
VII

CONTENTS

Preface and Acknowledgements V

Chapter 1. Introduction 1

1.1 General background 1

References 3

Chapter 2. Metallogenic provinces 5

2.1 Distribution 5

2.2 Classif icat ion of provinces and province analysis 10

2.3 Plate tectonics and t in provinces 32

References 40

Chapter 3. Primary t in deposits 45

3.1 Classif icat ion of deposits 45

3.2 Deposits associated with t e r r e s t r i a l acid lava flows 49

3.3 Deposits associated with subvolcanic regions 49

3.4 Deposits associated with passive and/or ba tho l i th ic

magmatic environments 56

3.5 Deposits associated with granitoids of deep subvolcanic

character 63

3.6 Deposits associated with anorogenic grani tes 67

3.7 Precambrian pegmatite s ty le 69

3.8 Bushveld province 72

References 74

Chapter 4. Tin in the geochemical cycle 77

4.1 Tin d is t r ibut ion 77

References 84

Chapter 5 . The rela t ionship between granitoids and t i n concentration 87

5.1 Major element spec ia l i sa t ion 87

5.2 Trace element specia l i sa t ion 88

5.3 Tin dis t r ibut ion and concentration mechanisms in the

igneous environment 102

References 115

Chapter 6. Some signif icant geological features of t in deposits and

the i r application in search techniques 119

6.1 Dis t r i c t analysis - general 119

6.2 Zoning 128

6.3 Vein analysis 141

6.4 Pipes 166



VIII

6.5 Alteration environments 173

Local al terat ion effects ( i . e . adjacent to fractures,

veins, pipes, e tc . ) 174

Broad scale al teration effects ( i . e . apogranite environ-

ments) . Greisenisation and feldspathisation 182

Argill isation and tourmalinisation 200

Alteration effects (and deposits) associated with Ca-rlch

rocks 203

Magnetite rich (iron oxide) types of skam 207

Sulphide rich types of skarn 209

Alteration as a source of tin 210

6.6 Geochemical prospecting 213

References 232

Chapter 7. Observations on large low grade tin ores 241

7.1 General 241

7.2 Target scale and exist ing low grade deposits 243

7.3 Tonnage-grade curves of various deposit types 247

7.4 Greisen environment 254

7.5 Cupola detection 254

7.6 Porphyry tin deposits 259

References 261

Chapter 8. Economic and management considerations 263

8.1 Exploration philosophy 263

8.2 Dril l ing, sampling and estimation of reserves 264

Drilling and sampling 264

Assaying 267

Estimation of ore reserves 273

8.3 Metallurgical problems 273

References 287

Chapter 9. Aspects of secondary deposits 289

9.1 General 289

9.2 Prospecting philosophy and approaches 289

9.3 Distribution plots 297

9.4 Geophysical aids 299

9.5 Testing and evaluation 300

Problem 1 . Irregular distribution of values 303

Problem 2. Mechanical errors associated with the dr i l l ing

process 305

Problem 3. Tin content of sample 313

References 316



IX

Chapter 10. The mineralogy and aspects of the crystal chemistry

of tin (by C. Cuff with contributions by R.G. Taylor) 321

10.1 Introduction 321

10.2 Tin (II) bonding 321

10.3 Tin (IV) bonding 325

10.4 Catenation 326

10.5 Mössbauer studies 326

Tin (II) compounds 327

Tin (IV) compounds 327

10.6 The system Sn 330

10.7 Tin-sulphur systems 334

The system Sn-S-0 342

Systems including Pb, Sb, Sn and S 348

Pb-Sn-Sb-S systems 351

The system Pb-Sn-Sb-S-H2O 353

Cylindrite, inca i te , franckeite 354

Systems containing Cu-Fe-Zn-Sn-S 362

The system Cu-SnS.-CujZnSnS, (Kesterite) 367

Stannite-stannoidite (hexastaimite)-niawsonite-rhodostannite-

lsostannite 368

Additional sulphides containing tin 373

10.8 Varlamoffite 375

Other oxidation products of stannite 379

10.9 Tin-tantalum-niobium minerals 381

I x i o l i t e , pseudoixiolite, olovotantalite and wodginite 381

Other Sn-Ta-Nb minerals 386

10.10 Nigerite 388

10.11 Spinels 389

10.12 Systems containing Pd-Pt-Sn 391

10.13 Tin s i l i ca t e minerals 398

Malayaite 398

Stokesite 401

10.14 Other s i l i ca te minerals with high tin content 404

10.15 Tin rich borates 406

Vonsenite (Breislakite, paigeite) - Ludwigite 409

10.16 Tin-oxygen systems 410

SnO2 (Cassiterite) 413

References 438



Chapter 11. Transport of t in in the formation of ore deposits 469

(by C. Cuff with minor contributions from R.G. Taylor)

11.1 Introduction 469

11.2 Chemical transport of t i n 469

11.3 Concentration in magmatic processes 470

Selective diffusion 471

Crystallochemical enrichment/"transport" 472

Orthomagmatic cass i t e r i t e 474

Enrichment in specific primary magmatic mineral phases 475

Tin in the mantle 475

11.4 Concentration and transportation processes associated

with fluids other than s i l i c a t e melts ( i . e . aqueous

f luids , vapours e t c . ) 475

References 485

Appendix 1 - Notes on selected t in provinces 491

Mexico 491

Bolivia (South America) 492

Maly Khingan (Lesser Khingan, Lesser Hingan) 493

Miao-Chang (Komsomol'sk d i s t r i c t , Amur) 494

Southern Maritime Territory (Primorye, Sikhote-Alin,

Kavalerovsk area - U.S.S.R.) 495

Cornwall (United Kingdom) 496

Chukotka (U.S.S.R.) 496

Herberton - Mount Garnet, Australia 498

East Kazakstan (U.S.S.R.) 498

New England (New South Wales, Australia) 499

North West Tasmania (Australia) 500

Yakutia (Yana-Kolmya, Verkhoyansk including Okhotsk) 501

Cooktown (Australia) 502

Erzgebirge (Czechoslovakia and German Democratic Republic) 503

North East Tasmania (Blue Tier - Aberfoyle, Australia) 504

South East Asia (Thailand, Malaysia, Indonesia) 504

Nigeria (Africa) 506

Brazil (Rhondonia and Amapa) 506

Central Africa (Katanga-Ruanda-Urundi-Tanganyika) 507

Pilbara (West Australia) 508

Swaziland (Africa) 509

Southern Rhodesia - Zambia (Bikita region - S.Rhodesia,

Kamativi region - S.Rhodesia, Chomo region - Zambia) 509
Bushveld (South Africa) 510



XI

Appendix 2 - Naturally occurring tin bearing minerals 512

Appendix 3 - Tin deposits in the U.S.S.R. 514

Author Index 515

Subject Index "̂ 30


