1gh goleno ore ond stringer ore and alteration pipe 

(Franklin et 01., 1977). The distribution of the ore zones in plan view is 

shown 1n F1g.1.7. 
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H1gh sphci1er1te ore typicolly consists of 50-75 ~ spholer1te, 20-45 ~ 

pyrite, 5 ~ cholcopyrite ond 2-5 ~ gongue. The pyrite bonds ore 

d1scont1nuous end generelly conformcble to the ore body but ore locolly 

contorted, slumped or brecc1eted. MessiYe sphelerite in th1s zone often 
I 

conte1ns 1nclus1ons of gelenc cnd chclcopyrite. 

H1gh pyr1te ore consists of f1ne to coarse, massive pyr1te with up to 

10 ~ sphcler1te form1ng c mctr1x. Thls ore is low in copper end contcins up 

to 50 :C pyrrhot1te close to the bottom of the zone. Coarse pyr1te is 

commonly euhedrcl , whereas f1ne pyr1te occurs cs ret1cu1ate and dendritic, 

felted messes enclosing spholer1te. Mossive cholcopyrite ore is generelly 

75-90 ~ chclcopyrite w1th streeks of sphel erite. The ore is coarse-grained 

end contc1ns accessory, euhedrcl crsenopyrite. In add1tion, members of the 

tetrehedr1te-tenncnt1 te ser1 es end pyr1 te occur as m1 nor con st 1 tuents. 

Htgh gclenc ore typ1ccl1y contc1ns 50 ~ sphclerite, 25 ~galena, 10 :g 

pyrite, 2-3 ~ crsenopyr1te end 1-2 ~ tetrehedrite-tenncntite. On the edges 

of th1s fec1es, gclenc occurs es 1nc1us1ons in sphalerite end outlines 

sphaler1te gre1n bounder1es and tw1n planes. In the central part of a galena 

-rtch area, galena completely surrounds sphalerite blebs. Tetrahedr1te is 

20 



commonly essoc1etad w1th galene. Arsenopyrite occurs as fine-groined, 

dusty eggregetes intermixed with pyr1te. The obove focies moke up the 

moss1ve ore, end 011 grode into eoch other. 

The fhelcopyr1te str1nger zone 1s essent1eilly conformoble w1th the 

structure of the orebody end oppeors more extensive lotero11y than the 

mess1ve sulf1de zone. Thay form the top of the alteration pipe and appear to 

heva formed 1n the zone 1mmed1ately below the surface on which the 

mossive sulfide were precipitoted. This ore is farmed of veins and blebs of 

sulfide which crosscut both the footwoll rhyollte and the cherty rhyo11te. 

The ore ts composed of coorse groined chol copyrite with minor pyrite, 

pyrrhot1te end eccessory orsenopyrite. Pyrrhotite is more abundant than 

pyr1te 1n the footwoll stringer zone. 

The bottom of eoch of the two ore zones is cholcopyrite-rich groding 

1nto mossfve spholer1te ore. The mossfve spholerite ore is generally galeno-

r1ch. The top of eech zone 1s pyrite -r1ch ore. Massive ore is underlain by 

str1nger ore, wh1ch 1s chelcopyr1te- rich end is loceted ot the top of the 

elteretion p1pe. The messive ore crosscuts the foot wall rhyolite 

egglomerote ond the cherty rhyo11te. 
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1.6 Ajms gnd Objectives 

The preltm1ncry stud1es in the crec hove indiccted thct there is o 

foirly diverse ossociotion of minerols (Toble 1.1) present thct ore not 

common\~ reported In the Archeon. The object1ves of the project ore: 

1) To study the compos1t1on, textures, d1str1but1on end 

1nterre1 ct i onshi ps of the mi nero 1 s; 

2) To exom1ne the presence end distribution of minor elements, 

whether es discrete m1nerols or os substitutions within one of the mejor 

m1nere1s; 

3) To study element end minercl zonction of the ossembloges in the 

ore body. 

It Is hoped thot the study will provide bosic dote to be used in 

comperatlve exam1net1on of Canadian ore deposits. 
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Table 1.1 

Preliminary study of ore Mineralogy of Mattabi deposit (Franklin et al.1977). 

Mineral Analysis Formula 
Pyrite FeS2 
Pyrrhotite Fe(1-x)s 
Chalcopyrite CuFeS2 
Sphalerite Zn=58.11 Fe=7.37 (Cu .001 Hg .002Mn .003Fe .129Zn .866)1.001 S1 .00 

Mn=0.19 Cd=0.09 
Hg=0.41 s =32.89 

Galena Pb=81.99 Ag=0.67 (Pb_936Bi.017A9.014) .967(se.13s8 .06s>1.oo 
Bi=1.52 S=11.75 
Se=4.48 

T etrahedrite Cu=15.08 Fe=4.86 (Ag1 .445Cu1 .13a>2.583(Fe.418Zn .077) .495 
Ag=32.42 Zn=1.02 (Sb1 .042A5 .01 oh .o52S3.121 
Sb=26.42 As=0.13 
s =20.85 

Bournonite Pb=42.17 Sb=29.24 cu.9g4Pb1 .02Sb.995S3.oo 
Cu=12.60 S=19.11 

Cubanite Cu=23.41 Fe=40.72 Cu1 .01 Fe1 .99s3.00 
S=35.26 

Gudmundite Fe=27.00 Sb=56.91 Fe1 .03Sb1 .oo5 o.97 

S=14.58 

Pyrargyrite Cu=0.11 Fe=0.36 Ag3.21 Sb.96S2.83 
Zn=0.12 Ag=61.82 

As=0.38 Sb=20.81 

S=16.16 

Dyscrasite Sb=25.21 Ag=70.95 Ag3.03(As.25Sb.1s>1.oo 

As=S.67 

Amalgam Ag=58.15 Hg=37.2 Approx. Ag3Hg 

Electrum Ag=56.16 Au=36.88 
Hg=S.57 Sb=0.55 



24 

1. 7 Abbrev1ot1ons 

The following obbrevieitions hove been used where appropriate 

In the text: 

PY Pyrite 
po I Pyrrhotite 

sp Spholerite 

cp Chelcopyrite 

gn Goleno 

tetr Tetrohedri te 

11 Ilmenite 

ht Hemctite 

mt Mognetite 

ct Cess1 ter1 te 

ru Rutile 

gh Gohnite 



CHAPTER 11 

Methodo 1 ogy 

207 po11shed sect1ons of core somples from d1omond drill holes 3 and 

49 were exem1ned. S8mp1e 1oc8tions 8re shown in Fig. 2.1. The Y8rious 

methods thet heYe been employed in the collecti on of the mineralogical 

dete, ere descr1bed below. 

2.1 Opttcal methods 

A reflecting 11ght microscope wes used to study 151 polished thin 

sections for the exemtnetton of opoque mtnerel essembleges 8.!'d ultimately 

determ1 ne texture 1 re 1et1 onsht ps of these mi nere 1 essoci at 1 ons. 

Photom1crogrephy wes used to obtetn the photographs. Etching was used to 

dtst1ngu1sh between monocltn1c end hexegonel polymorphic pheses of 

pyrrhottte. Thts wes echieved by piecing e drop of HI and H2o (ratio 1: t) on 

e pyrrhotite grein. A greduel chem1cel react1on was obserYed revealing a 

derk port ton of the gre1n to be hexegonel pyrrhot1te and the light or white 

port1on to be monoc11n1c pyrrhottte (f1g. 5.4, 5.5, 5.6). Reflectances of the 

selected tetrchedrite scmples were determined using o Zeiss MPC 64 

microscope photometer system. A WTiC reflectcnce stendord wos 
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: : : : : : :: : : : 
'· ' ·' ·' • • · • End of core 

Legend 

High sphalerite 

High galena+ sulfosalts 

High pyrite + low sphalerite 

High chalcopyrite 

: ': ·: ·: ·: Stringer zone :: ::::::: 

Fig. 2.1 A section of the sample locations of Mattabi mine. The numbers 
represent the depth of the core samples in metres from the diamond 
drill holes 3 and 49. 
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2.2 El ectron microprobe methods 

56 po11shed sections were studied using sccnning electron microscopy 

(SEM) ond energy dispersive spectrometry (EDS). Point minercl anolyses 

were performed on o H1toch1 570 sconning electron microscope (SEM) with 

5502 Tracor Northam MICROQ progrom opercted ct 20kv ond 18° tcke-off 

engle w1th on-11ne ZAF corrections assuming target homogeneity. 

Beckscettered scenn1ng electron (BSE) microscopy and x-ray energy 

dispersive spectrometry (EDS) were utilized concurrently to select and 

identify individuo1 minercl grci ns for cnclysis. 

The dctc bese consists of 300 point ane1yses on the tetrahedrite and the 

stcndcrds used 1n this quantitative analysis are 11sted in Table 2.1 

Teble 2.1 elements stcndcrds 

Cu Che 1 copyri te 

Fe Che 1 copyri te 

s Cholcopyrite 

Ag Pure metal 

Zn Pure metel 

Sb Pure metol 

As Pure metoJ 
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A synthet1c spholer1te contoining 25 mole ~ FeS wos used os the 

standard for 120 po1nt analyses. The stonderds were ocquired at 0.380 nA 

bearn current, 20 kv operating voltage, 18° take-off angle, working distance 

of 2almm, 100 seconds count times on peoks, dcta were processed with full 

motrh< ZAF correct 1ons, (FeK-olpho, CuK-olpho, ZnK-olpho, SK-olpho, 

AgL-olpho, SbL-olpho, AsL-olpho) lines were exomined for the tetrchedrite 

end (FeK-olpho, ZnK-clpho, SK-alpha) for sphaler1te. The analyti cal totals 

ranged between 98 and 1O1 wt ~ . The values for the tetrahedrite are quoted 

1n numbers relet1ve to 13 atoms of sulfur (Append1x 11) ond those for 

sphcler1te ore qouted 1n mole percentages of FeS (Append1 x IV). 
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CHAPTER 111 

Texture nnd Mineraliznti on 

3.1 Introductory stat ement 

The Mattebi deposit contains a variety of sulfides,sulfosalts and 

o><1de m1nerols. The ensuing peges describe the occurrence, texture, 

compos1t1on end the nature of ore mineralizeitlon of the mineral 

assemblages. Some of the minerals were identified using BSE imagery and 

EDS, since this method is more definitive then opttcel microscopy. The 

textures observed are secondary and tertiary in nature and may have been 

developed during d1agenet1c reconstHution of the ores after deposition on 

the see-floor followed by metamorphic overprinting to the lower 

emphibolite f oc1es. The primary textures may have been obliterated, and 

hence, the generel poregenet1c sequence is indeterminate due to leek etf 

evidence. 

3.2 Ora Textures 

The most prevelent textures present 1n the Metteb1 deposit include 

medtum - to coerse -grefned, gnmuler aggregates of pyrite renging in shape 
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from 1d1omorph1c onneoled groins to rounded (F1g. 3.1, somple 3-222.5). 

Commonly, mass1ve-textured galena can be observed in association with 

che1copyr1te end sphe1er1te . Occes1onel groins of rounded to subrounded 

mognet1te rre invoriobly ossocioted with pyri te ond pyrrhotite. This is in 

egreement w1th the texturol ossessment of the Sturgeon Leke deposits 

(Sever1n, 1982). 

Chelcopyr1te was encountered as anhedrel interlocking grains 

interst1t1a1 to sphelerite and gangue but was also found as minute blebs and 

streoks in spho1er1te ( Fig. 3.2, somple 49-436 ), often described as 

che1 copyr1te d1seose, (Berton, 1978). This wos et f i rst thought of os being 

due to cryste11ogreph1c 1ntergrowth es 1s evident from orientation of the 

guest into one, two or three crysto11ogrophlc directions of the host minerol 

(Nielsen et ol. 1972). Coorse, crysto11ogrophico11y ori ented inclusions of 

che1copyr1te 1n sphe1er1te heve been 1nterpreted by Hutch1son ond Scott 

( 198 1) es e metemorph1c product of en or1g1ne11y f1ne-gre1ned, two-phase 

essemblage. Comper1son of the fine gn~1n-s1ze of chelcopyr1te in the 

metemorphosed kuroko ores with coarser texture 1 n Norenda ores supports 

this 1nterpretotion (Kologeropoulos ond Scott, 1987). 
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1 0.4mm1 
Fig. 3. 1 ldiomorphic anne8led grains of pyrite in association w1th 
galena and sphal·ente. Sample 3-222.Siiiiiiiiiiiiiiiiii~~====-

cp 

1 0.2mm1 
Fig. 3.2 Mottled .. spotty texture of chalcopyr1te blebs in 
sphalerlte (chalcopyr1te disease). The dark spots are silicate 
gengue. Sample 49-436 
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Barton ( 1970) bel1eved thet chalcopyrtte d1seese could be produced by 

copper 1n oqueous solution reocting with FeS in spholerite during the lote 

stoges of ore formotion. However, HutcMnson ( 1978) proved in two 

exper1men~e1 studtes that exsolution i s not a viable mechanism. Vui and 

Shttoye, ( 1983) ettributed cholcopyrite disease to physical segregation of 

remnents of e pr1mit1ve stege of formation of cholcopyrite and sphalerite. 

Spheler1te end chelcopyr1te may have formed contemporaneously as small 

blabs and spha1er1te grew to 1ts present grain s1ze (up to 3mm), while 

pushing end squeezing the small chalcopyrite blebs to grain boundaries. This 

process, however, does not exp loin the mejority of textures. Johnson ( 1981) 

ottempted to explo1n the cholcopyrite d1seose in terms of supergene 

phenomene, but the supergene processes only relebel the environment. 

Clerk ( 1970) proposed thet the breekdown of o metastable Cu-Zn-S i s 

releted to the cholcopyrite diseose texture formotion, but this suggestion 

wos found to ento11 the removol of copper originolly dissolved in sphalerite 

during en interect1on w1th fluids of higher sulfur fugocity (Ohmoto et 

al.1983). The problem with this mechanism is thet the initial sphalerite i s 

un11kely to hove contained sufficient copper to form cholcopyrite by simple 

sulfidotion. However, 1t wos experimentolly demonstroted thot the 

chelcopyr1te d1seese In neturel samples mey hove formed by interacti on of o 
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hot copper-beor1ng flu1d ond on lron-beor1ng spholerite with the most likely 

mechontsm be1ng the replocement of FeS in spholerHe by cholcopyrite 

(El dr1 dge et e 1. 1988). 

Def1ormotionol feotures ore the only microstructures observed in the 

ore mlnerols. The presence of predominont subregulor to irregulor networks 

of frectures tn pyr1te ( Ftg. 3.3 ), ts suggest1ve of catac1ast1c texture. The 

pyr1te gratn boundar1es appear to be occupied by matrix sulfides and most 

commonly by chelcopyrite, sphalerite, galena and pyrrhotite ( Fig. 3.4, 

49-358 ). Unlike pyr1te, the motr1x sulf1des do not show any effects of 

cotoclosts ow1ng to the1r duct11 e neture. But the effects of deformation are 

obvtous from the elongeted noture of pyrrhotite groins and the presence of 

trens1ot1on l ome11oe showing microfolding end microfaulting in them. 

It wos found thot the ore minerols, porticulorly pyrite ond 

orsenopyrtte, tend to become coorser gro1ned ot depth. Tonimuro et ol. 

( 1974) noted o s1m11or trend tn their texturel description of the kuroko 

orebody 1n the Hokuroku d1str1ct 1n Japan. In addition, pyrite tends to be less 

euhedrel et depth and occurs as compact aggregates. Cha1copyr1te blebs in 

spholertte eppeor to become more abundant et depth. Pyrrhotite and 
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1 0.4mm1 
Fig. 3.3 Irregular network of fractures in pyrite 1 suggestive of 
cetac1es1s end is pervesive throughout the deposit. Semple 3-360 

1 0.4mm1 
Fig. 3.4 Annet11ing texture cht1rt1cterized by triple junctions due 
to recrysta111zat1on of pyr1te dur1ng the slow coo11ng process of 
the deposit. Sample 49-358 
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megnet1te content were observed to 1ncrease ot depth, which suggest o 

decreose in sulfur content. The bulk of the tetrohedrite occurs in the upper 

portion of the orebody. Golena wos found ossociated commonly with 

tetrohedr1te ond to exhib1t mutuol grain boundaries indicating no distinct 

ege relotionships. 

3.3 ..Mpects of M1 nero11 zoti on 

Copper sul f1 de m1nera112at 1 on 1 n the Mattab1 depos1t 1 s characterized 

by both moss1ve end d1ssem1noted cholcopyr1te and, to a lesser extent, by 

tetrohedr1te. The disseminoted cholcopyrite is obout 1.5 mm in diometer 

ond is scottered throughout the deposit. Mossive cholcopyrite mokes up the 

high copper ores ond becomes more opporent in the basol section of the 

deposit (F1g. 3.5). Visual estimat1on of the obundance of massive 

cholcopyrite ronges from 60-80 ~ w1th spholerite forming streaks through 

1t. Moss1ve cho1copyr1te 1s coorse-groined and grades into 1-4 cm thick 

oggregotes. 

Z1nc sulfide m1nerali2at1on is characterized by massive spholerite 

end rorely, by d1sseminoted spholer1te. The v1sua1 estimate ranges from 

60-90 ~in obundonce. Mosstve spholerite is coarse-groined ond is prevalent 

1n the upper port1on of the depos1t, whereos the dissemtnoted 
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metres 

II 

111 

IV 

CHARACTERISTIC CHARACTERISTIC 
MINERALS 

PYRITE 
SPHALERITE 
GALENA 
FREIBERGITE 

PYRITE 
TETRAHEDRITE 
GALENA 
SPHALERITE 
CASSITE RITE 

CHALCOPYRITE 
PYRRHOTITE 
PYRITE 

MAGNETITE 
ILMENITE 
HEMATITE 

GAHNITE 
JACOBSITE 

ELEMENTS 

Zn 
Pb 

Pb 
Ag 
Sb 
Sn 

Cu 

Fe 
Mn 

Fig. 3.5 Mineral and element zoning of Mattabi deposit. 
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spholerite 1s sporod1c with depth end cssocicted with contorted, composite 

groins of pyrite. The massive sphc1erite encloses minor blebs of gclenc end 

chclcopyrite. Cossiterite is observed os euhedrc1 porphyroblcsts largely 

sccttered Ii n mcssi ve sphc 1 eri te cggregot ion. 

Leed su1f1de minerclizotion is restricted to the upper portion of the 

depos1t, where goleno ts commonly cssocioted with tetrohedrite and 

occes1onaly 1ntergrown w1th sphaler1te and arsenopyr1te. Visual estimates 

rcnge from 50 to 80 i mcssive to coorse-groined gclena. The galena grains 

contcin elongcted, blcde-like inclusions of sulfosolts ( Fig. 3.6 e ). 

Arsenopyrite occurs as fine-to medium-grained aggregates intermixed with 

pyr1te. 

Oxide mtnero11zot1on ts predomincnt ct the bescl contact of the 

deposit. The most common oxide minerols include mognetite, gohnite end 

jccobs1te, which ore commonly 1nterst1t1cl to sulfides in this oxidized 

zone. Ilmenite end hematite occur motnly cs fine, exsolved lomellee within 

magnetite. These ox1des are mainly associated with silicates and 

occostonelly disseminated within the sulfides. 
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Captions for photomicrographs of Figure 3.6 

a) Interstitial tetrahedrite sharing grain boundaries with sphalerite, 

gf lena and chalcopyr1te <sample 49-269). 

b) Porphyroblastlc cass1ter1te grain in massive sphalerite <sample 

3-228). 

c) Subhedra l ilmenite at grain boundaries with spha lerite (sample 

49-455). 

d) Mineral D Is stephanlte identified in sample 49-289 and occurs in 

sphaler1te ve1ns particularly at grain borders. 

e) Minera 1 A is bou l angeri te identified in sample 3- 198.5 and occurs as 

1dlomorph1c platy blades projecting into galena. 

f) Elongate magnetite grain invariably associated with chalcopyri te 

<sample 49-455). 

g) Disseminated subhedral to anhedral aggregated rutile grains 

lntergrown with chalcopyrlte <sample 49-J 66). 

h) Euhedral coarse granular gahni te in assoc lat ion with hematite 

<sample 3-400). 



3.4 Oescr1pt1ve Mtnerelogy 

Th1s section describes the meto11ic minerols of the Mottobi deposit. 

Moot of these minerols ore present os veins, mosses ond disseminotions. The 

order of d8iscr1pt1on 1s su1f1des, sulfosolts ond oxides (Table 3. l) . 

Porogenet1c relot1onsh1ps between the minerols ore described where 

oppropr1ote. 

3.4.1 Sulf1 des 

Pyr1 te ( FeS2 ) 1s the most ubiqu1tous of the sul fides present. It 

wes 1dentH1ed os creomy white to yellowish white. It is homogenously 

d1str1buted throughout the deposit ond occos1onolly disseminoted. Pyrite 

occurs os equ1gronulor, smoll to medium, euhedrol cubic ond pyritohedral 

crystols rong1ng In size from 0.1-3mm 1n dlometer ond the euhedrol nature 

of the crystols moy be os o result of recrysto111zot1on during prolonged 

onneo11ng, which give r1se to tr1ple junctions (fig. 3.4). In semple 49-269, 

pyr1te oggregetes rorm colloform bond1ng ( F1g. 3.7 ). ld1omorph1c annealed 

pyrite groins (Semple 3-222.5, Fig. 3.1) form eggregotes of mutually 

curving. enneoled groin bounderies with negligible interpenetration. Eorlier 

formed eggregotes of fromboids (Semple 3-150, Fig. 3.8) moy be overgown 
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Table 3.1 The study area has revealed the presence of the 
following minerals: 

Sulfides 
Pyrite 
Sphalerite 
Chalcopyrite 
Pyrrhotite 
Galena 
Arsenopyrite 
Bornite 
Mackinawite 

Sulfosalts 
Tetrahedrite 
Freibergite 
Pyrargyrite 
Boulangerite 
Freieslebenite 
Veenite 
Stephanite 

Oxides 
Magnetite 
Hematite 
Ilmenite 
Rutile 

Jacobsite 
Cassite rite 

Gahnite 

FeS2 
ZnS 
CuFeS2 
Fe1 _xS 
PbS 
FeAsS 
Cu5FeS4 
( Fe,Ni)gSa 

(Cu,Ag)1 o (Fe,Zn)2Sb4S13 
(Ag,Cu)1 o (Fe,Zn)2Sb4S13 

Ag3SbS3 
Pb5Sb4S11 
PbAgSbS3 
Pb2(Sb,As)2S5 
Ag5SbS4 

Fe304 
Fe2o3 
FeTi03 
Ti02 
Fe+3(Mn,Fe+3)2o4 
Sn02 
ZnAl204 
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1 0.4mm1 
Fig. 3.7 Colloform banding in pyrite associeted with alteration 
mineralization around the mGin sphGlerite. SGmple 49-269 

1 0.4mm1 
Fig. 3.6 Earll er formed aggregates of frambo1ds overgrown by 
recrystallized subhedral coarser pyrite et depth. Sample 3-150 

42 



by subhedrol coorser pyrite ot depth. Throughout the mossive ores, pyrite 

reto1ns morpho1og1co1 diversity. 

Where the groundmoss 1s homogenous, pyrite tends to be more 

1d1omorphic. Sometimes groins ore elongote in oppeoronce, commonly pitted 
I 

ond h1ghly froctured ol ong groin boundor1es ond 1ntensely crushed exhibiting 

cetec1es1s. Pyr1te elso occurs os f1nely d1ssem1noted groins within gongue 

(Semple 3-204 ). Locally, pyrite groins enclose silicate minerals or ore 

skeleto11n noture. The porogenetic sequence of pyrite is rather obscure, 

since subhedrol to euhedrol pyrite are distinct ot every stoge of deposition. 

Sphaler1te ( ZnS ) forms on lmportont ore constituent of the 

Mottobi deposit. It is invori obly ossocioted with cholcopyrite, pyrrhotite, 

pyrite, goleno ond occurs os groundmoss ond commonly as euhedrol to 

onhedrol oggregotes. The groins ore typicolly pole grey in reflected 1 ight 

end unzoned. Frequently, spheler1te 1s observed as massive. Occasionally, 

spheler1te f111s the 1nterst1ces between pyrite cubes. The grain boundaries 

ere shorp end undulose. Pert1o1 replocement of spholerite by cholcopyrite 

mosked the inltiol chorocter of much of the spholerite suggesting thot most 

of the spholerite crystols farmed before the cholcopyrite. Lomell oe 

twinning is opporent when spholerite is etched with HI. 
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The obsen>ed textures of spholer1te ore suggestive of the following 

relotive order of deposition: 

1) Prec1p1tot1on of eorly spholerite; 

2) Recr~sta111zat1on to mass1ve, coarse-grained sphalerite. Homogeneous 

oggregotes of crystols were cemented by loter sulfides or gongue minerols. 

3) Hydrothermel d1ssolut1on mey hove removed port of the growth history 

creot1ng o m1crokorst texture (Borton, 1978) sim11or to those described in 

spheler1te from M1ss1ss1pp1 Valley-type deposits (Mclimans et al. 1980). 

4) M1nor prec1p1tot1on of spho1er1te terminated the spha1er1te 

mi nero 11zot1 on. 

ChalcopyrHe ( CufeS2 ) occurs as euhedrol to onhedrol oggregates. 

It 1s ub1quttous, end Its obundonce Increases w1th depth. It occurs also as 

coorse, elongote gre1ns, occes1one11y f1nely d1ssem1nated throughout the 

depos1t. Chelcopynte commonly oppeers as e major component of compos1te 

gretns wtth spholer1te. The s1ze ronges from < 0.1 mm to 6mm 1n diameter. 

Elongote gretns ere opprox1metely 2.Scm in length end Smm tn width. 

Commonlu. chelcopur1te f tlls the voids between pyrite groin boundaries (Fig. 

3.9, somple 3-125) end encloses si11cete grains exhibiting skeletal habit. It 

occurs elso os small inclusions within pyrite end often penetrates to the 
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1 0.4mm1 
Fig. 3.9 Irregular intergrowths of chalcopyrite between annealed 
grains of pyrite. Sample 3-125. 
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interior of cubes to form otoll texture. Cholcopyrite forms cuspote ond 

curv111neer merg1ns os common boundory relotionship with other sulfides 

but frequently forms cholcopyrite-diseose with spholerite ( Fig. 3.2). 

Cholcopyri\e oppeors 1n some coses to hove co-precipitoted in minor 

emounts w1th the other sulf1des. Commonly, it is found os matrix sulfide 

together w1th spheler1te and pyrrhotite. It forms irregular intergrowths of 

chelcopyr1te between annealed gra1ns of pyr1te ( Fig. 3.9 ). 

Pyrrhot1te .< Fe l-xs ) is a major constituent of the Mattobi deposit 

end occurs es enhedrel to subhedrel groins, composite In neture or es 

e11otr1omorph1c petches . Pyrrhot1te Is pinkish grey and exhibits weak to 

mocierete p1eochro1sm encl an1sotrop1sm. Pyrrhot1te forms Interstitial 

1rregu1or oggregotes w1th pyrite anci occass1ona11y may appear columnar, 

fibrous end prismetic in gangue. The grain size is highly variable. Single 

gretns ronge from< 0.1 mm to 2.Smm in length to 2mm in diameter. It is 

commonly essoc1eted with pyrite, cholcopyrite, sphelerite and magnetite. 

Occeslonelly, pyrrhot1te exh1b1ts rodioting and atoll textures and is 

perUelly skeletel. Individual groins are locally elongated parallel to the 

sch1stos1ty e)<hlbited by the ores. It olso shows mutual boundary 

relet1onsh1p wtth other sulfides. The boundari es are sharp and undulose and 
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sometimes fused. The abundonce of pyrrhot1te increoses with depth within 

the depost t. 

Ga 1 ena ( PbS ) 1 s concentrated in the upper ha 1 f of the deposit. It is 

commonly sub1d1omorph1c to xenomorphic in coorse-to medium-groined 

net-textured oggregotes. Goleno occurs as veins, Jorge mosses, and irregu1or 

inclusions 1n sphalerite and pyrite. The size ranges from 0.1 mm to 6mm in 

length to Smm in diameter. It 1s freQuently intergrown with tetrahedrite 

and occasionally contains bladed, fibrous, elongate, flame-like inclusions of 

boulonger1te, veenite ond frei es1ebenite (Fi g. 3.6 e ). Goleno is often 

cross-cut by ond enclosed in cho1copyrite. 

Arsenopyr1te ( FeAsS ) occurs as euhedro1 to subhedra1, coarse 

groins, frequently porphyrob1ostic in spho1erite, cho1copyrite and goleno. It 

is observed os 1nclus1ons 1n tetrohedr1te ond Is often intergrown with pyrite 

ond contoi ns inclusions of go 1 eno, spho 1 erite ond cho 1 copyrite. Arsenopyrite 

d1spleys rect111neer boundary relet1onships with other sulfides. It is 

commonly rhomb-sheped, occos1one11y rectongulor and lath-like with sharp 

borders. Most groins ore 1 mm to 3mm in length ond 2.5 mm in diameter. 
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sometimes fused. The obundonce of pyrrhotite i ncreoses with depth within 

the deposit. 

Ge1ene ( PbS ) 1s concentrated 1n the upper half of the deposit. It is 

commonly sub1d1omorph1c to xenomorphic in coorse-to medium-groined 

net-textured oggregetes. Goleno occurs os veins, lorge mosses, ond irregular 

1nclus1ons 1n spholerite ond pyrite. The size ranges from 0.1 mm to 6mm in 

length to Smm 1n diameter. It 1s frequently intergrown with tetrahedrite 

ond occosionolly contains bladed, fibrous, elongate, flame-like inclusions of 

boulonger1te, veenite ond freieslebenite ( Fig. 3.6 e ). Goleno is often 

cross-cut by ond enclosed in cholcopyrite. 

Arsenopyrtte ( FeAsS ) occurs os euhedral to subhedral, coarse 

gro1ns, frequently porphyroblostic in spholerite, cholcopyrite ond goleno. It 

1s observed os 1nclus1ons 1n tetrohedrite ond is often intergrown with pyrite 

ond contoins 1nclusions of goleno, spholerite ond cholcopyrite. Arsenopyrite 

d1sp1eys rect111neor boundery ra1ot1onships with other su1f1des. It is 

commonly rhomb-sheped, occes1one11y rectengulor end lath-l ike with sharp 

borders. Most groins ore 1 mm to 3mm in length ond 2.5 mm in diometer. 
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Mack1naw1te ( (Fe,N0 9s8 ) occurs sporad1ca11y in siliceous Yeins 

es enhedrel , fsol eted, coarse to medium grains. It ts strongly pleochrofc, 

rrom grey to dork grey, ond ant sotropt sm ts dt st t net. 

Borntte ( cu5Fes4 ) occurs es rims end 1rreguler polycrystalline 

oggregotes between cho1copyrite ond pyrrhot1te. It 1s o rore mineral in the 

deposit. It was identified optically as pinkish-grey, tarnishing to purple 

along gra1n boundaries, and i s 1sotrop1c. 

48 



49 

3.4.2 SUJfOS81tS 

coerse, subhedrel to anhedral grains, commonly interstitial (sample 49-269, 

Fig. 3.1 O end Fig. 3.6 e ), end sheres grain boundaries wtth sphalertte, 

chelcopyrtte end gelene. The size ranges from 1 o )Jm-200 µm 1n diameter but 

evereges 70).lm-150,um. In reflected light, tts colour veries from ollve-

green- grey to bronze-grey. It is the most common sulfosalt at Mattabi. It is 

present es irreguler veinlets, messes and remnants in sulfides. It also 

occurs es minute, disseminated grains commonly associated with 

chelcopyr1te In zone Ill (Fig. 3.5 ). The mineral chemistry of tetrahedrite is 

discussed 1n chepter IV. 

Fretberg1te ( Ag.,Cu ) 1 o< Fe.,Zn >2sb4S 13 or argentlan .. 

tetreihedrite, occurs eis small subhedrel, often prismetic grains ranging in 

size from 40).Jm-150,um in diameter but avereg1ng 60,um-100).Jm. It 

invariably appears as inclusions within galena end is commonly interstitial 

to sphelertte, pyrite, chalcopyrite end gangue. In reflected 11ght, i t appears 

es derl< olive-gray (semple 49-279), and no anomalous anisotropy or 
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Fig. 3.1 O Tetnihedrlte 1n assoc1etlon with gelene, exh1bit1ng t he 
conceve grai n boundary r el ati onship. Sample 49-269 



internol reflection wos observed. The compositionol ronge of freibergite is 

given in Appendix I, groins 9, 13, ond 49. 

I Pyrargyrite ( Ag3SbS3 ) was identified in somple 49-284 only 

as a t1ny gra1n 1nterst1t1a1 to tetrahedr1te and galena. It 1s the least 

common sulfosalt at Mattabl. Its grain size was 1 O).Jm in d1ameter. The 

composH1on of pyrargyr1te was conf i rmed by scann1ng electron mlcroprobe 

and X-ray energy dispersive spectrometry. 

Boulanger1te ( Pb5Sb4s 11 ) occurs es elongeted, 1so-or1ented 

aggregates, platy-like blades commonly pro j ecting i n galena (sample 

3-198.5, Fi g. 3.6 e). Isolated crystals and terminations are rare. It is 

locelly observed el so es thin, heir-l i ke crystels in vugs. It is strongly 

pl eochro1c, from 11ght green to dark green. Anisotropy is distinct. · Its 

composition was confirmed by X-ray enery dispersive spectrometry. 

Fre1esleben1te ( PbAgSbS3 ) wes identifi ed in sample 49-226 as 

derk, elongate, bladed inclusions in galena. Its composition was confi rmed 

by X-ray energy dispersive spectrometry. 
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Stephan1te ( Ag5SbS4 ) occurs in veins m1nere11zed with 

sphelerlte pert1culerly ot grain borders ( F1g. 3.6 d ). It wos 1dentified in 

semple 49-289. It is whitish pink with epperent lomellar twinning. It is 

strongly enl sotrop1 c. The grei n boundori es ere sharp end re ct 11 i near with 

relet lvely simple 1ock1ng. Its observed as short prismatic to tabular, locally 

w1th obllQue str1etlons on prism faces and often disseminated. X-ray energy 

dispersive spectrometry confirmed the compos1t1on of stephan1te. 

Veen1te ( Pb2(Sb,As)2s5 ) occurs es minute groins associ ated 

w1th bou1enger1te end gelene in semple 3-222.5. 

3 .4.3 Ox1des 

t1agnet1te ( Fe3o4 ) 1s the most common oxide mineral in the 

Metteb1 deposit. It occurs es messive, coerse to medium, subhedrel to 

subrounded grains having en average size from 40µm to 120,AJm in diameter. 

Occestone11y, megnettte gre1ns ere found to be elongete in neture (sample 

49-455, F1g. 3.6 f ). It is commonly essocieted wHh gengue sillcates and 

chelcopyrlte. Megnettte occurring within gengue minerals 1s observed to be 

1nt1mete1y tntergrown with them suggesting their s1mu1teneous formation. 



Hemet1te ( Fe2o3 ) wes 1dent1f1ed opt1ce11y by its strong 

on1sotropy, deep red 1nterno1 reflections end apparent l amellar twinning. Its 

presence wos conf1rmed by the scann1ng electron mtcroprobe analys1s. 

Hemot1te 1s round commonly associated w1th 11men1te and magnettte. 

Rutt le ( Tto2 ) 1s commonly concentrated in the gangue minerals 

and invariably associated with magnetite and ilmenite and intergrown with 

chalcopyrite (sample 49- 166, Fig. 3.6 g) averaging i n size between 20 

,.AJm-25,AJm 1n d1ometer. It occurs es i rregular needles but most commonly as 

d1ssem1net ed subhedrel to anhedral aggregated grains farming lensoidal 

layers and locally, as prismatic grains in zone IV (Fig. 3.5 ). It occesionelly 

consists of intimate intergrowths wHh hematite. Anisotropy end 

p I eochroi sm ere both week. 

Cass1ter1te ( sno2 ) is the only t1n-beer1ng mineral in the ore. It 

was 1dent111ed by the scanning electron microprobe analysis. It appeared as 

whltish yellow to yellowish brown (sample 3-228, Fig. 3.6 b ), distinctly 

1d1omorph1c end occurs es 1soleted, scattered, short prismatic to 

subrounded grains in sphalerite. It is restricted to zone II within the deposit 
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( F1g. 3.5) A spectrogreph1c enelysis showed thet cessiterite conteins no 

other metclltc elements. 

Ilmenite ( FeTt03 ) occurs me1nly os finely exsolved lomellae 

w1th1n magnetite end rarely os prismotic groins within gongue. Sometimes, 

1t 1s observed es subhedral gra1ns at gra1nboundar1es with sphalerite. 

(sample 49-455, F1g. 3.6 c ). 

Jecobs1te ( Fe+3(Mn.Fe+3>2o4 ) occurs es subhedral to anhedral 

grains, usuaJly massive and coarse. This is the only mangenese-bearing 

mineral in the deposit end is commonly found in zone IV ( Fig. 3.5 ). 

Gnhn1te ( ZnA12o4 ) occurs es euhedrel coerse grenuler (Fig. 3.6 h) 

to compact or rounded gra1ns. The everege size of gehnite ts 2 mm 1n 

diameter. These grains ere octehedrel, derk green end contetn zones of 

1nc1us1ons. It 1s pervasive throughout the deposit but concentrated in zone 

IV ( Fig. 3.5 ). 
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3.5 Element end mi nern 1 zoning 

The Mcttcbi mess1Ye sulfide deposit is cherecter1zed by 

Cu+Fe+Mn-rich ores ot the bose ond Zn+Pb-rich ores ot the top( Fig. 3.5 ). 

The bounder1es ere tronsitionc11n noture end were not necesser11y 

stct1oncry during the different peri ods of m1nere11zct1on. 

Zone I is characterized by pyrite, sphaler1te, galeno end 

freibergite. 

Zone 11 is chorocterized by spholerite, pyrite, gclenc, Ag-rich 

tetrehedr1te end other sulfosclts. Coss1tertte is restricted to 

the stret1grcph1c upper portion of the section. 

Zone 111 is cherecterized by chcl copyrite,pyrrhottte ond pyrite. The 

presence of pyrite here 1s probcbly due to the oxidction of 

pyrrhottte during which there is loss of iron end ultimctely 

1eed1ng to the formet1on of megnet1te end hematite in zone IV, 

flg. 3.5. Chclcopyrite cccounts for c relot1Yely hlgh copper ore. 

Zone IV is not pert of the deposit end is cherecterized by oxide minen1ls 

.Mcgnettte, gchnite end j ccobstte ere the pervcsive minercls in 

this oxidized zone. With exception of j ecobsite, the rest of the 

oxide minercls occur in the deposit. 
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CHAPTER IV 

Mineral Chemistry of Tetrahedri te 

4.1 lntroduct1on 

The tetrehedrite-freibergite series of minerals ore wide-

spreed and carry significant amount of Ag, Cu,Sb in the Mattobi deposi t. 

The tetrohedrite, in particular, is o common member of the fohlore group of 

mtnerels end epprox1metes the formula (Cu, Ag) 10 (Fe, Zn)2 (Sb, As)4 S13 ( 

Springer, 1969; Johan end Kvocek, 1971 ; Skinner et al.1972; Totsuko and 

Morimoto, 1973; Charlot end Levy, 1974; Wu end Petersen, 1977; 
A 

Pettrick, 1978; Cvech end Hok, 1979; Amcoff, 1981 ; Basu et ol.1981 ; Craig et 

el.1986, 1988; Johnson, 1987; Sock et et.1987;). This formula, while 

complicated, is stoichiometric (Appendix I and 11). To establish element 

zon1ng, compostttonal ranges end well def1ned pos1t1ve end negative 

correlet1ons 1n terms of metal contents, e 5-po1nt analyses per gre1n for 60 

gre1ns of tetraheelrtte were mede. For the purpose of exple1n1ng the 

complex compos1t1one1 Yer1et1ons 1n the tetrehedr1te, the s1mp1e 6r111ou1n 

zone model (Johnson end Jeenloz, 1983) was employed. 



4.2 Annlyticnl results 

The composition of tetrehedrite wes determined by celculeting the 

meen of e 5-pofnt enelyses per groin in 60 groins (Appendi x I) from Mottobi 

deposit. The epproxi mete mean chemi ca 1 compost ti on was (Cu6. 76 Ag3_34) 

(Fe t .60 Zno.62) (Sb3.?5 As0.26> s 13. The sulfur content was found to be 

low ond vor1ed from 21 to 25 wt~ (Appendi x I). Similor low sulfur 

contents hove been reported from other deposits by Petru!< et el. ( 1971 ), 

Ril ey ( 1974), Pattrick ( 1978) and Sandecki and Amcoff ( 1961 ), among 

others. The greetest elemental verietions in the enelysed samples occur 

with Cu, Ag; Sb, As; but Zn is found to decrease whereas Fe reme1ns bet~een 

1 /2 ond 2 es Ag increeses beyond the value of 3 per 29 otoms. This effect 

hes elso been noted by Pat trick end Hell ( 1963). No distinct pettern of 

compos1 t1one1 zonet1on wes observed1 fmplyfng thet cotton exchenge wes 

pervasive end complete. Thls probably suggests that tetrchedrite wes 

homogenf zed during the metemorphic event. 

A plot of Ag versus Cu etoms df spleys e neget1ve 11neer corretetton 

(Ftg. 4.1) tndtcettng thet ths structure eccspts e ~o11d solution 1n the 

(Cu,Ag) sttes (Fig. 4.2). The plot suggests a moximum of 6 Ag atoms per unit 

formula end shows en e><tensf ve compositional field. Within the tetrahedral 
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F1 JI. 4. 1 The number of Cu atoms versus number 
of Ag atoms (based on 29 etoms total) for samples 
of tetrahedr1te from t1etteb1 deposit. 
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F1g. 4.2 LinkGge of the polyhedrG formed by metGl 
8toms coord1nGted about the sulfur atoms in tetrGhedr1te 
A nt1mon" si tes are 1nd1cated b" the small circles. All 
other vert1ce of the ooluhedra represent copper s1tes, 
where substitution for silver tnkes place. 
(A ft er Wuensch~ 1963) 



ser1es,the samples w1th high Ag values (Ag>20 wt %) according to the limits 

of Riley (1 974) ore termed freibergite (Groin 9, 13, 49, Appendix I). The 

majority of tho compoa1tiona exomined in the study contoin 1 O otoms of Cu 

per unit formul o. A sign1ficont percentoge hove fewer thon 1 O, to o 

minimum of 9.1 (Appendi x 11). This i s consistent with experimental findings 

of Creig et ol.( 1986), Sock et 01.( 1985 ) and Lynch ( 1989). The plot olso 

shows thot the etom for atom substitution of Ag for Cu is continuous. 

The enelyt1ce1 dete (F1g. 4.3) support the long held premise of complete 

so11d solut1on between Sb and As end-members. Sb content rises 

monoton1ce11y es As content decreases, demonstrating the diadochy of these 

two elements. Miller ond Croig ( 1983) proposed thot the positive 

correlot1on between Ag ond Sb is not necessory but permissive or coupled. 

The plot olso shows thot there is rel otively even distribution of 

compositions, whfch 1nd1cetes thet the geochemical conditions necessary 

for the formot1on of 011 members of solid solution probobly existed. 

60 



Fig. 4 .3 The number of Sb atoms versus the number 
of As etoms for tetrnhedrite from Mnttttb1 depos1t. 
The solid 11ne 1s the 1deel solid-solution., assuming 
Sb+As =4 atoms (based on 29 ntoms per unit cell). 
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The results in Fig. 4.4 show thot Ag ond As hove little toleronce for eoch 

other 1n the tetrohedr1te structure. The presence of only one otom of As 

decreeses the mex1mum number of Ag otoms from 6 to 3. This meens thot 

As-r1ch tetrohedrites will not incorporete Ag even if reodily ovoiloble. 

4.3 The Br111 ou1 n zone mode I 

The Br111ou1n zone for a compound consists of the volume closer to the 

or1g1n then to eny other po1nt of the compound's reciprocal lattice. Since 

the 1ett1 ce of tetrohedr1 te 1 s body-centred, the f 1 rst Br111 oui n zone is 

bounded by the dodeceihedron < 110> Jones ( 1975). This zone is filled by four 

electrons count1ng spin multiplicity. Johnson ond Jeonloz, ( 1983) proposed 

thet the steb111ty of tetrohedr1 tes is governed by the number of vo 1 ence 

electrons eve11eble for eech composition. A Brillouin zone for tetrohedrite 

tn wh1ch 204-208 electrons ore occommodoted 1n the 51 st Brillouin zone is 

ver1f1ed tn the onolyttcol doto. However, when three or more Ag otoms per 

untt formule ere present, the number of vel ence electrons increases from 

204-206 as Ag atoms 1ncreese from 3 to 6 (Fig. 4.5). As composition varies 

from the ct ass1ce1 formula C 12 Sb4 S13 (Pauling end Newmenn, 1934) to the 

f ormulo (Cu, Ag) 10(Fe, Zn)2(As, Sb) 4s 13 the number of velence electrons 

per unH ce111ncreases from 204 to 206. At a value of 208, the s2nd 
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Fig. 4.4 The number of Ag ctoms versus the number 
of As otoms for samples of tetrahedrite from Mattab1 
deposit (hosed on 29 otoms per unit cell). 
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F1g. 4 .5 The number of valence electrons versus the 
number of Ag atoms for samples of tetrahedrite from 
Mt1t tab1 depos1 t. The number of valence electrons 
1 ncreases from 204 to 208 as Ag atoms Increase from 
3 to 6. The presence of (Fe+Zn) In excess of 2 atoms 
per unit fonnu1a appear to stab111ze the 52nd 
Br111ou1n zone 1 with > 208 valence electrons per un1t 
cell. 
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Br11lou1n zone 1s completely f1lled. The presence of (Fe+Zn) 1n excess of 

two otoms per unit formulo oppeors to stobilize the 52nd Brillouin zone, 

with >208 volence eletrons per unit cell. Such vorying compositions with 

additional valence electrons available require a large increase in energy 

because electrons must be promoted across the energy gap before the next 

Brillouin zone con be f111ed. 
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CHAPTER \I 

Sphn 1 eri te Geobarometry 

5.1 Introducti on 

Sphelerite geoberometry enjoys wide support emong petrologists and 

econom1c geologists at large (e.g, Essene, 1982; Torium, 1977; Hutchison end 

Scott, 1981 ; Scott end Klss1n, 1973; Meth1eson end Clerk, 1984; Shtbe.1986) 

es e reliable tool thet gives pressure velues consistent with the pressure 

obtained by si11cete equ11ibr1e. It wes f i rst proposed by Berton end Toulmin 

( 1966) end later refined by Scott end Bernes ( 1971 ), Scott ( 1973) end Lusk 

end Ford ( 1978). 

The following discussion aims et examining the iron content of 

sphelerite that hes equilibrated with the iron sulfides so that conditions of 

dapos1t1on end subsequent metamorphism of the sulfide bearing ores may be 

deciphered. The sphelerite geoberometry is based on the continuously 

decrees1ng Iron content of sphelerite as a function of pressure at any given 

h mparetura and in aqu111br1um withe suitable buffer for the 

FeS ~ct1 v1ty (eF85). At any g1ven temperature and pressure, aFeS 
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1s buffered by the coexisting pyrite end pyrrhotite through the following 

reect1on : 

FeS (in pyrrhotite) + 1 /2 s2 = Fes2 

Electron m1croprobe enelyses were obtained from sphalerite grains tn the 

fo11ow1ng different texturel relations: 

1) Spheler1te forming tr1ple junction wtth pyrite and pyrrhotite. 

2) Spheler1te encepsuleted w1thin pyr1te. 

3) Spheler1te In contect w1th pyrite 

4) Sphelerite 1n contect with pyrrhotite. 

The velues, quoted es mole ~ FeS in sphalerite for these 11arious 

essembleges, ere shown In Appendix IV. Mn end Cd were less then 0.1 wt~ in 

ell spheler1te samples. 

5.2 £.gutltbrtum Model 

A portf on of the system Fe-Zn-S thet includes pyr1te, pyrrhottte and 

sphelertte 1s considered. In th1s berometer, 1t 1s assumed that no other 

solid solut ton series 1s sign1ftcent for the mtnerels concerned. The 

evefleb111ty of exper1mentel dete on pyrrhot1te -pyrite end 

sphelertte-pyrrhottte In eQu111br1um w1th pyrite at 1 bar (Scott and 

Bernes, 1971) enebled the celculetion of equilibrium compositions of 
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pyrrhot1te ond spholer1te solld solutions os functions of pressure ond 

tempereture. Further more, the equi11brium compositi ons of the three 

phese equf11br1um con ectuolly be reproduced by synthetic experiments 

(Scott end Bernes, 1971 ; Scott, 1973; Hutchison end Scott, 1980). 

Hutchison end Scott ( 1980) ref ined thermodynomic colculotion ond on the 

bos1s of the temperoture 1ndependence of the1r 1 O kber 1sobar, concluded 

that the d1screpency 1s 1ns1gn1f1cant because the thermal expansion and 

compress1b111ty of the relevant phases are not adequately known. Sphalerite 

wes observed os homogeneous os evidenced by the lack of colour zoning. The 

microprobe enolys1s of six somples of spholerite occurring with pyrite end 

pyrrhotite show o well def1ned mode between 11 end 14 mole~ FeS (Fig. 

5.1 e), e mean of 12.11 ! 0.79 mole ~ FeS. The FeS content of sphelerite 

fnd1cote e pressure of metomorphism of 7.53 kbor, descri bed by the equotion 

P = 42.30 - 32.1 O log mole ~ FeS 

using the spholer1 te geoborometer (Hutchtson ond Scott, 1980). This 

pressure ts epproxtmetely 2 - 3.77 kber too h1gh in comparison with the 

pressures suggested by the s111cote systems in the Mottob1 ores (Fronklin 

et el. 1977) that f ndtcete a pressure of < 4 kbar. 
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Northwestern Ontario. The arrows point to highest mean value of 
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A possible explcnat1on 1s that sphclerite-pyr1te-pyrrhotite equilibrated ot 

peok pressure, whereos silicote ossembloges indicote conditions of peak 

temperoture 1 n the P-T-t ht story of metomorphi sm of the deposit (Fig. 5.2). 

T-mox ond sulfur octtvtty both tncreosed resulting tn a reduced aFeS· The 

decreese 1n aFeS w1th tncrecstng temperoture conspired to minimize the 

FeS content of sphclerite. Retrograde alteration variably affected the 

sphelertte composition producing some scatter in data, as well , as 

evidenced by variable occurrence of late-stage monoclinic pyrrhotite (Fig. 

5.3, 5.4, 5.5). 

Compositions of sphalerite totally enclosed w1thin metablastic pyrites 

represent htgh P-T equtlibrio thct hcve been isolated from further reaction 

dur1ng subsequent retrogrode condHtons by the tnert encapsulating pyrite 

and may provide more reliable estimates of pressure. The histogram (Fig. 

5.1d)1nd1cetes bi model tty between 9-11 and 12-14. The latter mode shows 

e celculeted meen of 12.76 mole~ FeS with a standard deviation of 0.68. 

Thts essemblege hos a higher FeS content compared to the other 

essembleges, which, on textural grounds is judged to have been extremely 

recrysto 11 t zed. 

The htgh FeS-content is observed to be even higher than the texturally 
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Fig .s.2 A schematic P-T-t path experienced by an 
assemblage of sphalerite-pyrrhotite -pyrite 
during regional metamoi:phism. 
(After Bryndzia, 1989) 



1 0.4mm1 
Fig. 5.3 Etched pyrrhot1te from sample 49- 190 d1splay1ng 

alterat1on to secondary monoc11n1c pyrrhot1te 
Cwh1te>. 

1 0.4mm1 
fig. 5.4 An etched pyrrhotite grain from sample 3-219 

exh1btt1ng nearly complete conversion to monoc11n1 c 
pyrrhot1te Cwh1te) w1th ftnely scattered lamellae 
(dark> of remnant hexagonal pyrrhot1te. 
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1 0.4mm1 
Fig. 5.5 Etched pyrrhotlte grain from sample 49- 279 

d1sp1ay1ng unetched secondary monoc11n1c pyrrhot1te 
(white) surrounded by remnant hexagonal pyrrhot1te 
(dark). 



simllor spholerites from kuroko deposit (Kologeropoulos ond Scott, 1983), 

suggesting thot the Mottobi deposi t reflects the effects of progrode 

metomorph1sm. Hutch1son ond Scott ( 1981) hove proposed thot 

encepsulot1on of spholerite by pyrite, o relotively nonreactive phose, 

inhibits compositionol chonge during low-grode retrogrode events ond moy 

render the spholerite suitoble for estimoting progrode pressures. This 

agrees w1th the f1nd1ngs of Bryndz1a ( 1989) that bimodal sphalerite 

compos1t1 ons typi co 11 y preserved by spho I erite from reg1ono1 metamorphic 

terroins ore believed to represent pressures at both P max and T max and 

ore not ottributoble to retrogrode re-equilibrotion of spholerite. Some of 

these spho 1 er1 te groins ore indeed iron-rich, consistent with the 1 ow 

pressure of the order of 2 - 3.76 kbor, but the overall range of compositions 

ts so w1de os to render such estimotes unrelioble. 

In the spho I eri te -pyrrhot ite ossemb I oge, the spho I eri tes do not di sp I oy 

o w1de ronge 1n composition (F1g. 5.1 b), the meon being ot 11.71 mole~ FeS 

end the mode between 11-12 with o stondord deviation of 0.79. In view of 

the low FeS in spholerite, equilibrium must have occurred ot low (Fig. 5.3) 

temperoture prior to the onset of retrograde olterotion of pyrrhotites. 
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In proctice, pyrrhotites do suffer compositionol chonges on cooling (Kissin 

ond Scott, 1973). But, when afeS is buffered by divariant assemblages in 

the Fe-5 system, retrogrode vor1at1on In pyrrhot1te 1s not 1mportant 

(Scott, 1976). 

Sphelerlte In contect only with pyr1te shows a wide range of 

compos1t1ons. The h1stogram (Fig. 5.lc) is bimodal between 8-1 0 and 11 -13 

mole~ FeS. The Jetter shows a mean of 12.28 mole~ FeS and a standard 

dev1et1on of 0.32. The low FeS-content 1nd1cote that pyr1te and sphaler1te 

did not preserve their eQullibruim compositions otte1ned during 

metemorphism. lnsteed, they reedny re-equilibreted during retrogrede 

cooling, so are of little or no use as geoberometers (Berton, 1970). 

5.3 Pressure and Metamoq~h1sm 

A lerge number of mess1ve sulfide depos1ts occur In volcen1c end 

sedimentary rocks that have been involved ln en orogeny. The Mettab1 

deposit In particular, Is probebly essoc1ated w1 th Kenoren orogeny (Frankl In 

et al.1977). Texturol studies indicate that reg1onal metemorph1sm end 

deformation ere well imprinted on the pyritic, spheler1t1c end pyrrhot1t1c 

ores of Mattobi , suggestlng thet metemorphism wes probably releted to 
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orogenic disturbance. Fig. 5.6 shows thot T max 1s 505°C ff the Pi. 3.77 

kbar because of the aluminosilicate triple point and the kyanite stability 

field shown by the shaded area. However, P could have been higher, but T 

would less than 505° c 1f there 1s a shift Into the andalus1te field on 

reaching T max (as shown by trend of arrow). The lower temperature limit 

1s demonstrated by the garnet isograd. The pressure could be in error es 

11ttle as 2 kbar depending on where the arrow starts. Chloritoid is assumed 

stable In the entire region of concern. 

The FeS content of spheler1te in the spheterite-pyrite-pyrrhotite 

essembtege had e meen of 12.11 mole % FeS, reflecting effects of 

retrograde metemorph1 sm. Any retrograde temperature-pressure path for an 

or1ginel @QUiHbrium three-phase essembtege, will result in re-equilibration 

toward higher FeS content et temperetures ebove 300°C (Fig. 5.2). Below 

300°C, the sphalerite-pyrite-pyrrhotite isobars all swing to very low FeS 

content (Scott and Kissi n, 1973), suggesting that if re-equil i brot ion occurs 

at these temperatures, the resulting FeS-content will be low, 1f equilibrium 

is maintained. The final result is then a complex function of the P-T 

conditions of peak metamorphlsm, the degree of re-equilibration during the 

retrograde event, the fl no 1 P-T conditions where re-equfl i brat ion stops and 
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the f i nal FeS-content i s frozen into spholerite. 

W1th the temperoture of spholerite equllibrotion indicoted by the 

metomorphic grode of the rocks ossocioted with t he ores ond FeS-content of 

sphclerite known, t he equation from Hutchi son ond Scott ( 1960) allowed the 

est1motion of pressures existing ot the t1me of spholerite equil i brot1on. 

A clue as to the metamorphic pressures i s provi ded by aluminium 

silicate polymorphs reported by Franklin et al.( 1977), os opposed to the 

pressures determined by the sphalerite geobarometry. The highest grade of 

metamorphism attained by the country rocks surrounding these ores 

correspond to the chloritoid-kyonite-ondolusite subfoci es of the 

amphibolite f acies. The mox1mum temperature of formation of the ores, the 

aluminosilicote triple poi nt (505°C) ogrees with the hi ghest t emperature 

genero 11 y occepted for the kyonite-cndo 1usite-ch1 ori toi d subf cci es. 

However, o rother low geothermal gradient of 22°C/km hos been estimated 

from the pressure determined by the spholerite geoborometry. 



CHAPTER VI 

Comparative study,, Summ8ry, Conclusions and 
Recommendnt ions 

A preliminary study of ore mineralization of Mattabi deposit south of 

Sturgeon Loke orea has been reported by Frankli n et al. ( 1977), and the 

cherocteristics of the Mattabi Mine have been described by Franklln et al. 

( 1975). Mineralogical data from Mattabi indicate that pyrite, sphalerite, 

galena, cholcopyrite end arsenopyrite account for more than 95~ of the 

sulf1de m1nerols. Tetrohedrite, freibergite, boulangerite and freieslebenite 

are common minor sulfosalt minerals. The Mattabi deposit has two stacked 

ore lenses, each of which has a central , transgressive 

pyrite-galena-sphalerite zone accompanied by tetrahedrite and 

orsenopyrite. The zinc ore is well banded and contains colloform textured 

pyr1 te. It eppeers that et Met tebi , pr1 mary textures were destroyed by the 

later growth of the lower copper-rich zone, 1nd1cetive of the post 

depos1t1onel e1teret1on of the sulfide mess. 
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6.1 .c.mnoor1son to reloted Conodion ore deposlts 

The Noranda type deposits are Archean and are termed primHive 

(Hutchinson, 1980), since these deposits are hosted by fully differentiated 

suites, bosoltic to rhyolitic lovos ond pyroclostics. Hutchinson ( 1973) 

noted thot the relotionship between frequency of occurrence of massive 

sulfide deposits 1n Conodo ond oge is very 1rregulor. He rel oted this 

1rregulor1ty to vor1ot1ons 1n frequency of major orogenic acti vity. The 

chorecter1st1cs of the Mottobi M1ne ore different from those of Norenda end 

Mottogom1oreos1n thot it is relotively rich in leod. The Ordovicion Bothurst 

d1str1ct of New Brunswick w1th 109.2 metric tons of ore (Fronklin end 

Morton, 1987) d1ffer from Matteb11n conta1ning nat1ve 81. No bismuth 

m1nerols hove been recorded at Mattab1. 

The d1stribution of Ag end Au in most Precombrien massive sulfide 

depos1ts is poorly understood. The Archeon Mottobi deposit with higher Ag 

content ( 19 wt ~)hove relot1vely high lead contents (0.77-1 .00~ Pb), but 

s11ver does not correlote specif1colly wHh lead, 1n contrast to Phanerozoic 

deposits (Fronk11n end Morton, 1987). For exomple, in the relotively 

1eod-r1ch Mottob1 deposit, s11ver occurs primorily in orgention tetrahedrite 

or freiberg1te in the upper port1on of the mossive ore. The Winston Loke 
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deposit, 32 km north of Schreiber, Ontar1o, averages 0.880z/ton Ag, 0.03% 

Au. 1 ~ Cu end 16~ Zn. The Mobren deposit, 30 km north of Rouyn-Norondo, 

Quebec, everages 43.Sg/ton Ag, 1.71 g/ ton Au, 0.71 % Cu and 5.84% Zn in 6 

million tons of ore. L1ke Mottob1, the Proterozoic Snow Lake deposits in 

northern Mon1tobo are relatively lead-rich, but the Mandy deposit, although 

def1cient in lecd, hes en exceptiono1ly high bose metol content ( 9% Zn, 7.3:g 

Cu). The Cu/Zn retio ls 10: t cs compcred to 6: 1 of Mcttcbi deposit (Frcnklin 

end Morton, 1987). 

Wherees the Mottob1 deposit hos been found to be deficient in gold 

content, the Mobrun, Horne, Quemont, Pick Lake, Winston Lake and Mandy 

deposits bear 5.5g/metr1c ton of gold, almost ten times the normal Au 

content of mossive sulfide deposits. 

The low gold content, h1gh lead-content, diYersity of sulfosalt species 

end ebundence of Ag in orgention tetrohedrite or freibergite ore features 

more s1mfler to those of kuroko-type deposits of the Phonerozoic then to 

Norendo or prim1t1ve-type mcss1ve sulfide deposits chcrocteristic of the 

Archecn (Hutchinson, 1960). The Archecn Mcttcbi beers superficicl 

resemblonce to the Phanerozoic kuroko deposits (Hutchinson, 1980) in being 

strata-bound, strat1form bod1es that occur in probable island arc suites and 

elso show s1m1ler1ty in mineral zonotion. The kuroko mineralogy consists of 



pyrite, pyrrhotite,spholerite, goleno, cholcopyrite, tetrohedrite group, 

Quartz and ber1te as gangue. AlteraUon pipes are not vertically extensive, 

although they are m1neralog1cally well -def ined. The zonat1on is 

chorocterized by sericite- quortz core surrounded by o mognesium- enriched 

chlorite holo. Hong1ng woll olterotion zones, defined primorily on 

minerologicol bcsis, ore only evident in kuroko deposits. In cases where 

overly1ng deposits do not ex1st, the hanging wall alteration is more subtle, 

w1th little chem1col cheinge ond 1s thus more difficult to detect. Uke 

Mott obi, stud1 es of· the b 1 ock ores 1 n kuroko deposits of Jcpon suggest thot 

As-r1 ch tetrohedr1 te crysto 111 zed ecrli er from the ascending hydrothermal 

solutions end hence 1s concentrated tn the lower ore zones, whereas the 

argent 1 an tetrahedr1 te 1 s concentrated in the upper ore zone (Ohmoto et 

ol.1964). 

Similority of metomorphic feotures ond minerols of the kuroko ond 

Mottob1 depos1ts suggests o similority in metomorphism. The morked 

d1fference 1n m1nerology 1s thot kuroko contains o high concentration of 

bor1te, gypsum end onhydr1te (Seto, 197 4). Iron f ormotions ore associated 

w1th both deposits. The ossoc1otion however, i s not ubiquitous, ond its 

genetic relot1onsh1p to volceinogen1c massive sulfide deposits may be 

somewhat incidental (Franklin et al.198 1). The siliceous ores of kuroko 
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depos1ts occur 1n 1ntensely altered rocks. A brood range of microscopic ore 

textures ore preserved in oddi ti on to the megescopi c ones. Co 11 of orm ond 

eer1 1er frambo1dal textures 1n pyrite ore very common in block ores, 

whereas the yellow and siliceous ores commonly contain submicroscopic, 

euhedral to subhedral pyrite aggregates (Watanabe, 197 4). The euhedral 

noture of some of the pyrite mey i ndi cote th et some ports of the kuroko 

deposit moy be recrystollized in spite of every low regionol metomorphic 

grode. Borton ( 1978) noted thot much of the spholerite suffers from 

cholcopyr1te d1seose. He suggested thot the sulfide moss underwent 

cons1derob1e repeated recrysta111zot1on on the seo floor ond thot after 

initiol sulflde depos1tion 1 the ore underwent diogenetic recrystollizotion 

ond reection with 1ntrostrota1 fluid, which chonged the ore composition. 

6.2 Summary 

The ore m1nerology of Mottebi Mine 1s typicel of messive ond minor 

vein occurrences of combined bose metal ond precious metol ores. The 

minerology ts vor1ed ond complex. Among the voried species 1 1s orgention 

tetrohedr1te with elementol vor1ot1ons chorocter1zed by substitution 

bet ween s11 ver end copper, ant1 mony and arsen1 c, es we 11 as s11 ver and 

ersBni c. Reeent stud1 es have shown that sub st 1tut1 ons 1 n tetrahedri te 



Involving orsenic-ontimony, iron-z1nc ond copper- i ron moy be considered 

Ideal (Sack and Loucks, 1985) but that between copper-silver is non-ideal 

(Johnson et el.1987). Contents of the minor elements arsenic, antimony and 

tin in the deposit ore considered normol, ond unusuol sulfide minerals, e.g 

veen1te ond freieslebenite, hove been identified. 

The presence of silver-beari ng minerals, such as freibergite, 

stephenlte, pyrorgyr1te ond freieslebenite, demonstrate the orgentiferous 

cherecter of the Mettob1 ores. The generally 1nt1mate association of these 

minerol phoses with goleno is intriguing. This probobly suggests thot leod, 

ant1mony and s11ver i n particular, may have been partially remobilized 

dur1ng a post depos1tlona1 ep1sode of metamorphism or deformation. The 

extent to wh1 ch such remob1112at 1 on takes p 1 ace during metamorphism is not 

documented. However, 1n o detoiled mineralogical investigation of the Izak 

Loke mossive sulfide deposit, Northwest Territories, leod, silver, antimony, 

end copper were found to be dispersed into the footwoll ond honging woll 

rocks for os much es 3 metres from the mossive ore opporently during 

reg1onol metamorphism (Horri s et al.1984). 

Textural studies of the ores, ond the suggested correlation with regional 

deformet1ono1 events, 1ndicote thot the minerallzation et Mottobi may have 

resulted from a comple><, mult1stage process of deposition, diagenesis and 
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reg;onal metamorphism. During the subsequent ep1sodes of regional 

metomorph1sm1 the orebodies were deformed ond recrystallized. The last 

m1nera11z1ng stage was probably the development of the vug associations. 

Sphal er1 te-pyr1te 1 sphaleri te-pyrrhot 1 te, sphaleri te-pyr1 te-pyrrhot ite, 

spholer1te enclosed 1n pyr1te, ore the four sulfide ossembloges thot were 

1nvest1gated for FeS content 1n sphalerite. Sphalerite 1n the 

spholerlte-pyrHe-pyrrhotHe ossembloge presumably achieved o mean of 

12.11 mol ~ FeS content at mox1mum pressure cons1derobly before peak 

temperature of metamorphism. A possible explanation would be thot T-mox 

and sulfur act1v1ty both 1ncreosed resulting in a reduced 8FeS· The 

decreose 1 n aF es w1 th 1 ncreos1 ng temperoture mini mi zed the F es-content 

of spholer1te. The low FeS-content of sphalerite could further be 

ettr1buted to retrogrede alteration, whtch affected the sphalerite 

compost t ton, os evt denced by vori ob 1 e occurrence of 1 ate-stage monoc 1 i ni c 

pyrrhot1te. Overall, hexogonel pyrrhotite is the dominant iron monosulfide 

po 1 ymorph 1 n the spho 1 er1 te-pyrf te-pyrrhot He assemb 1 oge. The presence of 

hexogonol pyrrhotite only in many of these samples suggests that 

equllibrotion was obove the pyrrhotlte inversion temperature (Scott end 

Bornes 1 1971 ; Scott, 1973). 



6.3 Concl usions 

The research project has resulted in the following conclusions: 

I) M1nerel zon1ng 1n the orebody ts pronounced. Sphalerite, tetrahedrite, 

gelene end sulfosolts ell occur in the upper portion of the orebody, whereas 

pyrrhotite end chalcopyrite are concentrated in the lower portion. The oxide 

mlnerels except for jecobs1te, occur in the ore zone as well as in the 

foot well elteret1on zone. 

2) Most of the silver 1n the depostt is present in orgention tetrohedrite or 

fre1berg1te ond overoges 19 wt ~ . The rest of s11ver is present in 

stephonite, pyrargyrite and frei es 1 ebenite. 

3) The colculeted formulae based on 13 sulfur atoms 1n tetrahedrite show an 

epprox1mote structural formula of the form: 

( Cu6.76 AQ3,34) 10.1 o ( Fe 1.60 Zno.62)2.22 (Sb3.75Aso.2a>4.03 5 13 

4) When 3 or more silver otoms ore present, the number of valence electrons 

lncreeses from 204 to 208 os silver otoms increose from 3 to 6. The 

presence of (Fe+Zn) in excess of two etoms per unit formula appears to 

stl!lb111ze the 52nd Br111ou1n zone w1th >208 valence electrons per unH cell. 

5) The pressure or metamorph1sm 1s 7.53 kbars from the sphalerite 

geobarometry. Th1s pressure Is approximately 2 to 3.77 kbar too high 1n 

comparison io the pressures suggested by the si1icote systems. 



6) The low gold content, high leod content, diversity of sulfosolt species 

and ebundonce of Ag in tetrehedrite are feotures more similar to those of 

kuroko-type deposits of the Phanerozoic thon to Nonrnde or primitive-type 

massive sulfide deposits cherocteristic of Archean. 

6.4 Recommendations 

A few recommendotions ore presented for further reseorch on the 

deposit. 

1) Why end how high- temperature ( >215° C) galena solid solutions of 

different silver end antimony contents exsolve or become intergrown with a 

ver1ety of observed silver, antimony and lead sulfosalts in the (Pb-Ag-Sb-S) 

system. 

2) Add1t i one 1 deta11 ed stud1 es should be conducted to corre 1 ate specific 

mineralizing events and mineral compositions. 

3) Sulfur isotopic studies end geothermometry may be needed to provide 

odd1tiono1 evidence of the processes leading to mineralization. 
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APPENDIX I 

TETRAHEDRITE ANALYSES 

Values are quoted in number of atoms (atomic proportions) relative to 29 

atoms. 
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Elements Cu Ag Fe Zn Sb As s To t al Pt. Count 
Wt % 24.95 17.73 5 .60 1.20 26. 71 0 . 66 23 .16 1 00.01 , 

25.4, 18 .04 5.49 1. 1 4 26. 71 - 23.67 1 00.46 2 
24.84 18.40 5 .80 1.06 26.19 - 23.22 99.50 3 
24.95 17 . 78 5 .66 0 .92 26 . 17 - 23.33 98.8, 4 
24 .29 17 .00 6 . 14 1.06 26 .32 1.07 22.79 98 .67 5 

At. Prop. 7.00 2.93 1.79 0 .33 3 .9 1 0 . 1 6 12.88 29.00 
7.07 2 .96 1. 74 0 .31 3 .88 - 13 .05 29 .01 
6.99 3 . 05 1.86 0.29 3 .85 - 12.96 29 .00 GRAIN 
7 .05 2 .96 1.83 0 .25 3.86 - 13.06 29 .01 1 
6.90 2.84 1.98 0 .29 3 .89 0 .26 12 .83 28 .99 

Elements Cu AQ Fe Zn Sb As s To t al Pt. Count 
Wt % 24.82 18 .15 5 .68 1.00 26 .08 0. 91 23 .63 1 00.28 1 

24 .78 17 .61 5 .63 1.43 27 .04 0 .46 23.81 100.76 2 
24. 71 17 .85 5 .73 1.42 25 .93 0.94 23.07 99 .66 3 
23.95 18.01 5 .72 1.27 26. 57 - 23 .05 98.58 4 
25.52 17.40 5 .32 1.02 25 .66 0.89 23.09 98 .89 5 

At. Prop. 6.91 2.97 1 . 79 0 .27 3 .79 0.21 13 .04 28 .98 
6.89 2 .87 1.77 0 .38 3 . 91 0 .10 13.08 29.00 
6.94 2.95 1 .83 0 .39 3.80 0.22 12.85 28 .98 GRAIN 
6 .82 3 .02 1.85 0 .35 3 .95 - 13.01 29.00 2 
7 .20 2.89 1 . 71 0 .28 3 .78 0 .20 12 .93 28 .99 

Elements Cu AQ Fe Zn Sb As s To t al Pt. Count 
Wt % 25. 75 17.39 5.60 1 .42 26.1 9 - 23 .78 100. 13 1 

25.03 18.65 5 .84 0 .72 26. 76 - 23 .67 100. 67 2 
24.92 17.96 5.81 0 .89 27.41 0 . 45 23 .29 100. 72 3 
24 .92 17.57 5 .62 1.23 26.85 - 23.37 99.57 4 
25.37 17 .42 5 .71 0.78 25.66 - 23.64 98.59 5 

At. Prop. 7 . 14 2 .84 1.77 0.38 3 . 79 - 13.07 28 .99 
6.96 3 .05 1.85 0.19 3 .88 - 13.05 28 .98 
6.96 2.95 1.84 0.24 4 .00 0 . 11 12 .89 28 .99 GRAIN 
7.00 2 .91 1 .80 0 .34 3 .94 - 13 .02 29.01 3 
7 .13 2 .88 1.83 0.21 3.76 - 13 .18 28.99 

Elements Cu Aa Fe Zn Sb As s Total Pt. Count 
Wt% 23.28 18.57 5.58 1.4 7 27.19 - 22.61 98.70 1 

24.46 18.20 5 .67 0 .97 26.86 - 22.93 99 .09 2 
24.42 18 .61 5 .57 1.1 0 26.64 - 22.57 98 .90 3 
24.30 18 .46 5 .77 1 .25 26.47 0.60 22.65 99.50 4 
24 .37 18.57 6.01 1 .38 26. 72 0 .61 22 .39 100.05 5 

At. Prop. 6.68 3.14 1.82 0 .41 4 . 08 - 12 .87 29.00 
6.95 3 . 05 1.83 0 .27 3 . 98 - 12.92 29.00 
6 .98 3. 13 1.81 0 .30 3 .97 - 12 .80 28.99 GRAIN 
6.90 3.09 1.86 0 .34 3 .92 0 .14 12. 74 28.99 4 
6.91 3 .10 1.94 0 .38 3 .95 0 .15 12.58 29.01 
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Elements Cu Ag Fe Zn Sb As s Tota l Pt. Count 
Wt % 24 .43 18.73 5 .96 0 .7 1 26. 76 - 22.82 99.41 1 

24.42 18.96 5 .65 1. 02 27.38 0. 46 22. 75 100.65 2 
24.43 18.69 5 .38 0.92 27.02 - 22.37 98 .82 3 
24 .82 18.40 5 .49 0 .85 26. 71 - 22.44 98.72 4 
24.42 18.49 5 .72 1 .03 26. 93 0.58 23.05 100.22 5 

At. Prop. 6.94 3 .13 1.93 0 .20 3 . 96 - 12 .84 29 .00 
6.89 3 . 15 1 .81 0 .28 4 .03 0 . 11 12. 72 28.99 
7.02 3 .16 1 . 75 0.26 4 . 05 - 12. 74 28 .98 GRAIN 
7 . 12 3 . 11 1. 79 0 .24 4 . 00 - 12 . 75 29 .01 5 
6 .87 3 . 07 1.83 0 .28 3 . 96 0.1 4 12.86 29 .0 1 

Elements Cu Aa Fe Zn Sb As s To t a l Pt . Count 
Wt % 24.61 18 .22 6 .1 7 1. 79 26.40 - 22 .16 99.35 1 

24.35 19 .02 5 . 71 1.16 27 .40 - 22. 67 1 00 .32 2 
2 4 .70 19 .18 5 .76 1. 14 26 .60 - 22.95 1 00.32 3 
2 4 .00 19 . 73 5.68 1.20 27 .25 - 22.90 100.76 4 
24.85 18 .28 6.19 1.03 27. 01 - 23.01 1 00. 36 5 

At. Prop. 7 .01 3 .06 2 .00 0. 5 0 3 .93 - 12 .51 29 .01 
6 . 90 3 .17 1.84 0 .32 4 .05 - 12. 72 29 .00 
6.96 3 .18 1.82 0 .31 3 . 91 - 12 .81 28 .99 GRAIN 
6 . 77 3 .28 1.82 0 .33 4 .01 - 12 .80 29 .01 6 
6 . 97 3 .02 1.98 0 .28 3 . 96 - 12.79 29 .00 

Elements ~ Cu AQ Fe Zn Sb As s Total Pt. Count 
Wt% 24 .77 18 .49 5 . 79 0 .87 27.36 - 23.38 100. 66 1 

24.94 18 .68 5 .99 1.07 26.45 - 22 .76 99.90 2 
24.75 19 .12 5 .74 0 .92 26.80 - 23 .54 1 00. 87 3 
24 .02 18 .37 5 .52 1.4 5 26.73 - 22 .69 98.78 4 
23 .06 21 .37 5 .67 0 .72 26.31 - 22.49 99.63 5 

At. Prop. 6 .92 3 . 05 1 .84 0 .24 3 .99 - 12.94 28.98 
7.04 3 . 11 1 .92 0 .29 3 .90 - 12. 7 4 29.00 
6 .89 3 .14 1 .82 0 .2 5 3 .89 - 13 .00 28.99 GRAIN 
6. 8 6 3 .09 1. 79 0 .4 0 3 .9 8 - 12.86 28 .98 7 
6 . 61 3 .61 1.85 0 .20 3 . 94 - 12. 79 29.00 

Elements Cu Ag Fe Zn Sb As s Total Pt. Count 
Wt % 23.79 19 .10 5 .63 1.12 26. 76 0 .81 23.53 100. 75 1 

24.26 18 .60 5 .90 1.08 26.31 - 22.7 1 98.87 2 
23.86 18.8 1 5 .93 0 .96 27. 24 0 .60 22.89 100.28 3 
23.09 18 .24 5 .8 4 0 .97 2 7.40 0 . 71 22.83 99.08 4 
23.59 19 .07 5 .93 0 .69 26. 12 0 .97 22.65 99.02 5 

At. Prop. 6 .6 4 3 . 14 1.79 0 .30 3 .90 0 .19 13 .03 28 .99 
6 .92 3 . 12 1. 91 0.29 3 . 91 - 12 .8 4 28 .99 
6. 74 3 .13 1 .90 0 .26 4 . 01 0 . 14 12 .8 1 28.99 GRAIN 
6.59 3 . 07 1.89 0 .27 4 .08 0 . 17 12.93 29 .00 8 
6 .73 3 .2 1 1.92 0 .1 9 3 .89 0 .23 12 .82 28 .99 



Elements Cu Ag Fe Zn Sb As s To t a l Pt. Count 
Wt % 16.49 27.62 5 .50 1.52 24.93 0.54 22.14 98 .74 1 

15.79 28.85 5 .81 2 .04 25.32 - 21.62 99.43 2 
18.30 27.05 5 .49 1. 78 25.66 - 21.65 99.93 3 
19.33 22.91 8 .52 1. 78 25. 13 - 23.27 100. 95 4 
19.86 23.35 6.81 1. 74 25. 99 - 22.14 99.89 5 

At. Prop. 4 .89 4 .82 1.85 0 .44 3 .86 0.14 13.01 29 .01 
4.70 5.06 1.97 0.59 3 . 93 - 12. 75 29 .00 
5 .37 4 .69 1.84 0.51 3 . 94 - 12.63 28.98 GRA IN 
5.42 3 .78 2.72 0 .48 3 . 68 - 12.93 29 .01 9 
5 .73 3 .97 2.23 0.49 3 .9 1 - 12.66 28 .99 

Elements Cu Ag Fe Zn Sb As s Tota l Pt . Count 
Wt % 23.37 20 .55 5.58 1.82 25.67 - 22.97 99 .97 1 

23.58 20 .53 5 .89 2 .47 24.64 - 22.80 99.92 2 
23.96 19 .56 5 .36 1.90 25.00 - 23.08 98.87 3 
24.67 18.94 5 .14 1.36 26. 17 - 24.47 100.76 4 
24.65 18.08 5 .22 1.95 25.48 0.69 22 .96 99.03 5 

At. Prop. 6 .61 3 .42 1.79 0 .50 3. 79 - 12.88 28 .99 
6.65 3 .41 1.89 0 .68 3 .63 - 12 .75 29.01 
6 .80 3 . 27 1.73 0 .52 3 .70 - 12.98 29 .00 GRAIN 
6 .82 3 .08 1.61 0 .36 3 .77 - 13.36 29 .00 1 0 
6.97 3 . 01 1.68 0.54 3 . 76 0 .16 12.87 28 .99 

Elemen t s Cu ACI Fe Zn Sb As s Tot a l Pt. Count 
Wt % 26.84 15 .33 5 .38 1.21 27.26 - 24.09 100. 11 1 

27.09 14 .81 5 .59 2 .2 1 26.59 - 23 .92 100.20 2 
26.86 15.28 5 .23 2 .20 27.04 - 24.13 100. 73 3 
26. 8 7 14 .98 5 .43 1 .80 26.63 0 . 59 23 .88 100.19 4 
26.87 15 .04 5.45 1.65 27.33 - 24 .07 1 00.42 5 

At. Prop. 7 . 40 2 .49 1.69 0 .32 3 .92 - 13 .17 28.99 
7 .44 2 .39 1.74 0 .59 3 .81 - 13 .02 28 .99 
7 .36 2 .46 1.63 0 .58 3 .86 - 13. 10 28.99 GRAIN 
7 .41 2.43 1. 70 0.48 3 .83 0.14 13.03 29 .01 1 1 
7 .39 2.44 1 . 71 0 .44 3 .88 - 13 .13 28 .99 

Elements Cu Ag Fe Zn Sb As s Tota l Pt. Count 
Wt % 27.14 15.38 5.40 1.62 26.79 0.42 24.11 100.87 1 

26.74 14 .39 5 .1 8 1.75 26.55 0 .69 23 .91 99.21 2 
27.02 14 .55 4 .78 1. 69 27.24 0.74 24.28 100 .29 3 
27.60 14.70 5 .28 1 .28 26. 8 1 0 . 78 24 .05 100 .50 4 
26.21 14.89 5.40 1 .49 26. 42 0 . 50 25 .24 100.1 5 5 

At. Prop . 7 .42 2. 47 1 .67 0 .4 7 3 .82 0.09 13 .07 29 .01 
7.41 2.35 1.63 0.48 3 .84 0.16 13.13 29 .00 
7 .29 2 .31 1.47 0.44 4 .33 0.17 12.99 29 .00 GRAIN 
7.56 2 .37 1.65 0.34 3 .8 3 0 . 18 13 .06 28 .99 1 2 
7.12 2 .38 1.67 0 .39 3 . 74 0 . 11 13.58 28 .99 



Elements Cu Aa Fe Zn Sb As s Total Pt. Count 
Wt % 15 .4 7 31 .22 6 .32 0 .81 24.68 0 . 50 21 .62 100.62 1 

14.98 31 .51 5 .69 0 .85 25.42 - 21 .56 100.00 2 
15.64 31 .32 6 .1 3 0 .82 24.93 - 21 .63 100.47 3 
15.24 31 .30 5 .86 1.28 24. 75 - 21 .82 100.25 4 
16.58 28 .07 7 .42 0.72 23.76 - 22 .85 99.40 5 

At. Prop. 4 .58 5 .44 2 .1 3 0 .23 3 .81 0.12 12.68 28.98 
4 . 49 5.56 1.94 0 .25 3 .97 - 12.80 29.01 
4 . 64 5.47 2.07 0 .24 3 .86 - 12. 72 29.00 GRAIN 
4 . 52 5 .46 1.98 0.37 3 .83 - 12.83 28.99 1 3 
4 .81 4.80 2.45 0 .20 3.60 - 13.14 29.00 

Elements Cu Aa Fe Zn Sb As s Total Pt. Count 
Wt % 25.48 16.36 4.92 2 .51 25. 72 0 .53 23.58 99.10 1 

26.36 16 .26 4 .92 2 .75 26.1 9 0.97 23 .40 100.86 2 
25 .77 16. 71 4 .65 2 . 73 26.1 4 1.07 24 .01 1 01 . 08 3 
25 .94 15.84 5 .04 2 .02 25.42 0.99 23 .58 98.83 4 
26.11 16 .1 8 4 .70 2.70 25.92 0.93 23 .48 100.02 5 

At. Prop. 7 .1 2 2 .69 1.56 0.68 3 .75 0 .1 2 13 .06 28.98 
7.27 2 .64 1.54 0 .74 3. 77 0.23 12 .80 28.99 
7.07 2 .70 1.45 0.72 3.74 0.25 13 .06 28.99 GRAIN 
7 .25 2 . 60 1.60 0.55 3.70 0.24 13 .06 29.00 1 4 
7.24 2 .65 1.48 0.73 3 .76 0.22 12.92 29.00 

Elements Cu Ag Fe Zn Sb As s To t al Pt. Count 
Wt% 26.86 17.02 4 .69 2 .21 24.33 2.26 23.91 101. 27 1 

27 .17 16 . 15 5 .12 2 .18 24.86 1.21 24.12 100 .80 2 
27.17 15 .19 4 .62 2 .1 8 23.28 2 .56 23 .65 98.65 3 
25.54 17 . 1 7 4 .67 2 .38 26.39 0.91 22 .68 99.74 4 
25.93 16 .25 4 .70 2 .84 25.58 1. 74 23 .57 100.61 5 

At. Prop. 7 .32 2 . 73 1.45 0 .59 3 .46 0 .52 12.92 28 .99 
7 .40 2 .59 1.59 0 .58 3.53 0 . 28 13.03 29 .00 
7 . 52 2.48 1.46 0 .5 8 3 .37 0 . 60 12.98 28 .99 GRAIN 
7 .21 2 .85 1.50 0 .65 3 .89 0 .22 12.68 29.00 1 5 
7 .1 5 2 .64 1.47 0.76 3 .68 0.41 12.88 28.99 

Elements Cu Ag Fe Zn Sb As s Total Pt. Count 
Wt % 26.45 16 .35 4 .59 2 .41 25.79 1. 1 4 23 .70 100.42 1 

26.68 16.38 4 .88 2 .55 24.90 1.36 22.93 99 .68 2 
26.83 16 .05 4 .95 2 .1 0 25.20 1. 48 23 .95 100. 55 3 
26.21 17 .31 4 .65 2 .1 0 25.78 1.45 23.97 101.46 4 
27 .03 16.81 4 .88 2 .29 25.67 1.15 23.94 101.76 5 

At. Prop. 7.30 2 . 66 1.44 0 .64 3 . 72 0.27 12.97 29.00 
7 .44 2 . 69 1.55 0.69 3 . 62 0.32 12.68 28.99 
7 .35 2.59 1.54 0 .56 3.60 0 .34 13 .01 28 .99 GRAIN 
7 .1 8 2. 79 1.45 0 .56 3 .68 0 .33 13.00 28.99 1 6 
7 .36 2 .70 1.51 0.60 3 .65 0.26 12.92 29.00 



Elements Cu AQ Fe Zn Sb As s Tot a l Pt. Count 
Wt % 26.25 16 .35 4.60 2 .72 25.1 9 1.94 22.72 99.78 1 

26.05 16 .36 4 .78 2 .59 24.90 1.25 23.54 99.47 2 
26.06 15.90 5 .07 2 .33 25.00 1.62 22.60 98.59 3 
26.59 16 .03 5. 11 2 .73 25.07 1.60 23.47 1 00.59 4 
25.88 16 .19 4.55 2 .85 25.70 1.33 22 .93 99 .41 5 

At. Prop. 7.35 2 . 69 1.46 0.74 3 .68 0.46 12.61 28.99 
7 .24 2 . 68 1. 51 0.70 3 .61 0.29 12.97 29.00 
7.36 2.65 1.63 0 .64 3 .67 0.39 12.65 28 .99 GRAIN 
7.31 2 . 60 1.60 0 .73 3 .60 0.37 12. 79 29 .00 1 7 
7.26 2.67 1.45 0.78 3.76 0 .32 12.75 28.99 

Element s Cu Ao Fe Zn S b A s s To t a l Pt. Count 
Wt % 25 .91 16. 11 5.09 3 .1 2 24.79 2 .43 24 .06 101.49 1 

26.99 15.75 4.91 3 .26 2 4. 70 2.51 23.61 101.73 2 
26.24 16.22 5 .20 2.92 25.17 1.66 23.85 1 01 .26 3 
26.07 15 .95 5.02 2.49 24.86 2.39 23.13 99.91 4 
25.76 17 .48 4 .98 2 .31 27.04 . 2 4 .29 101.86 5 

At. Prop. 7 . 03 2.57 1.57 0 .82 3.51 0 . 56 12.93 28 .99 
7 .33 2 .52 1 .52 0 .86 3.50 0.58 12.70 29.01 
7.15 2 .60 1.61 0 .77 3 .58 0 .38 12 .89 28 .98 GRA IN 
7.24 2 .61 1.58 0.67 3.60 0.55 12.73 28 .98 1 8 
7.03 2 .81 1.55 0 .61 3 .85 . 13.14 28 .99 

Elemen t s Cu Aq Fe Zn Sb As s Tota l Pt. Count 
Wt % 26 .99 16.31 5 .16 2 .32 25.31 0.92 23.92 100. 93 1 

27 .57 15.43 4 .78 2 .42 23.44 2 . 53 23 .91 100.07 2 
27 .1 2 15.26 4.90 2 .49 23. 04 3.03 23.88 99 .73 3 
26 .83 16.01 4 .75 2 .34 24. 16 2.94 23 .56 100.58 4 
26 .21 15. 98 4 .50 2 .61 24. 64 1.35 23 .08 98.37 5 

At. Prop. 7.38 2 . 63 1.60 0 .61 3.61 0.21 12.96 29.00 
7 .53 2 .48 1.48 0.64 3 .34 0 . 58 12.94 28 .99 
7.42 2.46 1.52 0 .66 3.29 0 . 70 12.95 29.00 GRAIN 
7 .36 2 .59 1.4 7 0 .62 3 .46 0 . 68 12. 8 1 28.99 1 9 
7 .37 2 .65 1.44 0 . 71 3 .62 0 .32 12.88 28.99 

Elements Cu Ag Fe Zn Sb As s Total Pt. Count 
Wt% 26.72 15.88 4 .77 2 .82 23.82 1. 1 6 23 .49 98 .66 1 

28.00 15.67 4.48 2 .60 22.67 3 .05 23 .94 100.40 2 
27.46 15 .23 4 .76 2 .73 23.39 3 .60 23.94 101.11 3 
27 .25 15.37 4 .54 2 .30 23.85 3 .06 24.06 100.44 4 
26 .81 15.42 5 . 13 2.04 23.10 1.99 23. 70 98.21 5 

At. Prop. 7 .43 2 .60 1.51 0 .76 3.47 0.27 12.95 28.99 
7 .61 2 .51 1.38 0.68 3 .21 0.70 12.90 28.99 
7.43 2.42 1.46 0.72 3 .30 0 .83 12.83 28 .99 GRAIN 
7.43 2.47 1 .41 0 .61 3 .39 0 .71 12.99 29.01 2 0 
7 .44 2 . 52 1.62 0 .55 3 .35 0.47 13.05 29 .00 



Elements Cu Ag Fe Zn Sb As s Tota l Pt. Count 
Wt o/o 27 .48 15.44 4.40 2 .33 22. 71 2.88 23.86 99.10 1 

26.21 16.99 4.44 2.33 25.11 2 . 17 23.62 100.86 2 
26 .39 15.74 4.46 2 .50 23 .63 2 .00 23 .36 98 .09 3 
26 .96 15.76 4.14 2.39 24 .39 2 .45 23.93 100.02 4 
26.66 16.53 4.40 1.88 25 .21 2.31 24.21 101.20 5 

At. Prop. 7.55 2.50 1.38 0.62 3 .26 0.67 13.01 28 .99 
7 .22 2. 76 1.39 0 .62 3 .61 0.51 12.89 29 .00 
7.39 2.60 1.42 0.68 3.46 0 .47 12.98 29 .00 GRAIN 
7 .38 2 .55 1.29 0.63 3 .57 0 .57 13.02 29 .01 2 1 
7 .27 2 . 65 1.38 0.50 3 .63 0 . 53 13.03 28.99 

Elements Cu Ag Fe Zn Sb As s Total Pt. Count 
Wt % 26 .64 15.50 4.63 2.10 23.81 2.10 23.44 98.22 1 

26.73 15.93 4 .24 1.84 25.33 2.08 23.86 100.01 2 
26.98 15 .75 4 .36 2.47 25.87 1. 51 23.96 100. 60 3 
26.90 16.45 4.43 2.30 24.98 1. 55 24.1 6 100. 77 4 
26.56 15.59 4 .37 2 .46 24.91 2 .75 24 .53 101.17 5 

At. Prop. 7.45 2 .55 1.4 7 0.57 3 .47 0.49 12.99 28 .99 
7 .38 2 .59 1.33 0 .49 3 .65 0.48 13 .07 28.99 
7.40 2 .57 1.36 0 .66 3 . 66 0.35 13 .00 29 .00 GRAIN 
7 .35 2 .65 1.38 0 .61 3.56 0.36 13.10 29 .01 2 2 
7 .19 2.56 1.35 0.65 3 . 52 0.63 13 . 11 29 .01 

Elements Cu Ag Fe Zn Sb As s Total Pt. Count 
Wt % 26.35 15.55 4.13 2.63 23.99 1.94 24.21 98.80 1 

24 .21 19.80 4.23 2.48 25.25 0 .97 23.17 100.12 2 
26.22 16.46 4.28 2.57 25.69 0.66 23 .75 99.62 3 
27.38 15 . 72 4 .34 1 . 79 25.47 2.44 24 .77 101.91 4 
26.33 16 .88 4 .28 1.85 24.89 2 .35 23.78 100.35 5 

At. Prop. 7 .28 2.53 1.30 0 .71 3 . 46 0 .45 13.26 28.99 
6 .81 3.28 1 .35 0.68 3 .71 0.23 12 .93 28.99 
7 .24 2 . 69 1.37 0 .69 3.73 0 .1 6 13 .12 29.00 GRAIN 
7 .37 2 .49 1.38 0.47 3.48 0.56 13.27 29.02 23 
7 .26 2. 74 1 .37 0 .49 3 .47 0 .54 13.11 28.98 

Elements Cu Ao Fe Zn Sb As s Total Pt. Count 
Wt O/o 27 .39 14.91 4 .42 2.14 23. 11 3 .00 24 .00 98.98 1 

26 .4 1 16.28 4 .44 2.55 25.01 1.28 23 .61 99.5 7 2 
27.00 16.22 4.43 2 .16 25.01 2 .47 2 4 .43 101. 73 3 
26. 71 15.82 4 .34 2 .24 24.61 2.50 24.30 100.52 4 
26.89 16.1 6 4 .47 2 .27 24.37 2.56 24 .32 101. 05 5 

At. Prop. 7 . 53 2.41 1.38 0 .57 3 .32 0.69 13.08 28.98 
7.33 2 .66 1.40 0.67 3.62 0.30 13.01 28.99 
7.30 2 .58 1 .36 0.57 3 .53 0 .56 13 .09 28.99 GRAIN 
7 .29 2.54 1.35 0.59 3.50 0 . 58 13.14 28 .99 24 
7.31 2 . 58 1 .38 0 .60 3 .45 0 . 59 13.09 29.00 



Elements Cu Ag Fe Zn Sb As s Tota l Pt . Count 
Wt % 26 .35 15.21 4 .20 2 .70 25 .29 2.45 23 .92 100.1 1 1 

24.81 18.51 4 .39 2. 12 25.30 2 .05 23 .50 1 00.69 2 
26 .63 16.44 4 .41 2 .1 9 25. 58 1.39 23 .59 1 00.23 3 
27 .05 16 .26 4.51 2 .21 25. 95 0.96 2 4 .12 101 .07 4 
25.19 16 .03 4 .76 2 .39 25.30 2 .18 23 .51 99.36 5 

At. Prop. 7 .25 2.46 1 .31 0.72 3 . 63 0 .57 13 .04 28 .98 
6 .90 3.03 1 .39 0 .57 3 . 67 0.48 12 .95 28.99 
7 .37 2.68 1 .40 0 .59 3 . 70 0 .32 12 .97 29 .03 GRAIN 
7 .40 2 .61 1.41 0 .60 3 . 71 0 . 22 13 .06 29.01 25 
7 . 02 2 .63 1.51 0 .65 3 .68 0 . 5 1 12 .99 28.99 

Elements Cu Ag Fe Zn Sb As s Tota l Pt. Count 
Wt % 24 .31 17 .25 4 .98 2.00 27 .24 0 .85 2 4 . 15 100. 79 1 

2 1 .83 19.42 4 .47 1.88 26. 56 0 . 96 23.66 98 .80 2 
24 .84 16.16 4 .35 2 .46 24 . 72 1.83 23.85 98 .2 1 3 
24.55 16.87 4 .34 2 .1 8 25 .96 1. 78 24 .81 1 00 .49 4 
19.57 22.23 4 .1 1 2 .1 4 26.65 0 . 46 23.25 98 .41 5 

At. Prop, 6 .31 2 .64 1.47 0 .59 3.69 0 .20 12 .43 29.00 
6 .22 3 .26 1.45 0 .52 3 . 95 0 .23 13 .36 28.99 
6 .96 2.67 1.39 0 .67 3.62 0 .43 13.26 29.00 GRAIN 
6 .73 2 . 72 1.35 0 .58 3 . 71 0 .41 13 .50 29.00 26 
5 .69 3 .80 1.36 0.60 4 . 04 0. 11 13.39 28.99 

Elements Cu Ao Fe Zn Sb As s Total Pt. Count 
Wt % 26 .1 7 16.24 4.67 2. 11 24.18 2 .08 2 4 .18 99 .63 1 

23 .45 20 .01 4.38 2.42 25.28 1. 67 23.64 100.84 2 
19.80 24.34 4 .12 2.79 25.47 1. 56 22.60 100.68 3 
21 .97 21. 76 4 .19 2.40 27. 15 0 .73 23 .20 101 .40 4 
27.34 15.00 4 .53 2 .17 23.51 3 .28 24 .98 100.81 5 

At. Prop. 7 .20 2.63 1.46 0.56 3 .47 0 .48 13 .19 28.99 
6 .54 3 . 29 1.39 0 .65 3 .68 0.39 13.06 29.00 
5.69 4 . 12 1.35 0 .78 3 .82 0 .38 12.87 29.01 GRAIN 
6.21 3 . 62 1.34 0 .66 4 . 00 0 .17 12 .99 28.99 27 
7.34 2 .37 1 .38 0 .56 3 .29 0 .75 13 .29 28.98 

Elements Cu Ao Fe Zn Sb As s Total Pt. Count 
Wt % 26 .05 16 .05 4 .63 2.83 25.60 1. 1 8 24.52 100.86 1 

27.63 15 .27 4 .50 1.86 23.41 2 . 73 23.91 99.29 2 
25.86 16.31 4 .53 1.53 23. 96 2 . 76 24 .61 99 .55 3 
26.59 16.18 4 .58 2.46 25.21 1.32 24. 17 1 00.51 4 
24 .34 19.14 4 .77 2.01 24.80 1.09 23.39 99.55 5 

At. Prop. 7 .10 2 . 57 1 .43 0 .75 3 . 64 0 .27 13.2 4 29 .00 
7 .60 2. 47 1.4 0 0 .49 3.36 0.65 13.03 29 .00 
7 .09 2.63 1. 41 0 .41 3 .43 0 .64 13.38 28 .99 GRAIN 
7 .28 2.61 1.43 0 .65 3 .60 0 .30 13. 12 28.99 28 
6 .84 3 .17 1.52 0 .55 3 .63 0 .26 13.03 29.00 



Elements Cu Aa Fe Zn Sb As s Tota l Pt. Count 
Wt o/o 27 .08 14.98 4 .63 2.94 23.82 2.60 23.85 99.89 1 

18.30 26.25 3.67 2.77 26.66 . 21 .51 99.17 2 
26 .96 15.11 4.33 2.04 23.58 2.62 23.59 98.24 3 
26 .76 15.60 4 .53 2.67 23.74 2.70 23.98 99.98 4 
26 .64 15.09 4 .84 2.66 24.49 2.09 23.84 99.66 5 

At. Prop. 7 .41 2.41 1.44 0.78 3.40 0.60 12.94 28.98 
5.46 4.61 1.25 0.80 4 .15 - 12. 72 28 .99 
7 .51 2.48 1.37 0.55 3.43 0.62 13.03 28.99 GRAIN 
7 .33 2.52 1 .41 0. 71 3 .39 0.63 13.01 29.00 2 9 
7.32 2.44 1.51 0 .70 3.51 0.47 13.05 29.00 

Elements Cu Ag Fe Zn Sb A s s Total Pt. Count 
Wt o/o 24.55 19 .04 5 .1 4 1.11 25.59 - 23.40 98.82 1 

24.66 18.94 5 .1 9 1. 71 26.53 0.63 23.32 1 00.97 2 
25.04 18.01 5 .30 1 .37 26.64 - 23.13 99.49 3 
24.80 18.45 5 .21 1.56 25.89 0 .39 23.1 8 99.48 4 
24.89 18.20 5.41 1.35 26.08 - 22 .86 98 .78 5 

At. Prop. 6.95 3.17 1.65 0.30 3 .78 - 13 .1 3 28.98 
6 .88 3 . 11 1.66 0.46 3 .86 0 .15 12.89 29 .01 
7.07 2 .99 . 1.70 0 .37 3 .92 - 12.94 28.99 GRAIN 
6 . 99 3 .06 1.67 0.43 3.81 0 .09 12.95 29.00 30 
7.08 3.05 1. 75 0.36 3 .87 - 12 .88 28.99 

Elements Cu Aq Fe Zn Sb As s Tota l Pt. Count 
Wt o/o 24.50 18.38 5 .30 1.22 26.21 - 23.83 99 .44 1 

25 .31 18.52 5 .2 1 1.62 26. 54 0.48 23.43 101.10 2 
24.03 18.96 5 .56 1.09 25.91 - 23.33 98.88 3 
24 .59 19.49 5 .12 1 .41 26.33 0.63 24.03 101.61 4 
24 .28 18. 71 5 .6 9 1 .56 26.12 0 .43 22.95 99.74 5 

At. Prop. 6.87 3 .03 1 .69 0 .33 3.83 - 13.24 28 .99 
7 .03 3 .02 1.64 0.44 3 .85 0. 11 12.90 28.99 
6 .81 3.16 1. 79 0.28 3.83 - 13.1 0 28 .97 GRAIN 
6.78 3.17 1 .60 0.38 3.79 0.15 13.13 29 .00 3 1 
6 .85 3. 11 1 .83 0.43 3 .84 0.1 0 12.84 29.00 

Elements Cu Aa Fe Zn Sb As s Total Pt. Count 
Wt o/o 24 .55 17.72 5 .95 1.25 26.83 - 23.29 99.59 1 

23.75 18.40 5 .50 1.44 26.56 0. 72 23.26 99.63 2 
24.50 18.69 5 .50 1 .55 26.13 0 . 50 23.89 100. 77 3 
24.93 18.47 5 .65 0.83 26.25 - 24 .07 1 00.21 4 
23 .91 18 .26 6 .09 1.42 25.55 0. 72 23 .40 99.35 5 

At. Prop, 6 . 90 2 .93 1.90 0 .34 3 .94 - 12.98 28 .99 
6 .70 3 .06 1. 76 0.39 3 . 91 0 . 17 13 .00 28 .99 
6 . 79 3.05 1. 73 0.42 3 . 78 0 . 12 13.12 29 .01 GRAIN 
6.92 3.02 1. 78 0.22 3 .80 - 13.25 28.99 32 
6.71 3 .01 1 .95 0.38 3 .74 0. 17 13.02 28.98 



Elements Cu Aa Fe Zn Sb As s To t al Pt. Count 
Wt o/o 24 .98 18.93 5 .48 1.19 26.40 1.06 23.64 101. 69 1 

25.32 17.99 5 .30 1.42 26.01 0.63 23.46 100. 12 2 
23 .94 19.12 5 .38 1. 1 0 26. 51 - 23 .31 99.36 3 
24 .55 18.84 5.26 1. 14 26.41 0.78 23.59 100 .58 4 
23 .83 19.81 5.48 1.34 26. 93 - 23.60 100.99 5 

At. Prop, 6.89 3 . 08 1. 72 0.32 3.80 0.25 12.93 28.99 
7 .08 2.96 1.69 0.33 3 . 79 0.15 13.00 29 .00 
6 .78 3 .1 9 1. 73 0.30 3 . 92 - 13.08 29.00 GRAIN 
6.85 3.10 1.67 0 .3 1 3.85 0.18 13.05 29.01 33 
6.65 3.26 1. 74 0.36 3.93 - 13.06 29.00 

Elements Cu Ag Fe Zn Sb As s To t al Pt. Count 
Wt O/o 24 .37 18.80 5.21 1 .45 26.46 - 23.89 100.17 1 

24 .17 18.75 5 .28 1.01 26.42 0.75 23.80 100.18 2 
24.45 19.33 5 .20 1.21 26.73 - 23 .66 100.58 3 
24.36 19 .03 5 .1 8 1.70 26.75 0 .38 23 .92 1 01.31 4 
23 .89 18 .94 5 .37 1.30 26 .21 - 23. 70 99.40 5 

At. Prop. 6.80 3 .09 1.65 0.39 3 .85 - 13.21 28 .99 
6. 75 3 . 08 1.68 0.27 3 .84 0.18 13.18 28.98 
6 .83 3 .1 8 ' 1.65 0 .33 3 . 90 - 13.10 28 .99 GRAIN 
6 . 74 3 .1 0 1.63 0 .46 3 .86 0 .09 13.12 29.00 34 
6 .72 3 .1 4 1. 72 0.35 3.84 - 13.22 28.99 

Elements Cu A a Fe Zn Sb As s Total Pt. Count 
Wt o/o 24 .39 18.59 5.41 1.53 26.15 0.64 23 .86 1 00. 56 1 

24.75 18.92 5 .26 1.32 26.1 3 0 . 66 23 .73 100.76 2 
24.32 19 .22 5.04 0 .93 26. 71 1.00 24.26 101. 49 3 
24.78 18.98 5 .20 1.20 26.09 - 23 .75 1 00.00 4 
24.31 17.95 5 . 11 1.50 25.75 0 .62 23 .24 98.49 5 

At . Prop. 6.77 3 .04 1 .71 0 .4 1 3.79 0. 15 13.13 29.00 
6 .88 3.09 1 .66 0 .35 3.78 0. 16 13 .07 28.99 
6 .71 3.12 1.58 0 .25 3 .84 0 .23 13.26 28.99 GRAIN 
6.93 3 .1 3 1.65 0.32 3.81 - 13 .16 29.00 35 
6 .90 3 .00 1.64 0 .4 1 3 .82 0.14 13.08 28.99 

Elements Cu Aa Fe Zn Sb As s Total Pt. Count 
Wt o/o 24.43 18 .40 5 .25 0 .77 27.09 0 .67 23.90 100.51 1 

24 .08 19.1 5 5 .46 1.27 26.37 0.63 23 .70 100.67 2 
23.93 19.49 5 .49 1.59 26.97 - 24.26 101. 73 3 
24.73 18.34 5 .22 1 .21 26. 56 - 23.77 99.83 4 
24.12 19.98 5 .05 1.44 26. 61 0.50 23.88 101.59 5 

At. Prop. 6 .81 3 .01 1.67 0.20 3 .94 0. 16 13 .20 28 .99 
6 .71 3 .14 1. 73 0.34 3 .83 0 .1 5 13 .09 28.99 
6.59 3. 16 1. 72 0.42 3.87 - 13.24 29.00 GRAIN 
6.92 3 . 02 1.66 0.33 3 .88 - 13. 18 28 .99 3 6 
6 .68 3 .26 1.59 0.39 3.85 0.12 13. 11 29.00 



Elements Cu Ag Fe Zn Sb As s Total Pt. Count 
Wt % 23.86 18.17 5 .49 1.49 26.37 0.66 23.25 99 .30 1 

23 .98 19.74 5 .32 1.53 27.03 0.57 23.77 101. 95 2 
23.74 19 .72 5 .37 1 .31 25 .77 . 23.31 99.22 3 
23 .94 18.81 5 .1 8 1.68 26.26 . 23.62 99.49 4 
23.89 17 .84 5 .26 1.45 26.30 . 23.76 98 .50 5 

At. Prop. 6. 74 3 .02 1.76 0.40 3 .89 0. 16 13.02 28.99 
6 .63 3.22 1.67 0.41 3 .90 0. 13 13.03 28.99 
6 .72 3.29 1.73 0.36 3.81 . 13.09 29.00 GRAIN 
6. 73 3 .12 1.66 0.46 3 .85 . 13.1 7 28.99 37 
6. 75 2.97 1 .69 0.39 3.88 . 13.31 28 .99 

Elements Cu Aq Fe Zn Sb As s Total Pt . Count 
Wt % 23.91 19.85 4.84 1.44 25.97 0.68 23.28 99.98 1 

24.92 19.98 5 .0 6 1.40 26. 48 . 23.38 101 .21 2 
24.57 19.1 8 4 .92 1.46 26.86 0.76 23.91 101. 65 3 
23 .79 19.82 5 .09 1.57 26.47 0.80 23.75 101.30 4 
23 .69 19.03 4 .93 1.34 26. 56 1. 58 23.31 100.44 5 

At. Prop. 6.75 3 .30 1.55 0 .39 3 .82 0.16 13.02 28 .99 
6 . 95 3 .28 1. 61 0.38 3 .85 . 12.92 28 .99 
6. 79 3 .1 2 1.54 0.39 3 .87 0.18 13.10 28 .99 GRAIN 
6 .61 3 .24 1.62 0.42 3 .84 0.19 13 .08 29.00 38 
6.66 3.15 1.57 0 .36 3 .89 0.37 12.98 28 .98 

Elements Cu Aq Fe Zn Sb As s Total Pt. Count 
Wt% 24.73 17 .64 5.60 0 .98 26.57 . 23.69 99.21 1 

24 .15 18.1 8 5.52 1 .41 26.27 0.46 23 .60 99.59 2 
24 .80 17.63 5.26 1 .45 26.48 0.50 23 .56 99 .68 3 
23 .61 17 . 72 5.49 1.67 27. 61 0 .55 24 .28 1 00.94 4 
23 .65 18.43 5 .34 1. 1 3 27.40 . 24 .1 5 100.09 5 

At. Prop. 6 .94 2.92 1. 79 0 .27 3 .89 . 13 .1 9 29.00 
6 . 77 3 .00 1. 76 0 .38 3 .84 0 . 11 13 .20 28.98 
6 .95 2 .91 1.67 0 .39 3.87 0.12 13 .08 28.99 GRAIN 
6 .53 2 .88 1 .73 0.45 3 .98 0.13 13 .30 29.00 39 
6 . 60 3 . 03 1. 70 0.30 3 .99 . 13.37 28.99 

Elements Cu Aq Fe Zn Sb As s Tota l Pt. Count 
Wt % 24.13 17 .51 5 .67 1.42 27.33 . 24 .49 100.55 1 

24.90 17.35 5.48 0 .52 27.37 0.62 24 .21 100.46 2 
25 .20 17.78 5 .43 1.26 27.41 . 24 .11 101 .18 3 
24 .70 17.49 5 .56 1.14 26.70 . 23.63 99 .21 4 
22.73 20.27 5 .26 1.16 26.61 0 . 52 23.61 100.16 5 

At . Prop. 6.66 2.85 1.78 0.38 3.93 . 13.40 29.00 
6.90 2.83 1.73 0 .1 4 3.96 0.14 13.30 29.00 
6 . 95 2.89 1.70 0.34 3 .94 . 13.18 29.00 GRAIN 
6.94 2.88 1. 77 0.31 3 .92 . 13.1 6 28.98 40 
6 .40 3.36 1.68 0.32 3 .91 0.12 13.19 28.98 
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Elements Cu AQ Fe Zn Sb As s Total Pt. Count 
Wt% 24.68 18.51 4 .92 1.32 26.81 0.60 25.09 101.91 1 

24.00 18.27 4.77 1.34 27.1 6 . 24.40 99.94 2 
23.92 17 .86 5.36 1 . 74 26.43 . 24.1 9 99.50 3 
25.09 17 .25 5 .1 6 1.32 26.80 0.57 24.29 1 00.48 4 
24.26 17 .64 5.33 1.11 27.20 . 24.07 99.61 5 

At. Prop. 6 .74 2.97 1.52 0.34 3.82 0.13 13.58 29.10 
6.69 3.00 1 .51 0 .36 3.95 . 13.48 28.99 
6 .67 2.93 1. 70 0.47 3.85 . 13 .37 28.99 GRAIN 
6 .93 2.80 1.62 0 .35 3 .86 0.12 13.30 28.98 4 1 
6 . 78 2. 91 1 .69 0 .30 3 . 97 . 13 .34 28 .99 

Elements Cu Ag Fe Zn Sb As s Total Pt. Count 
Wt % 23.62 18.12 5 .57 1.1 2 26.92 . 24 .31 99.67 1 

24.11 17 .18 5 .38 1 . 1 7 26.66 0.60 23.45 98.55 2 
23.40 18 .04 5.38 1.46 26.45 . 23.60 98.34 3 
24.23 17 .96 5.63 1.55 26.30 0 .49 23.45 99 .61 4 
24. 74 18 .69 5 .52 1 . 1 0 26.10 - 23.88 100.03 5 

At . Prop. 6.59 2 .98 1.77 0 .30 3 .92 - 13.44 29.00 
6.83 2.87 1.73 0 .32 3.94 0.14 13. 17 29.00 
6 .64 3 .02 1 . 74 0 .40 3.91 - 13.28 28.99 GRAIN 
6.80 2.97 1.80 0 .42 3.85 0 . 11 13.04 28.99 42 
6 .89 3 .07 1.75 0 .29 3. 79 . 13. 19 28.98 

Elements Cu ACJ Fe Zn Sb As s Total Pt. Count 
Wt % 24.07 18.04 4 .91 1.41 27. 55 0 .64 24.34 100.97 1 

24.32 18.24 5.10 1 .40 27. 12 0 .53 24 .43 101.14 2 
24. 17 18.01 5. 11 1.05 27. 07 . 24.47 99.89 3 
24.42 18 .24 5.25 1 .27 27.32 . 24.17 100.67 4 
24.11 18 .05 5. 11 1 .36 27.38 . 24 .41 100.42 5 

At. Prop. 6 .66 2 .94 1.54 0.38 3.98 0 . 15 13 .35 29.00 
6 .70 2 .96 1.60 0 .37 3. 90 0.12 13 .34 28.99 
6 .72 2 .95 1.62 0 .28 3 . 93 - 13.49 28 .99 GRAIN 
6 .77 2.98 1 .66 0 .34 3 .95 . 13.29 28.99 43 
6 .69 2 .97 1.61 0 .36 3 .96 - 13.42 29.01 

Elements Cu ACJ Fe Zn Sb As s Total P1. Count 
Wt% 24.56 18.08 5.23 1 .13 26.38 . 23 .98 99.36 1 

24.52 18. 11 5 .50 1.29 27.51 . 25 .05 101.97 2 
24.32 17 .65 5.14 1.22 27.12 - 24 .22 99.67 3 
24 .68 18 .13 5.52 1 .78 27. 18 - 24.05 1 01 .35 4 
24.61 17.20 5.39 1 .21 26.45 - 23 .95 98.81 5 

At. Proo. 6.88 2 . 98 1.67 0.31 3 .85 - , 3 .31 29.00 
6.66 2 . 90 1. 70 0 .34 3 . 90 - 13.49 28.99 
6.79 2 .91 1.63 0.33 3 .95 . 13.39 29.00 GRAIN 
6 .84 2 .96 1. 74 0.48 3 .93 . 13 .04 28.99 44 
6.91 2 .84 1.72 0 .33 3 .87 - 13.32 28.99 



Elements Cu AQ Fe Zn Sb As s Tota l Pt. Count 
Wt % 24.32 17.52 5 .42 1.13 26 .33 0 . 69 23.93 99.34 1 

24 .49 17.48 5 .34 1.43 27. 00 . 24.53 100.27 2 
24.42 17.84 5.34 0.86 26 .79 0.61 24.23 100.09 3 
24.41 18 .13 5 .32 1 . 1 7 26 .39 . 24.59 100 .00 4 
24.29 17 .55 5 .06 1 .27 26.27 . 24.28 98.72 5 

At. Prop. 6 .80 2 .89 1.72 0.31 3 .84 0.16 13 .27 28.99 
6 . 77 2.84 1.68 0 .38 3 .89 . 13 .43 28.99 
6. 78 2 .92 1.69 0 .23 3.88 0.14 13.34 28.99 GRAIN 
6 . 76 2.96 1.67 0 .27 3.82 . 13.51 28.99 45 
6.81 2 .90 1.61 0 .35 3 .83 . 13.49 28.99 

Elements Cu Ag Fe Zn Sb A s s Tota l Pt. Count 
Wt % 24.45 17 .07 5.64 2.07 26.51 0.44 23 .99 1 00.16 1 

24.47 17 .64 5.22 1 .81 26.21 0.52 24.09 99.96 2 
24.12 17 .36 5 .36 2 .55 26.61 . 23.60 99.60 3 
24.27 17.45 5.39 1.99 26.62 . 24.11 99 .83 4 
25.16 17.60 5.94 2 .12 25.67 . 24.34 100.83 5 

At. Prop. 6 . 77 2.78 1. 78 0 .56 3 .83 0 .10 13.1 7 28.99 
6.79 2.89 1.65 0 .49 3 .80 0 .12 13 .26 29.00 
6 .75 2.86 . 1.71 0.69 3.89 . 13.1 0 29.00 GRAIN 
6 . 76 2.87 1. 70 0 .54 3 .86 . 13 .29 29.02 4 6 
6 .88 2 .84 1 .85 0 .57 3.67 . 13.20 29.01 

Elements Cu Ag Fe Zn Sb As s Total Pt. Count 
Wt % 22.84 19.56 4.72 1.05 26.33 0.89 24.07 99.47 1 

23. 55 21.31 4 .74 0 .77 27. 55 . 23.97 101.88 2 
23.67 19 .58 4 .99 0.89 27.65 . 23.59 1 00.37 3 
23.60 19.48 4 .60 0.51 27.31 . 23.03 98.54 4 
23.18 18.85 4 .84 1.26 28.30 . 23.47 99.91 5 

At. Prop. 6.43 3 .24 1 .51 0.28 3 .87 0 .21 13.44 28.99 
6 .56 3 .49 1.50 0 .21 4.00 . 13.23 28 .99 
6 . 67 3.25 1.60 0 .24 4.06 . 13.17 28.99 GRAIN 
6 . 79 3 .30 1.50 0.14 4 .10 . 13.15 28.98 47 
6.57 3 .15 1 .56 0 .34 4 .1 8 . 13.19 29.00 

Elements Cu Ag Fe Zn Sb As s To t a l Pt. Count 
Wt % 23.40 20.17 4 .99 0 .79 26.58 . 23.56 99.49 1 

23.52 19 .61 4 .65 0 .74 27.16 0 . 76 23.35 99.79 2 
24.56 19.30 4 .73 1.23 26.56 . 23.42 99 .80 3 
23.32 19.43 4 .83 1.22 26.47 . 23.22 98.49 4 
22.82 19.08 4 .92 1.30 27. 10 0 .50 23.14 98.86 5 

At. Prop. 6.63 3.37 1 .61 0.22 3 .93 . 13.24 29.00 
6.68 3 .28 1.50 0.20 4 .02 0.18 13.12 28.98 
6 .93 3.21 1.52 0 .33 3 . 91 . 13.10 29.00 GRAIN 
6.67 3 .26 1.57 0.34 3 . 96 . 13.18 28.98 48 
6.53 3 .21 1.60 0.36 4 . 05 0.12 13.13 29 .00 



Elements Cu AQ Fe Zn Sb As s Tota I Pt . Count 
Wt % 17 .61 26.59 4 .4 9 0 .94 25 .97 - 22. 43 98.03 1 

20., 0 24.43 4 .63 1 .1 6 27.24 1. 1 0 22.62 101 .28 2 
20 .46 24.39 4 .74 0 .70 26.25 0.68 22.81 100.03 3 
18.75 25.45 4 .94 0 .97 27.12 0.51 23 .40 101.14 4 
17 .31 27.28 4.88 0.76 25.27 1 .21 22.92 99 .61 5 

At. Prop . 5.25 4 .67 1.52 0 .27 4 . 04 - 13.25 29.00 
5.79 4 . 10 1 .51 0 .32 4 . 09 0.28 12 .91 29 .00 
5 .91 4 . 15 1 .56 0 .20 3 . 96 0 .16 13 .06 29.00 GRAIN 
5 .37 4 .29 1 .61 0.26 4.05 0.12 13.28 28.98 4 9 
5 .05 4 . 69 1.62 0.21 3 .85 0.30 13 .27 28 .99 

Elements Cu Ag Fe Zn Sb As s To t a l Pt. Count 
Wt % 24 .39 19.08 4.92 1. 76 26. 90 0.46 23 .03 100.55 1 

23 .40 19 .21 4 .83 1 .25 26.54 - 22.88 98 .11 2 
24 .08 18.65 4 .95 1 .34 26.36 - 23 .1 4 98 .51 3 
23 .35 20 .13 4 .70 0.69 26.93 . 23.81 99 .61 4 
24 .1 6 19.86 4 .7 5 1.28 26.75 . 23.63 100.43 5 

At. Prop. 6.87 3 . 16 1.57 0.48 3 .95 0. 11 12.85 28.99 
6.74 3 .26 1.58 0.35 3 .9 9 . 13 .07 28 .99 
6.87 3 . 13 ' 1.61 0 .37 3.93 . 13 .09 29.00 GRAIN 
6.61 3 .36 1.51 0.19 3 .96 - 13 .36 28.99 5 0 
6 .78 3 .28 1.52 0.34 3 .9 2 - 13 .1 5 28 .99 

Elements Cu AQ Fe Zn Sb As s To tar Pt. Count 
Wt % 22.53 19.63 4.67 0.84 27.36 . 23 .31 98 .33 1 

23.85 19.91 4 .57 0 .68 27. 66 - 23 .65 1 00.32 2 
17.06 27.57 3 .66 2 .02 27.17 - 21. 75 99 .22 3 
16 .62 28 .31 4.84 1.21 27.30 - 22.56 100.84 4 
23.07 19 .77 5 .11 0.86 27 .09 - 23.68 99 .58 5 

At. Prop. 6 .49 3 .33 1.53 0 .23 4 .11 - 13.30 28 .99 
6 .73 3 .31 1.4 7 0 .1 8 4 . 07 - 13.23 28 .99 
5. 11 4 .87 1.25 0.59 4 .25 . 12 .93 2 9 .00 GRAIN 
4 .87 4 .89 1. 61 0 .3 4 4 . 17 - 13 . 11 28 .99 5 1 
6 .53 3 .29 1.64 0 .24 4 .00 . 13.28 28.98 

Elements Cu Aa Fe Zn Sb As s Tota l Pt. Count 
Wt % 23 .47 19. 8 5 5 .08 0 .85 27.3 4 0 .36 23.53 100.47 1 

23 .49 , 9 .26 4.55 0 .8 1 26.61 0 .5 3 23 .76 99 .00 2 
23 .56 , 9.33 4.80 0 .92 27.3 0 - 23 .66 99 .57 3 
23 .42 18.48 5 .15 1.01 27.1 3 0.66 23 . 74 99.60 4 
23 .5 6 19.1 7 5 .39 1.09 26.63 - 23.68 99.52 5 

At. Prop. 6.61 3 .29 1.63 0 .23 4.02 0.08 13.13 28 .99 
6 . 66 3.21 1.4 7 0 .22 3 .94 0. 12 13 .36 28 .98 
6.67 3 .22 1.54 0 .25 4 .03 - 13.27 28 .98 GRAIN 
6 .60 3 .07 1.65 0 .27 3 . 99 0.16 13 .26 29 .00 52 
6 .64 3 .18 1. 73 0 .30 3 . 92 . 13.23 29.00 
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Elements Cu Aq Fe Zn Sb As s To t a l Pt. Count 
Wt % 23.73 18.99 5 .1 2 0.80 27.24 - 24.06 99.94 1 

23.51 18 .88 5 .1 4 1.08 28.16 - 24.39 101.1 0 2 
23.51 18.23 5 .24 0.90 27.19 - 23.49 98.56 3 
24 .03 18 .49 5 .1 6 0.99 27. 11 - 23 .75 99.53 4 
24 .15 18.78 5.03 1.24 27 .30 - 23.99 1 00.48 5 

At. Prop. 6 . 65 3 .1 3 1.63 0.22 3.99 - 13.37 28.99 
6.56 3 . 09 1.63 0.29 4 .10 - 13.49 29.16 
6 . 69 3 .06 1. 70 0 .25 4 .0 4 - 13.26 29 .00 GRAIN 
6 . 77 3 .07 1.65 0 .27 3 . 98 - 13.25 28.9 9 53 
6. 74 3 .08 1.59 0.33 3 . 97 - 13 .27 28 .98 

Elemen t s Cu Ag Fe Zn Sb As s Tota l Pt. Count 
Wt % 23.31 18.57 4 .96 1.1 8 26.52 0.83 23.43 98.81 1 

23.92 , 7.88 5 .80 1. 13 26.36 0.44 23.67 99.20 2 
24.38 19.23 5 .38 1.05 27.79 - 23.97 101.80 3 
23 .25 18 .76 5 .39 1.28 27.93 - 24.57 101.18 4 
22.98 18.91 5 .46 1.12 26.94 - 23 .79 99 .20 5 

At. Prop. 6.63 3 .11 1.60 0.32 3 .93 0 .20 13 .20 28 .99 
6 .72 2.96 1.85 0.31 3 .87 0.10 13.18 28 .99 
6.74 3 .1 3 1.69 0.28 4 .01 - 13.14 28.99 GRAIN 
6 .42 3 . 05 1.69 0.34 4 .03 - 13.46 28.99 54 
6.49 3 .1 5 1.75 0.30 3 .97 - 13.32 28.98 

Elements Cu Aq Fe Zn Sb As s Tota l Pt. Count 
Wt % 23.95 18 . 71 5 .05 1.09 27 .28 - 24 .24 1 00 .32 1 

24 .08 17 .55 4.99 1.15 27.29 - 23.77 98 .84 2 
23.96 18 .86 5.30 0.38 27.32 - 24 .12 99.94 3 
23.65 19.1 5 5.23 0.91 26.92 - 24.10 99.97 4 
21.98 20.33 5.12 1 .01 27. 58 - 23 .27 99 .28 5 

At . Prop. 6.67 3 .07 1.59 0 .29 3 . 97 - 13.39 28 .98 
6 .81 2.92 1 .60 0 .31 4 . 03 - 13.32 28.99 
6 .71 3 . 11 1 .69 0.10 3 . 99 - 13.39 28.99 GRAIN 
6 .62 3 . 16 1.66 0 .25 3 .93 - 13 .37 28.99 5 5 
6 .29 3.43 1.67 0.28 4 . 12 - 13.21 29.00 

Elements Cu Ag Fe Zn Sb As s To t al Pt. Count 
Wt % 22.66 18.49 5 .1 4 1.33 28. 00 - 23.88 99 .50 1 

24 .36 18 .1 4 5 .23 0 .99 26.07 0.92 23 .45 99 .1 5 2 
23 .75 18.23 5 .28 0.97 27.43 - 23.73 99.38 3 
23 .88 18.80 5.07 1.63 27.48 - 24 .27 101.13 4 
23.79 17.72 5 .09 0 .89 26.85 - 23 .74 98 .08 5 

At . Proo. 6 .40 3 . 08 1.65 0.36 4 .1 3 - 13.37 28.99 
6 .87 3 .01 1.68 0 .27 3.84 0 .29 13.11 29.07 
6 .70 3 .03 1 .69 0.26 4.04 - 13.27 28.99 GRAIN 
6 .61 3 .06 1.59 0 .44 3 .97 - 13.32 28 .99 s 6 
6 .77 2 . 97 1.64 0.24 3 .98 - 13.38 28.98 
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Elements Cu Aq Fe Zn Sb As s Total Pt . Count 
Wt % 23.97 19.05 5 .23 1.00 26.74 - 23.66 99.65 1 

19.1 0 22.05 7.98 1. 1 0 24.65 0.55 24.49 99.93 2 
23.56 18.58 5.32 1 . 1 0 27.67 - 24.20 1 00 .43 3 
23.21 18.66 5.28 0 .96 27.45 - 23.65 99.19 4 
23 .08 18.59 5 .41 0.90 27.22 - 23.68 98.88 5 

At. Prop. 6. 75 3.16 1.67 0.27 3.93 - 13.21 28.99 
5.32 3.62 2 .53 0.30 3.58 0 . 13 13.52 29.00 
6.57 3.05 1 .69 0.29 4 .03 - 13 .37 29.00 GRAIN 
6.58 3. 11 1.70 0 .26 4.06 - 13.28 28.99 57 
6.55 3 .10 1 . 74 0.25 4.03 . 13.32 28 .99 

Elements Cu Ag Fe Zn Sb As s Tota l Pt. Count 
Wt % 22.75 19.13 5.24 1.35 27.29 1.08 24.02 100.85 1 

23 .03 18. 79 5 .31 1.08 28.33 0.42 24.50 1 01.47 2 
23.57 19.42 5.37 1.19 27.03 0 .42 23.87 100 .87 3 
23.88 18.88 5.28 1.29 27.62 0 .54 24.38 1 01.88 4 
23.48 18.89 4 .97 1.36 26.50 - 23 .65 98.85 5 

At. Prop. 6.34 3.14 1.66 0 .36 3.97 0 .25 13.27 28.99 
6.37 3 .06 1.67 0 .29 4.09 0.1 0 13.4 3 29.01 
6.57 3.19 1. 70 0 .32 3 .93 0. 1 0 13.1 9 29.00 GRAIN 
6.56 3.06 1.65 0 .34 3.96 0.12 13.29 2 8 .98 58 
6.67 3.16 1.60 0 .33 3 .92 . 13.31 28.99 

Elements Cu Ao Fe Zn Sb As s Total Pt. Count 
Wt % 28.28 14.00 5.70 1 .43 25.87 - 23 .17 98.44 1 

27.79 15.00 5 .30 1 .29 27.33 - 24 .13 1 00 .84 2 
27.64 14.73 5 .46 0.93 27.29 0 .58 24.04 100.67 3 
27 .91 14.82 5.09 1.25 26.61 0.56 23.26 99.51 4 
28.11 15.34 5 .36 1.24 26.36 1.23 23.82 101.45 5 

At. Prop. 7.91 2 .30 1 .81 0.34 3 . 78 - 12.85 28 .99 
7 .61 2.42 1.65 0.30 3 . 91 - 13.10 28.99 
7.64 2.37 1. 70 0.22 3.89 0 .13 13.03 28.98 GRAIN 
7.77 2.43 1. 61 0.34 3 .87 0.13 12.84 28.99 59 
7.66 2 .46 1 .66 0.33 3.75 0.28 12.86 29 .00 

Elements Cu Ao Fe Zn Sb As s Total Pt. Count 
Wt O/o 27 .75 13.64 5 .38 1 .41 26.61 - 23.66 98 .4 4 1 

27.79 13.84 5.19 1.20 27.03 0 .65 23.37 99 .06 2 
28.75 13.95 5.66 1.92 26.66 0.61 23.94 101.49 3 
28.47 14.50 5.53 1 .47 26. 15 0.66 23.89 100.67 4 
27.09 15 .12 5.64 1.35 26.64 0.41 23.55 99.80 5 

At. Prop. 7.73 2.24 1. 70 0 .38 3.87 . 13.07 28.99 
7.75 2.27 1.64 0.32 3.93 0.15 12.92 28.98 
7. 78 2.22 1 . 74 0.50 3.76 0 . 14 12.84 28.98 GRAIN 
7.77 2.33 1. 71 0.39 3.72 0 .1 5 12.92 28.99 6 0 
7 .51 2 .47 1.78 0.36 3 .85 0.09 12.93 28.98 



APPENDIX II 

TETRAHEDRITE ANALYSES 

Values are quoted in number of atoms (atomic proportions) relative to 13 

atoms of sulfur. 
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Cu 
7 .06 
7 .04 
7 .01 
7 . 01 
6 . 99 
6.88 
6.84 
7 .02 
6.81 
7 .23 
7 . 10 
6.93 
7 .01 
6 .98 
7 . 03 
6. 74 
6 .99 
7 .08 
7.04 
7 . 14 
7. 02 
7.04 
7 . 16 
7.25 
6 .94 
7 . 28 
7 .05 
7.06 
6 .87 
7 .08 
6 .95 
7 .18 
6 .89 
6 .97 
6 . 71 
6 .62 
7 .00 
6 .83 
6 . 62 
6.82 
4 .8 8 
4. 79 
5 .52 
5.44 
5 .88 
6 .67 

Ag 
2 .95 
2 .94 
3 .05 
2 .94 
2 .87 
2.96 
2 .85 
2 .98 
3 .01 
2 .90 
2 .82 
3 .03 
2 .97 
2 .90 
2 .84 
3 . 17 
3 .06 
3 . 17 
3 .15 
3 .20 
3.16 
3.21 
3 .22 
3 .1 7 
3.10 
3 .17 
3 .23 
3 .22 
3 .33 
3 .06 
3 .06 
3 .17 
3 .14 
3 .12 
3 .66 
3 .13 
3 .15 
3 . 17 
3 .08 
3 .25 
4 .81 
5.15 
4 .82 
3.80 
4 .07 
3 .45 

F& 
1 .80 
1.73 
1.86 
1.82 
2 .00 
1 . 78 
1 . 75 
1.85 
1.84 
1. 71 
1. 76 
1.84 
1.85 
1 . 79 
1.80 
1 .83 
1.84 
1 .83 
1.89 
2 .00 
1.95 
1 .84 
1.78 
1.82 
1.84 
2 .07 
1 .88 
1 .84 
1.84 
2 .01 
1 .84 
1 .95 
1.82 
1.80 
1.88 
1.78 
1 .93 
1.92 
1.90 
1.94 
1 .84 
2 .00 
1.89 
2 .73 
2 .28 
1.80 

Zn 
0 .33 
0 .30 
0 .29 
0 .24 
0 .29 
0 .26 
0 .37 
0 .39 
0 .34 
0 . 28 
0 .37 
0 . 18 
0 .24 
0 .33 
0 .20 
0 .41 
0 .27 
0 .30 
0 .34 
0 .39 
0 .20 
0 .28 
0 .26 
0 .24 
0 .28 
0 .51 
0 .32 
0 .31 
0 .33 
0 .28 
0 .24 
0 .29 
0 .25 
0 .40 
0 . 20 
0 .29 
0 .29 
0 .26 
0 .27 
0 . 19 
0 .43 
0 .60 
0 .52 
0.48 
0 . 50 
0 . 50 

Sb 
3 .94 
3 .86 
3 .86 
3 .84 
3 .94 
3 . 77 
3 .88 
3 .84 
3 . 94 
3 .80 
3 .76 
3 .86 
4 .03 
3 .93 
3 . 70 
4 . 12 
4 . 00 
4 .03 
3 .99 
4 .08 
4 .00 
4 . 11 
4 . 13 
4 .07 
4 .00 
4 . 08 
4 . 13 
3 . 96 
4 .07 
4 . 02 
4.00 
3 .97 
3 .89 
4 .02 
4 . 00 
3 .89 
3 .95 
4.06 
4 . 10 
3.94 
3 .8 5 
4 .00 
4 .05 
3 .69 
4 . 01 
3 .82 

As 
0 . 16 

0 .26 
0 .20 
0 .09 
0 .22 

0 .20 

0 . 11 

0. 14 
0 .1 5 

0. 11 

0 .14 

0 .18 

0 . 14 
0 . 17 
0 .23 
0 . 13 

Cu atom Va l en ce 
Tota l / u ni t e l ec tr. / 

s 
13 .00 
13 .00 
13.00 
13 .00 
13 .00 
13 .00 
13 .00 
13 .00 
13 .00 
13 .00 
13.00 
13.00 
13 .00 
13.00 
13 .00 
13 .00 
13 .00 
13 .00 
13.00 
13 .00 
13 .00 
13 .00 
13 .00 
13 .00 
13.00 
13 .00 

atoms 
29 .. 26 
28 .89 
29.08 
28 .87 
29.37 
28.88 
28 .82 
29.31 
28 .97 
29 .14 
28 .83 
28 .86 
29.23 
28 .96 
28.59 
29 .29 
29 .17 
29.44 
29 .58 
29 .97 
29.35 
29.62 
29.57 
29 .57 
29 .32 
30. 14 

13 .00 29 .63 
13 .00 29 .41 
13 .00 29.46 
13 .00 29 .47 
13 .00 29. 11 
13.00 29 .59 
13.00 28.99 
13 .00 29.33 
13 .00 29.4 7 
13 .00 
13 .00 
13 .00 
13.00 
13.00 
13 .00 
13 .00 
13.00 
13.00 
13.00 
13.00 

28.92 
29.34 
29.41 
29 .15 
29 .39 
28.98 
29 .56 
29.70 
29.16 
29 .76 
29 .25 

fo r mula u ni t tm l 
10 .01 209. 10 
09 . 98 207.20 
10. 06 207 .80 
09 . 95 207.10 
09.86 210.00 
09.84 207.70 
09.69 207.70 
10.00 209.20 
09.82 207.90 
1 0 . 13 208.00 
09. 92 206.80 
09. 96 207 .00 
09. 98 209.00 
09.88 207. 70 
09. 87 205.80 
09 . 91 
10 .05 
10 .25 
10. 19 
10 .34 
10. 18 
1 0 . 25 
10.38 
10 .42 
1 0 . 04 
10.45 

209 .30 
209.1 0 
209.00 
209.90 
2 11. 50 
2 0 8 .8 0 
210.10 
2 0 9 .5 0 
209.20 
209.20 
2 11.60 

10 .28 210.00 
1 0 .28 208.80 
10.20 209.30 
10. 14 209.40 
10.01 208.20 
10.35 209.30 
10.03 207.60 
1 0.09 208.80 
10.37 208.90 
09.75 
10. 15 
10.00 
09. 70 
10. 07 
09.69 
09.94 
10.34 
09.24 

208.00 
208. 70 
209.40 
209 .50 
209.50 
208.10 
210.00 
210.50 
209.30 

09. 95 21 0 .90 
10. 12 208 .20 



Cu 
6 .78 
6.81 
6 .63 
7 .04 
7.30 
7.42 
7.30 
7 .39 
7 .31 
7 .37 
7 .33 
7.29 
7 .52 
6 .81 
4 .69 
4 .56 
4 .74 
4 .57 
4 .75 
7 .08 
7 .38 
7 .03 
7 .21 
7 .28 
7.36 
7 .38 
7.53 
7.39 
7 .21 
7.31 
7 .62 
7 .34 
7 . 18 
7 .40 
7 . 57 
7 .25 
7 .56 
7 .42 
7.40 
7 .06 
7.50 
7.21 
7 .39 
6.95 
7 .40 
7 .56 

Ag 
3 .47 
3 .27 
2 .99 
3 .04 
2 .45 
2 .38 
2 .44 
2.42 
2 .41 
2.45 
2 .32 
2 .31 
2 .35 
2 .27 
5 .57 
5 .64 
5 .59 
5 .53 
4 .74 
2 .67 
2 .68 
2 .68 
2 .58 
2 .66 
2 .74 
2 .58 
2 .48 
2.92 
2 .66 
2 .66 
2 .75 
2 .58 
2 .79 
2 . 71 
2 .77 
2 .68 
2 .72 
2 .64 
2 .72 
2 .58 
2 .57 
2.62 
2.66 
2 .77 
2.63 
2.49 

Fe 
1.92 
1 . 73 
1.56 
1.69 
1 .66 
1. 73 
1. 61 
1.69 
1 .69 
1.66 
1 . 61 
, .4 7 
1.64 
1.59 
2 .18 
1.97 
2 . 11 
2 .00 
2 .42 
1.55 
1.56 
1.44 
1.59 
1.48 
1.45 
1.58 
1.46 
1.53 
1.48 
1.44 
1.58 
1.53 
1.45 
1.51 
1.50 
1 .51 
1.67 
1.62 
1.4 7 
1 .57 
1.55 
1.62 
1. 61 
1 .53 
1.60 
1 .48 

Zn 
0 . 69 
0 . 52 
0 .35 
0.54 
0 .31 
0 . 58 
0.57 
0.47 
0.43 
0.46 
0.47 
0 .44 
0 .33 
0 .37 
0 .23 
0 .25 
0 .24 
0 .37 
0 .19 
0 .67 
0 . 75 
0 . 71 
0 .54 
0 . 73 
0.59 
0.57 
0 .58 
0.66 
0 .76 
0 . 64 
0. 70 
0 .55 
0 .56 
0 . 60 
0 . 76 
0 . 70 
0 .65 
0 . 74 
0 . 79 
0 .82 
0.88 
0. 77 
0 .68 
0 .60 
0 .61 
0 .64 

Sb 
3 . 70 
3 .70 
3 . 66 
3 . 79 
3 .86 
3.80 
3.83 
3.82 
3 .84 
3 . 79 
3 .80 
4 .33 
3 . 81 
3 . 57 
3 . 90 
4 . 03 
3 . 94 
3 .88 
3 .56 
3 . 73 
3 .82 
3 . 72 
3 .68 
3 .78 
3 .48 
3 .52 
3 .37 
3 .98 
3 . 71 
3 . 72 
3 . 71 
3 . 59 
3 . 68 
3 . 67 
3 . 79 
3 . 61 
3 . 77 
3 . 65 
3 .83 
3 . 52 
3 .58 
3.61 
3.67 
3 . 80 
3 .62 
3 .35 

As 

0 .16 

0 .13 

0 .08 
0 .15 
0 .17 
0 . 17 
0 . 11 
0 . 12 

0 . 1 1 
0 .23 
0 .24 
0 .23 
0 .22 
0 . 52 
0 .27 
0 . 60 
0 .22 
0 .41 
0 .27 
0 .32 
0 .33 
0 .33 
0 .26 
0 . 47 
0 .29 
0 .40 
0 .37 
0 .32 
0 .56 
0 .59 
0 .38 
0 . 56 

0.21 
0 .58 

Cu atom Valence 
Total / unit electr . / 

S atoms formula unit fml 
13.00 29.57 10 .25 209.00 
13 .00 29.04 10.08 207.20 
13 .00 28.21 09 .62 204.70 
13 .00 29.28 10.08 208.60 
, 3 .00 28.61 09. 75 206.40 
13.00 28.94 09.80 207.50 
13 .00 28 .76 09.74 207.00 
13 .00 28 .95 09.81 207.80 
13 .00 28. 70 09. 72 206.80 
13 .00 28.85 09.82 207.20 
13 .00 28.71 09.65 207.20 
13 .00 
13 .00 
13 .00 
13 .00 
13 .00 
13.00 
13.00 
13.00 
13 .00 
13 .00 
13 .00 
13 .00 
13 .00 
13.00 
13 .00 
13.00 
13 .00 
13.00 
13.00 
13 .00 
13 .00 
13 .00 
13 .00 
13 .00 
13 .00 
13 .00 
13 .00 
13 .00 
13 .00 
13 .00 
13 .00 
13.00 
13 .00 
13 .00 
13 .00 

29 .02 
28 .85 
27. 75 
29 .72 
29 .46 
29 .63 
29.37 
28 .68 
28.84 
29.44 
28 .85 
28 .86 
29 .17 
29.15 
28.93 
29.02 
29.73 
29 .25 
29.06 
29 .72 
28.96 
28 .99 
29. 17 
29.88 
29 .06 
29. 78 
29.47 
29.55 
29.14 
29.69 
29 .22 
29.59 
28.67 
29.08 
29.12 

09.60 209.70 
09.87 207.40 
09.08 204.00 
10. 26 210.00 
10.20 209.30 
10.33 209.50 
10. 10 208.80 
09.49 206.60 
09. 75 207.30 
1 0 .06 209.50 
09 . 74 207.60 
09 .79 207 .40 
09. 94 208.60 
10.10 208.20 
09.96 207.10 
10. 01 208.00 
1 0 .32 210.40 
09.87 209.30 
09. 97 208.00 
10.37 209.90 
09. 92 207.50 
09.97 208.00 
10. 11 208.10 
10.34 211.10 
09.93 207.90 
10.28 210.70 
10.06 209.50 
10. 12 210.00 
09.64 209.20 
10.07 210.70 
09.83 209.00 
10.05 210.50 
09. 72 206.60 
10.03 207. 70 
10. 05 208.00 



Cu 
7.44 
7.46 
7. 43 
7.45 
7.66 
7.52 
7 .43 
7.41 
7 .54 
7 .28 
7 . 40 
7 .36 
7.25 
7 .45 
7 .3 4 
7 . 4 0 
7 .2 9 
7 . 12 
7 . 13 
6 .8 4 
7 . 17 
7 .21 
7 .19 
7 .48 
7 .32 
7 .24 
7 .21 
7 .25 
7 .22 
6 . 92 
7 .38 
7 .36 
7 .02 
6. 5 9 
6. 05 
6.82 
6.48 
5 . 52 
7 .0 9 
6 . 50 
5 . 74 
6.21 
7 . 17 
6 .97 
7 .58 
6 .88 

Ag 
2 .46 
2 .62 
2 .67 
2 .60 
2 .52 
2.45 
2.4 7 
2 .51 
2 .49 
2 .78 
2 .60 
2 .54 
2 .64 
2 .55 
2.57 
2.55 
2 .62 
2 .5 3 
2.48 
3 .29 
2 .66 
2 .43 
2 . 71 
2.39 
2 .65 
2 .56 
2.51 
2 .56 
2 .45 
3 .04 
2 .68 
2 .59 
2 .63 
2 .76 
3 .17 
2 .61 
2 .61 
3 .68 
2 .59 
3 .27 
4 .16 
3 .62 
2 .31 
2.52 
2 .4 6 
2 .55 

Fe 
1.52 
1.49 
1 .45 
1.51 
1.39 
1.4 7 
1 .41 
1 .61 
1.37 
1 .40 
1.42 
1.28 
1.37 
1.47 
1.32 
1.36 
1.36 
1.33 
1 .27 
1.35 
1 .35 
1.35 
1.35 
1.37 
1.39 
1.35 
1.33 
1 .37 
1 .30 
1.:?9 
1.40 
1.40 
1.51 
1.53 
1 .41 
1 .2 6 
1 .29 
1.32 
1.43 
1.38 
1.36 
1.34 
1 .34 
1 .40 
1.39 
1.36 

Zn 
0 . 66 
0 . 62 
0 . 71 
0.76 
0.68 
0. 72 
0 . 61 
0.54 
0 . 61 
0 . 62 
0.68 
0 . 62 
0.49 
0 .57 
0. 48 
0.66 
0 .60 
0 .64 
0 .69 
0 .68 
0 .68 
0 .46 
0 .48 
0 .56 
0 . 66 
0 .56 
0 . 58 
0 . 59 
0 .71 
0 .57 
0.59 
0 .59 
0 .65 
0.61 
0.50 
0 .65 
0 .55 
0 .58 
0 .55 
0.64 
0.78 
0 . 66 
0 .54 
0 .73 
0.48 
0.39 

Sb 
3 .30 
3 .51 
3 .65 
3 .48 
3 . 23 
3 .34 
3 .39 
3 .33 
3 .25 
3.64 
3 .46 
3 .56 
3 .62 
3 .47 
3 .63 
3 .66 
3 .53 
3 .49 
3 .39 
3 .73 
3 .69 
3 .40 
3 .44 
3 .29 
3 . 61 
3 .50 
3 .46 
3 .42 
3 .61 
3 .68 
3 .70 
3 . 69 
3 . 68 
3 .8 5 
3.84 
3 .54 
3 .57 
3 .92 
3 .41 
3 . 66 
3 .85 
4 .00 
3 .21 
3 . 57 
3 .35 
3 .33 

As 
0.70 
0.69 
0 .32 
0.27 
0 .70 
0 .84 
0 . 71 
0 .46 
0.66 
0 .51 
0.47 
0 . 56 
0 .52 
0 .49 
0 .47 
0.35 
0 .35 
0.62 
0 .44 
0 .23 
0.15 
0 .54 
0 .53 
0 . 68 
0 .29 
0 .55 
0 .57 
0 .58 
0 .56 
0.48 
0 .32 
0 .21 
0 .51 
0.20 
0 .22 
0.42 
0 .39 
0 . 10 
0.47 
0 .38 
0 .38 
0 .17 
0. 73 
0 .26 
0 .64 
0 . 62 

s 
13.00 
13.00 
13 .00 
13 .00 
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Cu atom Va le nc e 
Total / unit elec tr. / 
ato ms f ormu l a unit f ml 
29.10 09 .90 208.00 
29.41 10.08 209.60 
29 .25 10.10 208.50 
29 .09 10.05 207.50 

13.00 29.21 10.18 208.1 0 
13.00 29.37 09.97 209.60 
13 .00 29.02 09. 90 208.30 
13.00 28.88 09. 92 207.00 
13 .00 28 .96 10.03 207.30 
13 .00 29.24 10.06 208.90 
13 .00 29.04 10.00 207.80 
13 .00 28 .96 09.90 208.00 
13 .00 28.92 09.89 207.90 
13.00 2 9 .00 10.00 207.80 
13 .00 28.83 09.91 207.50 
13.00 28.98 09.95 208.00 
13 .00 28 . 77 09. 91 206 .80 
13.00 28 .76 09 .65 207.70 
13.00 28.41 09 .61 205 .90 
13 .00 29 .1 4 10. 13 208.00 
13.00 28 . 73 09 .83 206. 70 
13 .00 28.42 09. 64 206.00 
13.00 28 . 73 09. 90 206.80 
13 .00 28.80 09.87 207.1 0 
13 .00 28.96 09.97 207.40 
13.00 28. 78 09.80 207.40 
13 .00 28.67 09.72 207.10 
13 .00 28.79 09.81 207.30 
13 .00 28.88 09.67 208.20 
13 .00 29 .09 09.96 208.60 
13.00 29 .09 10.06 208.00 
13.00 28 .87 09. 95 207.10 
13.00 29 .00 09.65 208.90 
13 .00 28 .54 09.35 216.00 
13 .00 28 .20 09.22 206.30 
13.00 28.4 2 09.43 206.50 
13.00 27.92 09.09 205.10 
13.00 28.14 09.20 206.00 
13 .00 28.56 09.68 206.40 
13.00 28 .86 09. 77 207. 70 
13.00 29 .30 09. 90 209.60 
13.00 29 .01 09.83 208.50 
13.00 28.34 09.48 206.00 
13.00 28.4 7 09.49 206 .30 
13 .00 28 .93 10.04 207.20 
13.00 28 .1 6 09.43 205.4 0 



Cu 
7 .21 
6 .82 
7.44 
5 . 58 
7.49 
7 .32 
7 .29 
6.88 
6 . 93 
7. 10 
7.01 
7. 14 
6 . 74 
7.08 
6 . 75 
6 . 71 
6 .93 
6.91 
6. 70 
6 . 72 
6 .78 
6 . 69 
6 . 92 
7 .08 
6.73 
6.82 
6 .61 
6 . 69 
6 . 65 
6 .77 
6.67 
6.60 
6.70 
6 .84 
6 .57 
6 .84 
6 .85 
6 . 70 
6.66 
6 .47 
6 .82 
6 .62 
6 .72 
6 . 61 
6 . 67 
6.64 

Ag 
2.58 
3.16 
2.42 
4. 71 
2.47 
2.51 
2.43 
3 .13 
3 .13 
3 .00 
3.07 
3.07 
2.97 
3 .04 
3 .13 
3.13 
3 .14 
2.93 
3.06 
3 .02 
2.96 
3.00 
3 .09 
2.96 
3.17 
3.08 
3 .24 
3 .04 
3.03 
3.15 
3.07 
3 .08 
3.00 
3.07 
3 .05 
3.09 
2 .98 
2 .96 
3. 11 
3 .10 
2.97 
3.23 
3 .01 
3 .21 
3.26 
3.07 

Fe 
1 .41 
1 .51 
1.44 
1.27 
1 .36 
1 .40 
1.50 
1.63 
1.67 
1. 70 
1.67 
1. 76 
1.65 
1.65 
1. 77 
1.58 
1.85 
1.90 
1. 76 
1 . 71 
1 . 74 
1.94 
1.72 
1.69 
1 . 71 
1 .66 
1 . 73 
1.62 
1.65 
1.63 
1 . 61 
1 .69 
1.69 
1.65 
1.54 
1.62 
1 .62 
1 .64 
1. 71 
1.68 
1.63 
1.57 
1.75 
1.66 
1. 71 
1.63 

Zn 
0.64 
0 .54 
0 .78 
0.81 
0.54 
0 .70 
0 .69 
0.29 
0.46 
0.37 
0.43 
0 .36 
0.32 
0.44 
0.27 
0 .37 
0 .43 
0.34 
0 .39 
0.41 
0.21 
0.37 
0 .32 
0.33 
0.29 
0 .30 
0.35 
0.38 
0.26 
0 .32 
0.45 
0 .34 
0 .40 
0.34 
0.24 
0.31 
0.40 
0 .1 9 
0.33 
0.41 
0.32 
0.38 
0.39 
0 .40 
0 .35 
0.45 

Sb 
3.56 
3.62 
3 .4 1 
4 .24 
3.42 
3 .38 
3.49 
3 .74 
3.89 
3.93 
3.82 
3 .90 
3 .7 6 
3 .87 
3 .80 
3 . 75 
3 .88 
3 . 94 
3. 91 
3.74 
3 . 72 
3 .73 
3.82 
3 .79 
3.89 
3.83 
3. 91 
3 . 78 
3 .78 
3.86 
3.82 
3.77 
3 . 75 
3 . 75 
3.76 
3 . 76 
3 . 79 
3.88 
3 .80 
3 .79 
3 .82 
3 .81 
3 .88 
3.89 
3 .78 
3 . 79 

As 
0 .29 
0.25 
0 .60 

0.61 
0 .62 
0 .46 

0. 15 

0.09 

0. 11 

0.14 
0 .10 

0. 17 
0. 11 

0.16 
0 .25 
0.15 

0. 17 

0. 17 

0.08 

0. 14 
0 .1 5 
0 .22 

0 .1 3 
0 .1 5 
0 .1 4 

0 . 11 
0 .1 5 
0. 12 

s 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13 .00 
13 .00 
13 .00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13 .00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13 .00 
13.00 

117 

Cu atom Valence 
Total / unit electr. / 
atoms formula unit tmf 
28 . 72 09. 79 206. 70 
28 .92 09. 98 207.20 
29.11 09.86 208.50 
29.62 10.29 210.20 
28 .92 09. 96 207.50 
28.97 09.83 207.90 
28.88 09. 72 207. 70 
28 .69 10.01 206.00 
29 .25 10.06 208.70 
29.12 10.10 207.90 
29.11 10.08 207 .90 
29 .25 10 .21 208.10 
28 .46 09. 71 205. 70 
28.74 10.12 208.20 
28. 71 09.88 206.60 
29.35 09.84 206. 70 
29.03 10. 07 209.00 
29.03 09.84 208.1 0 
28. 99 09. 76 208.60 
28. 74 09. 74 206.90 
28 .44 
28 .93 
29 .1 4 
29 .00 
28.81 
28.89 
28 .86 
28 .52 

09. 74 205.40 
09.69 207.80 
10.01 208.40 
10.04 207.80 
09.90 207.00 
09.90 207.50 
09.85 207.30 
09. 73 206.00 

28.58 09.68 206.50 
28.76 09. 92 206.60 
28. 73 09 . 74 207.00 
28.50 09.68 206.20 
28 . 71 09. 70 206.90 
28 .83 09. 91 207.00 
28 .41 09 . 62 206.10 
28 .64 09. 93 206.00 
28 .81 09.83 207.10 
28 .54 09.66 206. 70 
28 .78 09.77 207.20 
28 .47 
28.59 

09.57 206.10 
09. 79 206.1 0 

28 .62 09.85 206.90 
28 .94 09. 71 208.00 
28.92 09.82 207.80 
28.79 
28.61 

09. 93 206.60 
09. 71 206.30 



Cu 
6 . 59 
6 . 73 
6 . 99 
6 .73 
6 .56 
6 .66 
6.83 
6 .66 
6 . 90 
6 .38 
6 .41 
6 .46 
6 . 74 
6 . 85 
6 .85 
6 .30 
6.45 
6.45 
6 .48 
6.77 
6 .60 
6 .37 
6 . 74 
6.49 
6 .77 
6. 79 
6 .48 
6 .52 
6 .47 
6 .62 
6.48 
6 . 71 
6 .41 
6.59 
6.81 
6.74 
6 .66 
6 .55 
6.60 
6.50 
6 .56 
6.68 
6.65 
6.69 
6.61 
6.69 

Ag 
2.90 
3.29 
3.30 
3.00 
3 .21 
3 .15 
2.87 
2.95 
2 .89 
2 .81 
2 .94 
2.76 
2.76 
2.85 
2.84 
3.31 
2.84 
2 .89 
2 .84 
2 .73 
2.83 
2 .88 
2.83 
2.95 
2 .96 
3.02 
2 .86 
2 .88 
2.84 
2.91 
2.87 
2.91 
2.79 
2.82 
2.95 
2.77 
2 .83 
2 .74 
2 .84 
2 .84 
2.79 
2.74 
2.83 
2 .83 
2.80 
2.79 

Fe 
1.65 
1 .54 
1.61 
1 .52 
1 .60 
1.57 
1 . 76 
1.73 
1.65 
1 .69 
1 .65 
1 . 72 
1 .69 
1.67 
1.74 
1 .65 
1 .45 
1.45 
1.65 
1.58 
1.64 
1. 71 
1. 70 
1. 70 
1. 79 
1.72 
1 .49 
1 .55 
1.56 
1 .62 
1.55 
1.63 
1.63 
1 .58 
1.73 
1.67 
1 .68 
1.62 
1 .64 
1.60 
1.55 
1.75 
1.61 
1.69 
1 .66 
1.82 

Zn 
0.38 
0 .38 
0.38 
0.38 
0.41 
0 .36 
0 .26 
0 .37 
0 .38 
0.43 
0 .29 
0.36 
0 . 13 
0.33 
0 .30 
0 .31 
0 .32 
0 .34 
0.45 
0 .34 
0 .29 
0 .29 
0 .31 
0 .39 
0 .4 1 
0 .28 
0 .37 
0.36 
0 .26 
0 .33 
0.34 
0 .30 
0 .32 
0 .32 
0 .47 
0 .32 
0 .30 
0.36 
0 .22 
0.25 
0.33 
0 .55 
0 .48 
0.68 
0.52 
0 .56 

Sb 
3 .78 
3.81 
3.87 
3 .84 
3 .81 
3.89 
3 .83 
3 .78 
3.84 
3 .89 
3 .87 
3 .81 
3 .87 
3.88 
3.87 
3.85 
3 .65 
3 .80 
3 .74 
3 .77 
3.86 
3 . 79 
3 .88 
3.82 
3 .83 
3 . 73 
3.87 
3.80 
3.78 
3 .86 
3 .83 
3 .76 
3.75 
3 .83 
3 .91 
3 .77 
3.76 
3.76 
3.78 
3.67 
3.69 
3 . 78 
3 . 72 
3.86 
3.77 
3 .61 

As 

0.15 

0 .17 
0.18 
0.37 

0 .1 0 
0 . 11 
0 .1 2 

0. 13 

0 . 11 
0.12 

0 . 11 

0 . 13 

0 . 10 

0 . 14 
0. 11 

0.15 

0. 13 

0 .09 
0 . 11 
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s 
13.00 
13.00 
13 .00 · 
13.00 

Cu atom Valence 
To t a l / unit elec tr. / 
atom s formula unit fml 
28.31 09.49 205.60 
28.94 10.02 207.20 
29 .16 10.20 207.60 
28. 76 09. 73 207.1 0 

13.00 28.81 
13.00 29.02 
13 .00 28 .57 
13.00 28.61 
13.00 28.81 
13.00 28.34 
13.00 28.18 
13.00 28 .13 
13.00 28.34 
13.00 28 .60 
13.00 28.62 
13.00 28 .55 
13.00 27 .85 
13.00 27 .95 
13.00 28 .18 
13 .00 28 .32 
13.00 28.25 
13 .00 28.04 
13 .00 28.62 
13.00 28.37 
13.00 28 .89 
13 .00 28 .23 
13.00 28 .25 
13.00 28.25 

27 .93 
28.35 
28 .10 
28.32 
27 .93 
28 .15 
28.89 

09. 77 207.40 
09.81 208. 70 
09. 70 206.30 
09. 61 206. 70 
09 . 79 207.20 
09 .19 206.80 
09.35 205.50 
09 .22 205 .50 
09 .50 206.10 
09. 70 206.50 
09.69 206.60 
09.61 206.1 0 
09.29 204.1 0 
09 .34 204.50 
09 .32 205.30 
09. 50 205.80 
09.43 205.60 
09.25 205.1 0 
09.57 207.10 
09.44 206.00 
09.73 207.70 
09.82 205.80 
09.34 206.00 
09.40 205. 70 
09.31 204.40 
09.51 205.90 
09.35 205.10 
09.62 205.40 
09.20 204 .50 
09.41 205.20 
09.76 207.60 

13.00 
13.00 
13.00 
13 .00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13 .00 
13 .00 
13 .00 
13.00 

28 .29 09.51 205.40 
28 .34 09.49 206.20 
28 .05 09.29 204 .90 
28 .24 09 .44 205.60 
27.89 09.34 204 .00 
27.93 09.35 204.20 
28.61 09.42 207.10 
28.42 09.48 206. , 0 
28.77 09.52 207.50 
28.38 
28.49 

09.41 206.00 
09.48 206.00 

-



Cu 
6 .21 
6.44 
6 . 58 
6 . 71 
6 . 47 
6 .50 
6 .61 
6 .87 
6 .57 
6 .46 
5.20 
5 .82 
5.88 
5.25 
4.94 
6 .94 
6.70 
6.82 
6 .43 
6.70 
6 .34 
6 . 61 
5 . 13 
4 .82 
6.39 
6 .54 
6.48 
6 .53 
6 .46 
6.52 
6.46 
6 .3 2 
6 .55 
6.70 
6 .60 
6 .52 
6 .62 
6 . 66 
6 .20 
6 .33 
6.47 
6 .64 
6 .51 
6 .43 
6 .18 
6 .22 

Ag 
3.13 
3.42 
3.20 
3 .26 
3.10 
3 .30 
3 .24 
3 .18 
3 .21 
3 .17 
4.62 
4 .1 2 
4 .13 
4 .19 
4 .59 
3.19 
3 .24 
3.1 0 
3 .26 
3 .24 
3.25 
3 .25 
4.89 
4.84 
3.22 
3 .25 
3 .12 
3 .15 
3 .00 
3 .12 
3 .04 
2.97 
2 .99 
3 .04 
3 .01 
3 .06 
2.91 
3 .09 
2 .94 
3.07 
2 .98 
2 .84 
3.01 
3 .07 
3.37 
2 .99 

Fe 
1.46 
1.4 7 
1.57 
1.48 
1.53 
1.58 
1.48 
1.50 
1.54 
1.58 
1.50 
1.52 
1.55 
1.57 
1.58 
1 .58 
1.57 
1 .59 
1.46 
1.50 
1.49 
1.44 
1 .25 
1.59 
1.60 
1.61 
1.43 
1.50 
1 .61 
1.69 
1.58 
1 .57 
1.66 
1.63 
1.55 
1 .57 
1 .82 
1.67 
1.63 
1 .70 
1.54 
1.56 
1.64 
1 .61 
1.64 
1.60 

Zn 
0.27 
0.20 
0 .23 
0 . 13 
0 .33 
0 .21 
0 .19 
0.32 
0.33 
0 .35 
0 .26 
0.32 
0.19 
0.25 
0.20 
0 . 48 
0 .34 
0 .36 
0 .1 8 
0.33 
0 .22 
0 .1 7 
0 .59 
0 .33 
0 .23 
0 .22 
0 .21 
0 .24 
0 .26 
0 .29 
0 .21 
0 .27 
0 .24 
0 .26 
0 .32 
0 .31 
0.30 
0.27 
0 .32 
0 . 29 
0 .28 
0.30 
0 .09 
0 .24 
0 .27 
0 .35 

Sb 
3 . 74 
3.93 
4 .00 
4.05 
4 . 11 
3 .85 
3.98 
3 .87 
3 . 90 
4 .00 
4 .00 
4 . 11 
3 . 94 
3 .96 
3.77 
3 .99 
3 .96 
3 . 90 
3 .85 
3 . 87 
4 . 01 
3 . 99 
4 . 27 
4 . 13 
3.91 
3 .97 
3 .83 
3 .94 
3 .91 
3. 8 5 
3 .8 7 
3.95 
3.96 
3 .94 
3 .88 
3.87 
3 .8 1 
3 .96 
3 .89 
3 .87 
3 .85 
3 .93 
3 .87 
3 .82 
4 .05 
4 .01 

As 
0 .20 

0. 17 

0. 11 

0.28 
0.15 
0 . 11 
0.29 
0 . 11 

0 . 07 
0 . 11 

0 .1 5 

0 . 19 
0 .09 
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Cu atom Va lence 
Total / unit e l ec t r. / 

S atoms f ormu l a unit fml 
13.00 28.02 09.34 205.00 
13.00 28.48 09.86 205.80 
13.00 
13.00 
13.00 
13.00 
13.00 
13 .00 
13 .00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13 .00 
13.00 
13 .00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13 .00 
13.00 
13.00 
13.00 
13.00 
13 .00 
13.00 
13.00 
13.00 
13 .00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 
13.00 

28 .56 
28.64 
28 .56 
28 .47 
28. 71 
28.77 
28 .58 
28 .. 70 
28.74 
29.1 9 
28.86 
28.37 
28.39 
29 .32 
28 .83 
28 .79 
28 .20 
28 .65 
28 .33 
28 .48 
29 .15 
28.74 
28.36 
28.70 
28. 19 
28 .38 
28.42 
28 .49 
28 .18 
28 .09 
28 .42 
28 .73 
28 .38 
28 .54 
28 .59 
28.67 
27.99 
28.28 
28 .13 
28 .29 
28 .1 4 
28 .18 
28 .53 
28 .18 

09. 78 206.60 
09. 97 206.50 
09.57 207.10 
09.80 205. 70 
09.85 207.10 
10.05 206.40 
09. 78 206.30 
09.63 205.90 
09.82 208.20 
09. 94 209.40 
10.01 207.40 
09.44 206.40 
09. 53 206.40 
1 0 . 13 208.90 
09 .94 207.1 0 
09. 92 206.90 
09. 69 204.90 
09. 94 206.30 
09. 55 205.90 
09.86 205.90 
10.02 208.90 
09. 66 207.60 
09. 61 205.80 
09. 79 207.00 
09. 60 205.20 
09.68 205.80 
09.46 206.60 
09.64 206.10 
09.50 205.20 
09.29 205.50 
09. 54 206.30 
09. 74 208.20 
09. 61 205.80 
09.58 206.90 
09.53 206.80 
09. 75 206.90 
09.14 205.30 
09.40 205.80 
09.45 205.20 
09.48 205 .80 
09.52 205.00 
09.50 205.20 
09.55 206.90 
09.21 206.10 



120 

Cu atom Va lence 
Total I u n It electr. / 

Cu Ag Fe Zn Sb As s atoms f ormula unit fml 
6.81 2.98 1.66 0.26 3.80 0.28 13.00 28.82 09. 79 207.60 
6.56 2 .96 1.65 0.25 3.95 13.00 28 .39 09.52 206.20 
6.45 2.98 1 .55 0.42 3.87 13.00 28.29 09.43 205.80 
6.57 2.88 1.59 0.23 3.86 13.00 28.15 09.45 205.20 
6.64 3.10 1.64 0.26 3.86 13 .00 28 .52 09. 74 206.10 
5 . 11 3.48 2.43 0.28 3 .44 0. 12 13.00 27.88 08.59 205.20 
6.38 2.96 1.64 0.28 3.91 13.00 28.19 09.34 205.70 
6.44 3.04 1.66 0 .25 3 .97 13.00 28 .37 09.48 206.30 
6 .39 3 .02 1.69 0 .24 3 . 93 13.00 28.29 09.41 206.00 
6 .21 3 .07 1.62 0.35 3 .88 0.24 13.00 28.39 09 .28 207.00 
6 . 16 2.96 1 . 61 0.28 3.95 0 .09 13.00 28.07 09.12 205.90 
6.47 3.14 1.67 0 .31 3 .87 0.09 13.00 28.57 09. 61 206. 70 
6 .41 2.99 1.61 0 .33 3 .87 0. 11 13.00 28 .34 09.40 206.30 
6.51 3.08 1.56 0 .32 3 .82 13.00 28.31 09.59 205.50 
8.00 2.32 1.83 0 .34 3.82 13.00 29.32 10.32 208 .1 0 
7 .55 2.40 1.63 0.29 3.87 13 .00 28.76 09.95 206.60 
7 .62 2.36 1.69 0 .21 3.88 0.12 13.00 28 .90 09.98 207.40 
7 . 86 2.46 1 .62 0 .34 3.91 0 . 13 13.00 29.34 10.32 208.60 
7 . 74 2.48 1 .67 0.33 3 .79 0 .28 13.00 29.31 10.22 208 .70 
7 . 68 2 .22 1.69 0 .37 3.84 13.00 28.83 09.90 206 .90 
7 . 79 2 .28 1.65 0 .32 3 .95 0.15 13.00 29.15 10.07 208 .50 
7 . 87 2.24 1. 76 0.50 3 .80 0. 14 13.00 29.33 10.11 208 .70 
7 .81 2 .34 1 . 72 0 .39 3 . 74 0. 15 13.00 29 .16 10.15 207.90 
7.55 2.48 1.78 0.36 3.87 0.09 13.00 29.13 10.03 208.20 



APPENDIX Ill 

Reflectivities 

Quantitative measurement of the reflectance values of selected samples ot 
tetrahedrite. 
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Reflectlvltles of tetrahedrlte 

Sample No. L 10"3/cm A 

49-274 VERT 400.0 25.000 39.459 0.404 
420.0 23.810 32.218 0.492 
440.0 22.727 32.366 0.490 
460.0 21 .739 32.149 0.493 
480.0 20.833 31.245 0.505 
500.0 20.000 31 .005 0.509 
520.0 19.231 31 .781 0.498 
540.0 18.519 31.512 0.502 
560.0 17.857 30.838 0.511 
580.0 17.241 31 .078 0.508 
600.0 16.667 31.073 0.508 
620.0 16.129 30.225 0.520 
640.0 15.625 30.332 0.518 
660.0 15.152 30.713 0.513 
680.0 14.706 29.817 0.526 
700.0 14.286 31 .027 0.508 

400.0 25.000 30.996 0.509 
420.0 23.810 32.897 0.483 
440.0 22.727 32.502 0.488 
460.0 21 .739 32.601 0.487 
480.0 20.833 33.128 0.480 
500.0 20.000 32.527 0.488 
520.0 19.231 32.293 0.491 
540.0 18.519 32.236 0.492 
560.0 17.857 31 .912 0.496 
580.0 17.241 32.060 0.494 
600.0 16.667 32.470 0.489 
620.0 16.1 29 31 .578 0.501 
640.0 15.625 31.476 0.502 
660.0 15.152 30.582 0.515 
680.0 14.706 30.937 0.510 
700.0 14.286 30.579 0.515 

400.0 25.000 28.835 0.540 
420.0 23.810 33.258 0.478 
440.0 22.727 31.846 0.497 
460.0 21.739 32.041 0.494 
480.0 20.833 32.045 0.494 
500.0 20.000 31.502 0.502 
520.0 19.231 31.645 0.500 
540.0 18.519 31 .635 0.500 
560.0 17.857 31.719 0.499 
580.0 17.241 31.372 0.503 
600.0 16.667 31.029 0.508 
620.0 16.129 31.053 0.508 
640.0 15.625 31.119 0.507 
660.0 15.152 30.201 0.520 
680.0 14.706 30.383 0.517 
700.0 14.286 30.475 0.516 
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Sample No. L 10"3/cm A 

49-274 HORZ 400.0 25.000 26.260 0.549 
420.0 23.610 34.024 0.466 
440.0 22.727 33.022 0.481 
460.0 21 .739 31 .969 0.495 
480.0 20.633 33.175 0.479 
500.0 20.000 32.020 0.495 
520.0 19.231 32.151 0.493 
540.0 16.519 31 .452 0.502 
560.0 17.857 31 .2.22 0.506 
580.0 17.241 31 .133 0.507 
600.0 16.667 31 .099 0.507 
620.0 16.129 30.139 0.521 
640.0 15.625 30.325 0.518 
660.0 15.152 29.930 0.524 
680.0 14.706 29.300 0.533 
700.0 14.286 29.159 0.535 

400.0 25.000 26.574 0.576 
420.0 23.810 32.857 0.463 
440.0 22.727 32.237 0.492 
460.0 21 .739 34.631 0.458 
480.0 20.633 34.908 0.457 
5:l0.0 20.000 33.621 0.473 
520.0 19.231 33.693. 0.472 
540.0 18.519 32.961 0.482 
560.0 17.857 32.654 0.486 
580.0 17.241 31.730 0.499 
600.0 16.667 31 .347 0.504 
620.0 16.129 30.565 0.515 
640.0 15.625 29.285 0.533 
660.0 15.152 29.049 0.537 
660.0 14.706 28.332 0.548 
700.0 14.266 27.979 0.553 

400.0 25.000 26.574 0.576 
420.0 23.610 32.857 0.483 
440.0 22.727 32.237 0.492 
460.0 21 .739 34.631 0.458 
480.0 20.633 34.906 0.457 
500.0 20.000 33.621 0.473 
520.0 19.231 33.693 0.472 
540.0 16.519 32.961 0.482 
560.0 17.857 32.654 0.486 
580.0 17.241 31 .730 0.499 
600.0 16.667 31 .347 0.504 
620.0 16.129 30.565 0.515 
640.0 15.625 29.285 0.533 
660.0 15.152 29.049 0.537 
680.0 14.706 26.332 0.546 
700.0 14.266 27.979 0.553 
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Sample No. L 10"3/cm A 

3-31 7 400.0 25.000 31.560 0.501 
420.0 23.810 33.508 0.475 
440.0 22.727 31 .714 0.499 
460.0 21.739 32.689 0.486 
480.0 20.833 31 .680 0.499 
500.0 20.000 31 .713 0.499 
520.0 19.231 32.050 0.494 
540.0 18.519 31 .510 0.502 
560.0 17.857 31 .889 0.496 
580.0 17.241 31 .507 0.502 
600.0 16.667 31 .709 0.499 
620.0 16. 129 31 .073 0.508 
640.0 15.625 30.624 0.514 
660.0 15.152 30.780 0.512 
680.0 14.706 30.135 0.521 
700.0 14.286 29.951 0.524 

400.0 25.000 27.630 0.559 
420.0 23.810 34.817 0.458 
440.0 22.727 31 .147 0.507 
460.0 21 .739 32.309 0.491 
480.0 20.833 32.153 0.493 
500.0 20.000 31 .895 0.496 
520.0 19.231 31 .765 0.498 
540.0 18.519 31.343 0.504 
560.0 17.857 31.330 0.504 
580.0 17.241 31.368 0.504 
600.0 16.667 31 .203 0.506 
620.0 16.129 30.635 0.514 
640.0 15.625 30.737 0.512 
660.0 15.1 52 30.298 0.519 
680.0 14.706 29.846 0.525 
700.0 14.286 30.264 0.519 

400.0 25.000 28.901 0.539 
420.0 23.810 33.110 0.480 
440.0 22.727 31 .188 0.506 
460.0 21 .739 31.775 0.498 
480.0 20.833 31 .192 0.506 
500.0 20.000 31 .189 0.506 
520.0 19.231 30.898 0.510 
540.0 18.519 31.148 0.507 
560.0 17.857 31 .302 0.504 
580.0 17.241 30.902 0.510 
600.0 16.667 31.155 0.506 
620.0 16.129 30.981 0.509 
640.0 15.625 30.386 0.517 
660.0 15.152 29.745 0.527 
680.0 14.706 29.265 0.534 
700.0 14.286 29.711 0.527 
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Sample No. L 10"3/cm A 

3-317 400.0 25.000 31.233 0.505 
420.0 23.810 35.146 0.454 
440.0 22.727 31.830 0.497 
460.0 21 .739 31.284 0.505 
480.0 20.823 32.589 0.487 
500.0 20.000 31.225 0.505 
520.0 19.231 31.755 0.498 
540.0 18.519 31.391 0.503 
560.0 17.857 31.374 0.503 
580.0 17.241 31 .679 0.499 
600.0 16.667 31 .532 0.501 
620.0 16.129 30.986 0.509 
640.0 15.625 30.836 0.511 
660.0 15.152 30.078 0.522 
680.0 14.706 30.299 0.519 
700.0 14.286 29.846 0.525 

49-284 400.0 25.000 27.287 0.564 
420.0 23.810 29.520 0.530 
440.0 22.727 30.346 0.518 
460.0 21 .739 30.346 0.518 
480.0 20.823 30.450 0.516 
500.0 20.000 29.523 0.530 
520.0 19.231 30.001 0.523 
540.0 18.519 28.964 0.538 
560.0 17.857 29.279 0.533 
580.0 17.241 29.134 0.536 
600.0 16.667 29.166 0.535 
620.0 16.129 28.962 0.538 
640.0 15.625 28.548 0.544 
660.0 15.152 28.024 0.552 
680.0 14.706 27.829 0.556 
700.0 14.286 27.954 0.554 

400.0 25.000 26.486 0.577 
420.0 23.810 29.989 0.523 
440.0 22.727 30.010 0.523 
460.0 21.739 30.376 0.517 
480.0 20.823 30.353 0.518 
500.0 20.000 29.746 0.527 
520.0 19.231 30.202 0.520 
540.0 18.519 29.561 0.529 
560.0 17.857 29.889 0.524 
580.0 17.241 29.951 0.524 
600.0 16.667 29.990 0.523 
620.0 16.129 30.073 0.522 
640.0 15.625 30.252 0.519 
660.0 15.152 29.597 0.529 
680.0 14.706 29.708 0.527 
700.0 14.286 29.749 0.527 
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Sample No. L 10"3/cm A 

3·270 400.0 25.000 29.546 0.529 
420.0 23.810 30.645 0.514 
440.0 22.727 30.597 0.514 
460.0 21 .739 31 .116 0.507 
480.0 20.823 30. 149 0.521 
500.0 20.000 30.321 0.518 
520.0 19.231 30.421 0.517 
540.0 18.519 30.037 0.52.2 
560.0 17.857 30.923 0.510 
580.0 17.241 29.921 0.524 
600.0 16.667 29.790 0.526 
620.0 16. 129 30.162 0.521 
640.0 15.625 29.672 0.528 
660.0 15.152 29.1 09 0.536 
680.0 14.706 29.003 0.538 
700.0 14.286 28.786 0.541 

400.0 25.000 33.265 0.478 
420.0 23.810 31 .251 0.505 
440.0 22.727 31 .065 0.508 
460.0 21.739 30.069 0.522 
480.0 20.823 30.335 0.518 
500.0 20.000 30.760 0.512 
520.0 19.231 29.970 0.523 
540.0 18 .519 29.824 0.525 
560.0 17.857 30.315 0.518 
580.0 17.241 29.808 0.526 
600.0 16.667 29.817 0.526 
620.0 16.129 29.525 0.530 
640.0 15 .625 29.674 0.528 
660.0 15.1 52 29.352 0.532 
680.0 14 .706 29.290 0.533 
700.0 14.286 28.435 0.546 

400.0 25.000 33.918 0.470 
420.0 23.810 29.494 0.530 
440.0 22.727 30.623 0.514 
460.0 21 .739 29.875 0.525 
480.0 20.823 29.119 0.536 
500.0 20.000 29.785 0.526 
520.0 19.231 29.365 0.532 
540.0 18.519 29.438 0.531 
560.0 17.857 29.774 0.526 
580.0 17.241 28.949 0.538 
600.0 16.667 28.934 0.539 
620.0 16.129 29.103 0.536 

"I 640.0 15.625 29.021 0.537 
660.0 15.152 28.165 0.550 
680.0 14.706 28.602 0.544 
700.0 14.286 28.070 0.552 



Sample No. L 10"3/cm A 

3-270 400.0 25.000 33.161 0.479 
420.0 23.810 30.155 0.521 
440.0 22.727 30.149 0.521 
460.0 21 .739 28.816 0.540 
480.0 20.823 29.043 0.537 
500.0 20.000 29.175 0.535 
520.0 19.231 29.325 0.533 
540.0 18.519 29.355 0.532 
560.0 17.857 29.993 0.523 
580.0 17.241 29.244 0.534 
600.0 16.667 29.099 0.536 
620.0 16.129 29.291 0.533 
640.0 15.625 28.886 0.539 
660.0 15.152 28.599 0.544 
680.0 14.706 28.053 0.552 
700.0 14.286 27.596 0.559 

3-165 400.0 25.000 33.335 0.477 
420.0 23.810 33.736 0.472 
440.0 22.727 31 .965 0.495 
460.0 21.739 31 .292 0.505 
480.0 20.823 31 .137 0.507 
500.0 20.000 30.943 0.509 
520.0 19.231 31.123 0.507 
540.0 18.519 30.718 0.513 
560.0 17.857 31 .310 0.504 
580.0 17.241 30.486 0.516 
600.0 16.667 30.582 0.515 
620.0 16.129 30.297 0.519 
640.0 15.625 30.588 0.514 
660.0 15.152 29.703 0.527 
680.0 14.706 29.800 0.526 
700.0 14.286 29.203 0.535 

400.0 25.000 34.567 0.461 
420.0 23.810 32.338 0.490 
440.0 22.727 31 .399 0.503 
460.0 21 .739 31.348 0.504 
480.0 20.823 30.514 0.515 
500.0 20.000 31 .1 64 0.506 
520.0 19.231 30.767 0.512 
540.0 18.519 31.197 0.506 
560.0 17.857 30.931 0.510 
580.0 17.241 30.983 0.509 
600.0 16.667 30.504 0.516 
620.0 16.129 30.419 0.517 
640.0 15.625 30.649 0.514 
660.0 15.152 29.564 0.529 
680.0 14.706 29.381 0.532 
700.0 14.286 29.455 0.531 



Sample No. L 10"3/cm A 

3-165 400.0 25.000 29.201 0.535 
420.0 23.810 29.662 0.528 
440.0 22.727 29.837 0.525 
460.0 21.739 29.255 0.534 
480.0 20.823 28.918 0.539 
500.0 20.000 28.979 0.538 
520.0 19.231 28.630 0.543 
540.0 18.519 28.535 0.545 
560.0 17.857 28.865 0.540 
580.0 17.241 28.523 0.545 
600.0 16.667 28.676 0.542 
620.0 16.129 28.648 0.543 
640.0 15.625 28.467 0.546 
660.0 15.152 27.963 0.553 
680.0 14.706 27.720 0.557 
700.0 14 .286 27.890 0.555 

400.0 25.000 31.140 0.507 
420.0 23.810 31 .244 0.505 
440.0 22.727 31.487 0.502 
460.0 21 .739 29.980 0.523 
480.0 20.823 28.782 0.541 
500.0 20.000 29.202 0.535 
520.0 19.231 28.806 0.541 
540.0 18.519 29.155 0.535 
560.0 17.857 29.272 0.534 
580.0 17.241 28.584 0.544 
600.0 16.667 28.553 0.544 
620.0 16.129 28.756 0.541 
640.0 15.625 29.089 0.536 
660.0 15.152 28.532 0.545 
680.0 14.706 27.886 0.555 
700.0 14.286 27.309 0.564 

3-222.5 400.0 25.000 31 .545 0.501 
420.0 23.810 31.220 0.506 
440.0 22.727 30.278 0.519 
460.0 21.739 30.516 0.515 
480.0 20.823 30.112 0.521 
500.0 20.000 30.352 0.518 
520.0 19.231 30.524 0.515 
540.0 18.519 30.201 0.520 
560.0 17.857 30.586 0.514 
580.0 17.241 29.470 0.531 
600.0 16.667 30.139 0.521 
620.0 16.129 29.472 0.531 , 640.0 15.625 29.524 0.530 
660.0 15.152 29.148 0.535 
680.0 14.706 29.165 0.535 
700.0 14.286 28.674 0.543 
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Sample No. L 10"3/cm A 

3-222.5 400.0 25.000 30.715 0.513 
420.0 23.810 28.736 0.542 
440.0 22.727 30.295 0.519 
460.0 21.739 30.123 0.521 
480.0 20.823 30.721 0.513 
500.0 20.000 30.855 0.511 
520.0 19.231 30.091 0.522 
540.0 18.519 30.319 0.518 
560.0 17.857 30.523 0.515 
580.0 17.241 29.683 0.527 
600.0 16.667 29.670 0.528 
620.0 16.129 29.786 0.526 
640.0 15.625 29.494 0.530 
660.0 15.152 29.066 0.537 
680.0 14.706 28.675 0.542 
700.0 14.286 28.348 0.547 

400.0 25.000 32.296 0.491 
420.0 23.810 32.458 0.489 
440.0 22.727 32.546 0.488 
460.0 21.739 31 .672 0.499 
480.0 20.823 30.818 0.511 
500.0 20.000 30.860 0.511 
520.0 19.231 31 .097 0.507 
540.0 18.519 30.331 0.518 
560.0 17.857 31 .308 0.504 
580.0 17.241 30.404 0.517 
600.0 16.667 30.525 0.515 
620.0 16.129 30.585 0.514 
640.0 15.625 30.288 0.519 
660.0 15.152 30.111 0.521 
680.0 14.706 29.879 0.525 
700.0 14.286 29.632 0.528 

400.0 25.000 33.233 0.478 
420.0 23.810 32.530 0.488 
440.0 2.2 .727 32.190 0.492 
460.0 21.739 31.035 0.508 
480.0 20.823 31 .050 0.508 
500.0 20.000 30.761 0.512 
520.0 19.231 31 .087 0.507 
540.0 18.519 31.215 0.506 
560.0 17.857 31.452 0.502 
580.0 17.241 30.597 0.514 
600.0 16.667 30.573 0.515 
620.0 16.129 30.319 0.518 
640.0 15.625 30.531 0.515 
660.0 15.152 30.077 0.522 
680.0 14.706 29.471 0.531 
700.0 14.286 29. 152 0.535 



Sample No. L 10"3/cm A 

3·222.5 400.0 25.000 28.730 0.542 
420.0 23.810 27.232 0.565 
440.0 22.727 29.026 0.537 
460.0 21 .739 27.469 0.561 
480.0 20.823 28.094 0.551 
500.0 20.000 27.956 0.554 
520.0 19.231 28.068 0.552 
540.0 18.519 27.760 0.557 
560.0 17.857 28.267 0.549 
580.0 17.241 27.917 0.554 
600.0 16.667 27.533 0.560 
620.0 16.129 27.969 0.553 
640.0 15.625 27.054 0.568 
660.0 15.1 52 26.734 0.573 
680.0 14.706 26.639 0.574 
700.0 14.286 27.018 0.568 

400.0 25.000 28.815 0.540 
420.0 23.810 27.748 0.557 
440.0 22.727 28.366 0.547 
460.0 21.739 28.522 0.545 
480.0 20.823 28.159 0.550 
500.0 20.000 28.383 0.547 
520.0 19.231 28.130 0.551 
540.0 18.519 28.362 0.547 
560.0 17.857 28.745 0.541 
580.0 17.241 28.427 0.546 
600.0 16.667 28.060 0.552 
620.0 16.129 28.115 0.551 
640.0 15.625 27.452 0.561 
660.0 15.152 27.038 0.568 
680.0 14.706 26.932 0.570 
700.0 14.286 25.744 0.589 

400.0 25.000 33.252 0.478 
420.0 23.810 31 .872 0.497 
440.0 22.727 30.187 0.520 
460.0 21.739 30.308 0.518 
480.0 20.823 29.824 0.525 
500.0 20.000 29.827 0.525 
520.0 19.231 30.264 0.519 
540.0 18.519 30.336 0.518 
560.0 17.857 30.847 0.511 
580.0 17.241 30.175 0.520 
600.0 16.667 30.012 0.523 
620.0 16.129 30.327 0.518 

'I 640.0 15.625 30.449 0.516 
660.0 15.152 29.995 0.523 
680.0 14.706 30.076 0.522 
700.0 14.286 29.496 0.530 



Sample No. L 10"3/c m A 

3-222.5 400.0 25.000 31.819 0.497 
420.0 23.810 30.021 0.523 
440.0 22.727 32.1 89 0.492 
460.0 21.739 30.983 0.509 
480.0 20.823 31.131 0.507 
500.0 20.000 30.616 0.514 
520.0 19.231 30.083 0.522 
540.0 18.519 30.236 0.519 
560.0 17.857 30.333 0.518 
580.0 17.241 30.291 0.519 
600.0 16.667 30.300 0.519 
620.0 16.1 29 30.333 0.518 
640.0 15.625 30.168 0.520 
660.0 15.152 29.402 0.532 
680.0 14.706 29.572 0.529 
700.0 14.286 29.215 0.534 

49-240 400.0 25.000 31 .554 0.501 
420.0 23.810 31.302 0.504 
440.0 22.727 31 .891 0.496 
460.0 21 .739 29.727 0.527 
480.0 20.823 29.986 0.523 
500.0 20.000 30.1 11 0.521 
520.0 19.231 30.351 0.518 
540.0 18.519 29.727 0.527 
560.0 17.857 30.169 0.520 
580.0 17.241 30.031 0.522 
600.0 16.667 29.911 0.524 
620.0 16.129 29.759 0.526 
640.0 15.625 29.874 0.525 
660.0 15.152 28.752 0.541 
680.0 14.706 28.629 0.543 
700.0 14.286 28.335 0.548 

400.0 25.000 31.491 0.502 
420.0 23.810 31 .647 0.500 
440.0 22.727 29.937 0.524 
460.0 21 .739 29.951 0.524 
480.0 20.823 29.518 0.530 
500.0 20.000 30.118 0.521 
520.0 19.231 29.253 0.534 
540.0 18.519 29.323 0.533 
560.0 17.857 29.561 0.529 
580.0 17.241 29.406 0.532 
600.0 16.667 29.193 0.535 
620.0 16.129 29.439 0.531 
640.0 15.625 29.290 0.533 
660.0 15.152 28.307 0.548 
680.0 14.706 28.384 0.547 
700.0 14.286 27.829 0.555 
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Sample No. L 10"3/cm A 

49-137 400.0 25.000 25.538 0.593 
420.0 23.810 25.396 0.595 
440.0 22.727 27.440 0.562 
460.0 21.739 28.438 0.546 
480.0 20.823 28.510 0.545 
500.0 20.000 29.002 0.538 
520.0 19.231 28.351 0.547 
540.0 18.519 28.406 0.547 
560.0 17.857 28.758 0.541 
580.0 17.241 27.923 0.554 
600.0 16.667 27.196 0.565 
620.0 16.129 26.796 0.572 
640.0 15.625 26.186 0.582 
660.0 15.152 25.377 0.596 
680.0 14.706 25.347 0.596 
700.0 14.286 24.686 0.608 

400.0 25.000 24.909 0.604 
420.0 23.810 26.759 0.573 
440.0 22.727 28.1 17 0.551 
460.0 21 .739 27.588 0.559 
480.0 20.823 27.531 0.560 
500.0 20.000 27.724 0.557 
520.0 19.231 27.613 0.559 
540.0 18.519 27.702 0.557 
560.0 17.857 27.190 0.566 
580.0 17.241 27.423 0.562 
600.0 16.667 26.864 0.571 
620.0 16.129 26.693 0.574 
640.0 15.625 26.084 0.584 
660.0 15.152 25.196 0.599 
680.0 14.706 24.800 0.606 
700.0 14.286 23.422 0.630 
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APPENDIX IV 

SPHALERITE ANALYSES 

Values are quoted in mole% FeS in sphalerite. 
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Sphalerite Analyses 

Sample no. Sulfide Sphalerite comp. Pyrrhotite phases 
assemblage mole % FeS 

3-219 sp,po 

11 .94 mpo 

11.41 

11.75 

13.64 

11 .30 

3-285 sp,po 

10.56 hpo 

11 .35 

13.56 

12.23 

11 .66 

49-240 sp,po 

11.84 hpo 

11 .86 

11.50 

11.85 

11.79 

49-190 sp,po 

11 .03 mpo 

10.28 

11.42 

11 .39 

11 .83 

49-279 sp,po,py 

11 .67 mpo 

12.14 

12.04 

10.96 

12.18 



Sample no. 

49-387 

49-431 

3-243 

3-360 

Sulfide Sphalerlte comp. 
assemblage mole % FeS 

sp,po,py 

sp,po,py 

sp,po,py 

sp,po,py 

12.02 

12.44 

11.98 

11.28 

11.73 

12.32 

12.74 

13.26 

11.97 

12.55 

13.33 

13.60 

13.20 

13.07 

12.15 

12.48 

12.01 

12.35 

12.14 

12.57 
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Pyrrhotite phases 

hpo 

hpo 

hpo 

hpo 



Sample no. Sulfide Sphalerite comp. Pyrrhotite phases 
assemblage mole % FeS 

49-392 sp,po,py 
10.62 hpo 

10.17 

11.18 

11.66 

11.56 

49-317 sp,py 

12.08 

12.27 

12.72 

12.63 

12.51 
49-373 sp,py 

12.53 
12.62 

12.53 

12.41 

12.28 

3-150 sp,py 

12.05 

12.23 

12.07 

11.62 

11.77 

3-330 sp,py 

8.73 

8.95 

8.68 

9.09 

10.05 
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Sample no. Sulfide Sphalerite comp. Pyrrhotite phases 
assemblage mole % FeS 

49-142 sp,py 
6.67 

6.60 

6.35 
6.98 

6.78 
3-270 sp,py 

8.81 
8.49 

8.96 
9.12 

9.03 
49-166 sp,py 

7.98 

8.21 

7.83 

8.53 

7.78 
3-198.5 sp,py 

9.18 

9.17 

8.84 

8.99 

8.96 
49-226 sp.encl. in PY 

12.75 

13.03 

12.15 

11.39 

12.36 



Sample no. 

49-373 

3-150 

3-330 

3-270 

3-198.5 

Sulfide 
assemblage 

sp.encl. in PY 

sp.encl. in py 

sp.encl. in py 

sp.encl. in py 

sp.encl. in py 

Sphalerite comp. 
mole % FeS 

12.38 

13.15 

12.02 

12.88 

12.91 

13.37 

13.31 

13.21 

12.57 

14.29 

10.41 

10.16 

9.86 

9.81 

10.63 

9.35 

9.59 

9.47 

9.29 

9.29 

8.78 

9.05 

9.11 

9.29 

9.82 

Pyrrhotite phases 



APPENDIX V 

Frequency distribution of Mattabi ore minerals with respect to depth fr.om 

diamond drill holes 3 and 49. 



DOH 3: Frequency distribution of Mattabl ore minerals w ith respect to depth 

Depth (m) PY sp cp gn po apy mk tet mt hm 11 r t bn cc Id 
125 x x x 
130 x x x 
135 x x x 
140 x x x x 
150 x x x x 
155 x x x x x 
1 5 9 x x x x x 
1 6 5 x x x x x 
170 x x x x x x 
174 x x x x x 
179 x x x 
184 x x x 
189 x x 
194 x 

19 8 . 5 x x x x 
204 x x x x 
209 x x 
2 1 4 x x. x x x 
219 x x x x x x 

222. 5 x x x x x 
228 x x x x x x 
233 x x x 
238 x x x x x 
243 x x x x 
254 x x x x x 
259 x x x x x 
264 x x x x x x 
270 x x x x x 
275 x x x x x 
285 x x x x x x x x 
290 x x x x 
295 x x x x 

299. 5 x x x x 
305 x x x x x 

3 09. 5 x x x 
314 x x x x 
317 x x x x x x x 
31 9 x x x x x x 
325 x x x x x 
330 x x x x x x 
335 x x 
340 x x 
345 x x x x x x 
350 x x x x x x 
355 x x x x x x 
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Depth (m) PY SP CP cin PO apv mk tet m t hm II r t bn cc I d 

360 x x x x x x x x 
365 x x x x x x 
370 x x x x x x 
375 x x x 
380 x x x 
389 x x x 
394 x x x x x 
400 x x x x x 
410 x x x x x x 
415 x x x x x 
420 x x x x x x 
461 x x x x 
470 x x x x 
481 x x x x x x x 
491 x x x x 
5 1 6 x x x x x x 
524 x x 
536 x x. x x 
544 x x x x 
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OOH 49: Frequency d istribution of Mattab l ore minera ls with respect to depth . 

Depth (m) PY SP CP an po apy mk t e t m t hm 11 r t bn Id ot h e r 
132 x x x x x x 
133 x x x x x 
137 x x x x x 
142 x x x x x x x 
147 x x x x x 
152 x x x x 
157 x x x x 
160 x 
162 x x x x x 
166 x x x x x x 
170 x x x x x x 
177 x x x x 
180 x x x 
184 x x x x 
190 x x x x 
195 x x 
200 x x 
205 x x x x x 
2 1 1 x x x x 
2 1 6 x x x x 
22 1 x x x x 
226 x x x x 
23 1 x x x x x 
235 x x x x 
240 x x x x x 
245 x x x x x 
250 x x x x x 
2 6 2 x x x 
269 x x x x 
274 x x x x 
279 x x x x x x x 
284 x x x x x 
289 x x 
294 x x 
299 x x x x 
304 x x x 
31 3 x x x x 
323 x x x x x 
328 x x x x 
333 x x 
338 x x x x 
343 x x x 
348 x x x x 
353 x x x x 
358 x x x x 



Depth (m) P Y SP c p g n po apy m k t e t mt h m II r t bn I d oth e r 

3 63 x x x x 
368 x x x 
3 7 3 x x x x x x 
378 x x x x x x 
383 x x x 
387 x x x x x x x x 
392 x x x x x 
39 7 x x x x 
4 02 x x x 
40 6 x x x x 
4 11 x x x 
4 1 6 x x x 
42 1 x x x x 
426 x x x x 
4 31 x x x x x 
436 x x x x x 
4 41 x x x x x x 
446 x x x x x x 
45 1 x x x x 
455 x x x x 
460 x x x x x 
4 70 x x x x x 
480 x x x x 



APPENDIX VI 

SAMPLE PREPARATION 

The polished microprobe sections were prepared as follows: 

1) Sectioning was performed with a diamond cut- off wheel to reduce the 

parent sample to a workable and representative piece. 

2) Rough grinding was performed on a rotating lap with a fixed or loose 

abrasive to produce a flat, smooth surface free from deformation. 

3) Cementing the "chip" to the glass slide was performed on a No. 30-8010 

AB slide warmer by. petropoxy or araldite epoxy to hold the chip to the 

slide. 

4) Resectioning was performed on an Ingram cut-offf saw to remove 

excess material prior to coarse- finish grinding on an Ingram thin grinder 

with a diamond impregnated wheel, to approximately 50 microns. Fine 

fin ishing was accomplished by hand on a glass plate with 600 grit silicon 

carbide, followed by 5 micron alumina. The edges of the slides were beveled 

on silicon carbide paper on a cast iron lap to smoothen the edges to improve 

the transit of the sections on the polishing machine. The sections were then 

polished on cloth laps with diamond powder and oil. However, these sections 

had problems with lead adhering to small pits on the surface of the 

sections. This is not apparent in ordinary microscopy but is obvious on the 

scanning electron microscope (SEM) when the sections are greatly 

magnified. 
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