IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Chapter 9

REFERENCES

Adam K., Iwasaki I. 1984. Grinding media-sulfide mineral interaction and its effect on flotation.
In: PR Richardson, SS Srinivasan and R Woods (eds.) Electrochemistry in Mineral and Metal
Processing. pp. 66-80. (ECS: Pennington, NJ, USA).

Adkins S.J., Pearse M.J. 1992. The influences of collector chemistry on kinetics and selectivity
in base-metal sulphide flotation. Minerals Engineering 5: 295-310.

African Oxygen Limited (Afrox). 2008. RN in Flotation. Patent: 2008/09676. South Africa.

Allison S.A., Goold L.A., Nicol M.J., Granville A. 1972. A determination of the products of
reaction between various sulfide minerals and aqueous xanthate solution, and a correlation of the
products with electrode rest potentials. Metallurgical Transactions 3: 2513-2618.

Almeida C.M.V.B., Giannetti B.F. 2003. The electrochemical behaviour of pyrite-pyrrhotite
mixtures. Journal of Electroanalytical Chemistry 553: 27-34.

Arnold R.G. 1967. Range in composition and structure of 82 natural terrestrial pyrrhotites.
Canadian Mineralogist: 31-50.

Arnold R.G., Reichen L.E. 1962. Measurement of the metal content of naturally occurring,
metal-deficient, hexagonal pyrrhotite by an x-ray spacing method. American Mineralogist 47:
105-111.

Ballhaus C., Sylvester P.J. 2000. Noble metal enrichment processes in the Merensky Reef,
Bushveld Complex. Journal of Petrology 41: 545-561.

Ballhaus C., Ulmer P. 1995. Platinum-group elements in the Merensky Reef: II. Experimental
solubilities of platinum and palladium in Fe; S from 950 to 450°C under controlled fS, and fH,.
Geochimica et Cosmochimica Acta 59: 4881-4888.

Batt A.P. 1972. Nickel distribution in hexagonal and monoclinic pyrrhotite. Canadian
Mineralogist 11: 892-897.

Baum W., Lotter N.O., Whittaker P.J. 2006. Process Mineralogy - A new generation for ore
characterisation and plant optimization. Paper presented at SME Annual Meeting, Colorado.

Becker M., Mainza A.M., Powell M.S., Bradshaw D.J., Knopjes B. 2008. Quantifying the

influence of classification with the 3-product cyclone on liberation and recovery of PGMs in
UG?2 ore. Minerals Engineering 21: 549-558.

239



IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Chapter 9: References

Becker M., Kitenge J.K., Bradshaw D.J. 2005. The relationship between Reactivity Number™
and flotation for a pyrrhotite rich ore. University of Cape Town, Cape Town.

Belzile N., Chen Y.-W., Cai M.-F., Li Y. 2004. A review of pyrrhotite oxidation. Journal of
Geochemical Exploration 84: 65-76.

Bertaut P.E.F. 1953. Contribution a I'Etude des Structures Lacunaires: La pyrrhotine. Acta
Crystallographica 6: 557-561.

Bitter F. 1932. Experiments on the nature of ferromagnetism. Physical Review 41: 507-515.

Bojcevski D., Vink L., Johnson N.W., Landmark V., Johnston M., Mackenzie J., Young M.F.
1998. Metallurgical characterization of George Fisher ore textures and implications for Mineral
Processing. In: Mine to Mill. pp. 29-41. (AusIMM: Brisbane).

Botha P.W.S.K., Butcher A.R. 2008. Mapping of magnetic and non-magnetic pyrrhotite using
novel QEMSCAN® backscattered electron brightness contrast settings. Intellection, Brisbane.

Bozkurt V., Xu Z., Finch J.A. 1998. Pentlandite / pyrrhotite interaction and xanthate adsorption.
International Journal of Mineral Processing 52: 203-214.

Brady J.B. 1987. Coarsening of fine-scale exsolution lamellac. American Mineralogist 72: 697-
706.

Bradshaw D.J., O'Connor C.T. 1996. Measurement of the sub-process of bubble loading in
flotation. Minerals Engineering 9: 443-448.

Brough C. 2008. An investigation into the process mineralogy of the Merensky Reef at Northam
Platinum Limited. MSc thesis, University of Cape Town.

Brown M., Dinham P. 2006. Benchmark quality investigation on automated mineralogy: A
discussion of some preliminary data. Paper presented at MEI Automated Mineralogy 07,
Brisbane.

Buckley A.N., Woods R. 1985. X-ray photoelectron spectroscopy of oxidized pyrrhotite
surfaces. 1 Exposure in air. Applications of Surface Science 22/23: 280-287.

Bullock E.S., Gounelle M., Lauretta D.S., Grady M.M., Russell S.S. 2005. Mineralogy and
texture of Fe-Ni sulfides in CI1 chondrites: Clues to the extent of aqueous alteration on the CI1
parent body. Geochimica et Cosmochimica Acta 69: 2687-2700.

Burdukova E., Becker M., Ndlovu B., Mokgethi D., Deglon D. 2008. Relationship between
slurry rheology and its mineralogical content. In: 24th International Mineral Processing
Congress. pp. 2169-2178. (Science Press: Beijing).

Bushell C. 2005. Mineralogical characterisation of Merensky Reef pyrrhotite. Mintek,
Johannesburg.

240



IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Chapter 9: References

Buswell A.M., Bradshaw D.J., Harris P.J., Ekmekci Z. 2002. The use of electrochemical
measurements in the flotation of a platinum group minerals (PGM) bearing ore. Minerals
Engineering 15: 395-404.

Buswell A.M., Nicol M.J. 2002. Some aspects of the electrochemistry of the flotation of
pyrrhotite. Journal of Applied Electrochemistry 32: 1321-1329.

Cabri L.J., Rudashevsky N.S., Rudashevsky V.N. 2008. Current approaches for the process
mineralogy of platinum group element ores and tailings. In: 9th International Congress for
Applied Mineralogy. pp. 9-17. (AusIMM: Brisbane).

Cabri L.J., Sylvester P.J., Tubrett M.N., Peregoedova A., LaFlamme J.H.G. 2003. Comparison
of LAM-ICP-MS and micro-pixe results for palladium and rhodium in selected samples of
Noril'sk and Talnakh sulfides. Canadian Mineralogist 41: 321-329.

Carpenter R.H., Bailey A.C. 1973. Application of Ro and Ar measurements to the study of
pyrrhotite and troilite. American Mineralogist 58: 440-443.

Carpenter R.H., Desborough G.A. 1964. Range in solid solution and structure of naturally
occurring troilite and pyrrhotite. American Mineralogist 49: 1350-1365.

Cawthorn R.G. 1999. The platinum and palladium resources of the Bushveld Complex. South
African Journal of Science 95: 481-4809.

Cawthorn R.G., Lee C.A., Schouwstra R.P., Mellowship P. 2002. Relationship between PGE
and PGM in the Bushveld Complex. Canadian Mineralogist 40: 311-328.

Chandra A.P., Gerson A.R. 2009. A review of the fundamental studies of the copper activation
mechanisms for selective flotation of the sulfide minerals, sphalerite and pyrite. Advances in
Colloid and Interface Science 145: 97-110.

Chanturia V.A., Makarov V., Forsling W., Makarov D., Vasil'eva T., Trofimenko T., Kuznetsov
V. 2004. The effect of crystallochemical peculiarities of nickel sulphide minerals on flotation of
copper-nickel ore. International Journal of Mineral Processing 74: 289-301.

Charland A., Kormos L., Whittaker P., Arrue-Canales C., Fragomeni D., Lotter N., Mackey P.,
Anes J. 2006. A case study for integrated use of automated mineralogy in plant optimization:
The Falconbridge Montcalm Concentrator. Paper presented at MEI Automated Mineralogy,
Brisbane.

Cheng X., Iwasaki I., Smith K.A. 1994. An electrochemical study on cathodic decomposition
behaviour of pyrrhotite in deoxygenated solutions. Minerals and Metallurgical Processing 11:
160-167.

Cheng X., Iwasaki I. 1992. Effect of chalcopyrite and pyrrhotite interaction on flotation
separation. Minerals and Metallurgical Processing 9: 73-79.

Chirita P., Descostes M., Schlegel M.L. 2008. Oxidation of FeS by oxygen-bearing acidic
solutions. Journal of Colloid and Interface Science 321: 84-95.

241



IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Chapter 9: References

Clark A.H. 1966. Stability field of monoclinic pyrrhotite. Transactions AIME B232: 278-280.

Craig J.R., Vaughan D.J. 1981. Ore microscopy and ore petrography. John Wiley and Sons:
New York.

Crockett J.H., Fleet M.E., Stone W.E. 1997. Implications of composition for experimental
partitioning of platinum-group elements and gold between sulfide liquid and basalt melt: The
significance of nickel content. Geochimica et Cosmochimica Acta 61: 4139-4149.

Cruz R., Gonzalez 1., Monroy M. 2005. Electrochemical characterization of pyrrhotite reactivity
under simulated weathering conditions. Applied Geochemistry 20: 109-121.

Desborough G.A., Carpenter R.H. 1965. Phase relations of pyrrhotite. Economic Geology 60:
1431-1450.

De Villiers J.P.R., Liles D., Becker M. In Prep. The crystal structure of a naturally occurring 4C
pyrrhotite from the Merensky Reef, its chemistry and vacancy distribution.

De Villiers J.P.R., Liles D., Becker M. Submitted. The crystal structure of a naturally occurring
5C pyrrhotite from Sudbury, its chemistry and vacancy distribution. American Mineralogist.

De Villiers J.P.R., Verryn S. 2008. Modern x-ray diffraction methods for process optimization
in the minerals industry - Case studies. In: 9th International Congress of Applied Mineralogy.
pp. 265-276. (AusIMM: Brisbane).

Eales H.V., Cawthorn R.G. 1996. The Bushveld Complex. In: RG Cawthorn (ed.) Layered
Intrusions. pp. 181-229. (Elsevier: Amsterdam).

Ekmekci Z. 2008. Electrochemistry in sulphide mineral flotation. Electrochemistry Course
Notes.

Ekmekci Z., Becker M., Bagki Tekes E., Bradshaw D.J. The relationship between pyrrhotite
mineralogy and electrochemistry. Submitted for presentation at the 83" ACS Colloid and
Surface Science Symposium, New York.

Ekmekci Z., Bradshaw D.J., Harris P.J., Aslan A., Hassoy H. 2003. The value and limitations of
electrochemical measurements in sulphide mineral flotation. In: FM Doyle, GH Kelsall and R
Woods (eds.) Electrochemistry in Mineral and Metal Processing. pp. 1-13. (ECS: Pennington,
NJ, USA).

Ekmekeci Z., Demirel H. 1997. Effects of galvanic interaction on collectorless flotation
behaviour of chalcopyrite and pyrite. International Journal of Mineral Processing 52: 31-48.

Evans H.T. 1970. Lunar troilite: Crystallography. Nature 30: 621-623.

Fandrich R., Gu Y., Burrows D., Moeller K. 2007. Modern SEM-based mineral liberation
analysis. International Journal of Mineral Processing 84: 310-320.

Farquhar J. 1986. The Western Platinum Mine. In: CR Annhaeusser and S Maske (eds.) Mineral
Deposits of Southern Africa. pp. 1135-1142. (GSSA: Johannesburg).

242



IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Chapter 9: References

Farrow C.E.G., Lightfoot P.C. 2002. Sudbury PGE revisited: Toward an integrated model. In:
LJ Cabri (ed.) The Geology, Geochemistry, Mineralogy and Mineral Beneficiation of the
Platinum Group Elements. pp. 273-297. (CIM: Montreal).

Finkelstein N.P. 1997. The activation of sulphide minerals for flotation: A review. International
Journal of Mineral Processing 52: 81-120.

Fleet M.E. 1971. The crystal structure of a pyrrhotite (Fe;Sg). Acta Crystallographica B27:
1864-1867.

Fleet M.E. 2006. Phase equilibria at high temperatures. In: DJ Vaughan (ed.) Sulfide Mineralogy
and Geochemistry. pp. 365-419. (MSA: Washington DC, USA).

Fornasiero D., Montalti M., Ralston J. 1995. Kinetics of adsorption of ethyl xanthate on
pyrrhotite: In-situ UV and infrared spectroscopic studies. Journal of Colloid and Interface
Science 172: 467-478.

Francis C.A., Craig J.R. 1976. Pyrrhotite: the nA (or 2A, 3C) superstructure reviewed. American
Mineralogist 61: 21-25.

Fuerstenau D.W. 1982. Activation in the flotation of sulphide minerals. In: RP King (ed.)
Principles of Flotation pp. 183-198. (SAIMM: Johannesburg).

Fuerstenau M.C. 1982. Chemistry of collectors in solution. In: RP King (ed.) Principles of
Flotation. pp. 1-16. (SAIMM: Johannesburg).

Gain S.B., Mostert A.B. 1982. The geological setting of the platinoid and base metal sulfide
mineralization in the Platreef of the Bushveld Complex in Drenthe, North of Potgietersrus.
Economic Geology 77: 1395-1404.

Gaudin A.M. 1939. Principles of Mineral Dressing. McGraw-Hill Book Company: New Y ork.

Gauert C.D.K. 2001. Sulphide and oxide mineralisation in the Uitkomst Complex, South Africa:
Origin in a magma conduit. Journal of African Earth Sciences 32: 149-161.

Gauert C.D.K., De Waal S.A., Wallmach T. 1995. Geology of the ultrabasic to basic Uitkomst
complex, eastern Transvaal, South Africa: An overview. Journal of African Earth Sciences 21:
553-570.

Gerson A., Jasieniak M. 2008. The effect of surface oxidation on the Cu activation of
pentlandite and pyrrhotite. In: 24th International Mineral Processing Congress. pp. 1054-1063.
(Science Press: Beijing).

Gottlieb P. 2008. The revolutionary impact of automated mineralogy on mining and mineral
processing. In: 24th International Mineral Processing Congress. pp. 165-174. (Science Press:
Beijing).

Graham A.R. 1969. Quantitative determination of hexagonal and monoclinic pyrrhotites by x-
ray diffraction. Canadian Mineralogist 10: 4-24.

243



IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Chapter 9: References

Graham J., Bennett C.E.G., van Riessen A. 1987. Oxygen in Pyrrhotite: 1. Thermomagnetic
behaviour and annealing of pyrrhotites containing small quantities of oxygen. American
Mineralogist 72: 599-604.

Graham J., Mc Kenzie A.D. 1987. Oxygen in Pyrrhotite: 2. Determination of oxygen in natural
pyrrhotites. American Mineralogist 72: 605-609.

Greet C.J., Brown S. 2000. Oxygen demand testing - A new laboratory procedure. Paper
presented at 7th Mill Operators' Conference, Kalgoorlie.

Greet C.J., Small G.L., Steiner P., Grano S. 2004. The Magotteaux Mill®: investigating the
effect of grinding media on pulp chemistry and flotation performance. Minerals Engineering 17:
891-896.

Gu Y. 2003. Automated scanning electron microscope based mineral liberation analysis, an
introduction to the JKMRC / FEI Mineral Liberation Analyser. Journal of Minerals and
Materials Characterization and Engineering 2: 33-41.

Harada T. 1967. Variation in floatability of pyrrhotites. Nippon Kogyo Kaishi 83: 656-660.

Hamilton I.C., Woods R. 1981. An investigation of surface oxidation of pyrite and pyrrhotite by
linear potential sweep voltammetry. Journal of Electroanalytical Chemistry 118: 327-343.

Hamilton I.C., Woods R. 1984. A voltammetric study of the surface oxidation of sulfide
minerals. In: PR Richardson, SS Srinivasan and R Woods (eds.) Electrochemistry in Mineral
and Metal Processing. pp. 259-302. (ECS: Pennington, N.J., USA).

Harris P.J., Finkelstein N.P. 1977. The interaction of chalcocite, oxygen and xanthates. National
Institute for Metallurgy, 1896, Johannesburg.

Harris P.J., Richter K. 1985. The influence of surface defect properties on the activation and
natural floatability of sphalerite. In: KSE Forssberg (ed.) Flotation of Sulphide Minerals. pp.
141-157. (Elsevier: Amsterdam).

He M.F., Qin W.Q., Liz W.Z., Chen Y.J., Lai C.H. 2008. Research on flotation performances of
polymorphic pyrrhotite. In: 24th International Mineral Processing Congress. pp. 1153-1160.
(Science Press: Beijing).

He S.H., Fornasiero D., Skinner W. 2005. Correlation between copper-activated pyrite flotation
and surface species: Effect of pulp oxidation potential. Minerals Engineering 18: 1208-1213.

He S.H., Grano S., Manoucheri H.M., Taylor A., Lawson V. 2008. The critical influence of pulp
oxygen content on the separation of pentlandite from pyrrhotite in two process streams of the
Clarabelle Mill of VALE INCO, Sudbury, Canada. In: International Mineral Processing
Congress. pp. 1028-1037. (Science Press: Beijing).

Hemley J.J., Montoya J.W., Shaw D.R., Luce R.W. 1977. Mineral equilibria in the MgO-SiO,-

H,O System: II Talc-antigorite-forsterite-anthophyllite-enstatite stability relations and some
geologic implications in the system. American Journal of Science 277: 353-383.

244



IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Chapter 9: References

Henley K.J. 1983. Ore-dressing mineralogy - a review of techniques, applications and recent
developments. In: JPR De Villiers and PA Cawthorn (eds.) Proceedings of the International
Congress of Applied Mineralogy 1981. pp. 175-200. (GSSA: Johannesburg).

Heyes G.W., Trahar W.J. 1984. The flotation of pyrite and pyrrhotite in the absence of
conventional collectors. In: PR Richardson, SS Srinivasan and R Woods (eds.) Electrochemistry
in Mineral and Metal Processing. pp. 219-232. (ECS: Pennington, NJ, USA).

Hoal K.O. 2008. Getting the Geo into Geomet. SEG Newsletter 73: 11-15.

Hodgson M., Agar G.E. 1984. An electrochemical investigation into the natural flotability of
pyrrhotite. In: PR Richardson, SS Srinivasan and R Woods (eds.) Electrochemistry in Mineral
and Metal Processing. pp. 185-201. (ECS: Pennington, NJ, USA).

Hodgson M., Agar G.E. 1989. Electrochemical investigations into the flotation chemistry of
pentlandite and pyrrhotite: Process water and xanthate interactions. Canadian Metallurgical
Quarterly 28: 189-198.

Irving J.D. 1906. University training of engineers in economic geology: Discussion. Economic
Geology 1: 77-82.

Iwasaki I. 1988. Flotation behaviour of pyrrhotite in the processing of copper-nickel ores. In: GP
Tyroler and CA Landolt (eds.) Extractive Metallurgy of Nickel and Cobalt. pp. 272-292. (TMS:
Warrendale, PA, USA).

Janzen M.P. 1996. Role of ferric iron, trace metal content, and crystal structure on pyrrhotite
oxidation. MSc thesis, University of Waterloo.

Johnson R.H., Blowes D.W., Robertson W.D., Jambor J.L. 2000. The hydrogeochemistry of the
Nickel Rim mine tailings impoundments, Sudbury, Ontario. Journal of Contaminant Hydrology
41: 49-80.

Johnson N.W., Munro P.D. 2008. Methods for assigning domains in the primary sulfide zone of
a sulfide orebody. In: 9th International Congress for Applied Mineralogy. pp. 597-603.
(AusIMM: Brisbane).

Johnson R.S. 1986. The Phoenix and Selkirk nickel-copper sulphide ore deposits, Tati
Greenstone belt, Eastern Botswana. In: CR Annhaeusser and S Maske (eds.) Mineral Deposits of
Southern Africa. pp. 243-248. (GSSA: Johannesburg).

Jones C.F., LeCount S., Smart R.S.C. 1992. Compositional and structural alteration of pyrrhotite
surfaces in solution, XPS and XRD studies. Applied Surface Science 55: 65-85.

Kalahdoozan M. 1996. Adsorption and flotation characteristics of hexagonal and monoclinic
pyrrhotite. PhD thesis, Queens University.

Keays R.R., Lightfoot P.C. 2004. Formation of Ni-Cu-Platinum group mineralization in the
Sudbury impact melt sheet. Mineralogy and Petrology 82: 217-258.

245



IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Chapter 9: References
Kelebek S. 1993. The effect of oxidation on the flotation behaviour of nickel-copper ores. Paper

presented at XVIII Mineral Processing Congress, Sydney.

Kelebek S., Nanthakumar B., Katsabanis P.D. 2007. Oxidation of complex Ni-Cu sulphide ores
and its implication for flotation practice. Canadian Metallurgical Quarterly 46: 279-284.

Kelebek S., Thompson J.M., Tukel C. 2005. The impact of copper activation on the scavenging
of Ni-Cu sulfide ores. In: Centenary of Flotation Symposium. pp. 869-873. (AusIMM:

Brisbane).

Kelebek S., Tukel C. 1999. The effect of sodium metabisulfite and triethylenetetramine system
on pentlandite-pyrrhotite separation. International Journal of Mineral Processing 57: 135-152.

Keller-Besrest F., Collin G., Comes R. 1982. Structure and planar faults in the defective NiAs-
type compound 3C Fe;S;. Acta Crystallographica B38: 296-303.

Kelly A.P., Vaughan D.J. 1983. Pyrrhotine-pentlandite ore textures: a mechanistic approach.
Mineralogical Magazine 47: 453-463.

Kerr, A. 2008. Personal Communication, Vale INCO.

Khan A., Kelebek S. 2004. Electrochemical aspects of pyrrhotite and pentlandite in relation to
their flotation with xanthate. Part I: Cyclic voltammetry and rest potential measurements.
Journal of Applied Electrochemistry 34: 849-856.

King R.P. 1982. Principles of Flotation. SAIMM: Johannesburg.

Kinloch E.D. 1982. Regional trends in the platinum-group mineralogy of the Critical Zone of
the Bushveld Complex, South Africa. Economic Geology 77: 1328-1347.

Kirjavinen V., Schreithofer N., Heiskanen K. 2002. Effect of some process variables on
flotability of sulfide nickel ores. International Journal of Mineral Processing 65: 59-72.

Kissin S.A., Scott S.D. 1982. Phase relations involving pyrrhotite below 350°C. Economic
Geology 77: 1739-1754.

Klimpel R. 1984. Froth flotation: The kinetic approach. In: Proceedings of Mintek 50. (SAIMM:
Johannesburg).

Koto K., Morimoto N., Gyobu A. 1975. The superstructure of the Intermediate pyrrhotite. I.
Partially disordered distribution of metal vacancy in the 6C type, Fe;1S;,. Acta
Crystallographica B31: 2759-2764.

Kullerud G. 1957. Phase relations in the Fe-S-O system Carnegie Institute of Washington Year
Book 56: 198-200.

Kwong Y.T.J. 1993. Prediction and prevention of acid rock drainage from a geological and
mineralogical perspective. NRCan, Ottawa.

246



IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Chapter 9: References

Kwong Y.T.J., Swerhone G.W., Lawrence J.R. 2003. Galvanic sulphide oxidation as a metal-
leaching mechanism and its environmental applications. Geochemistry: Exploration,
Environment, Analysis 3: 337-343.

Lawson V., Kerr A.N., Shields Y., Wells P.F., Xu M., Dai Z. 2005. Improving pentlandite
pyrrhotite separation at INCO's Clarabelle Mill. In: Centenary of Flotation Symposium. pp. 875-
885. (AusIMM: Brisbane).

Leeb-Du Toit A. 1986. The Impala platinum mines. In: CR Annhaeusser and S Maske (eds.)
Mineral Deposits of Southern Africa. pp. 1091-1106. (GSSA: Johannesburg).

Legrand D.L., Bancroft G.M., Nesbitt H.W. 2005a. Oxidation/alteration of pentlandite and
pyrrhotite surfaces at pH 9.3: Part I. Assignment of XPS spectra and chemical trends. American
Mineralogist 90: 1042-1054.

Legrand D.L., Bancroft G.M., Nesbitt H.-W. 2005b. Oxidation of pentlandite and pyrrhotite
surfaces at pH 9.3: Part 2 Effect of xanthates and dissolved oxygen. American Mineralogist 90:
1055-1061.

Lehmann M.N., Kaur P., Pennifold R.M., Dunn J.G. 2000. A comparative study of the
dissolution of hexagonal and monoclinic pyrrhotites in cyanide solution. Hydrometallurgy 55:
255-273.

Lehner S., Savage K., Ciobanu M., Cliffel D.E. 2007. The effect of As, Co and Ni impurities on
pyrite oxidation kinetics: An electrochemical study of synthetic pyrite. Geochimica et
Cosmochimica Acta 71: 2491-2509.

Leppinen J.O. 1990. FTIR and flotation investigation of the adsorption of ethyl xanthate on
activated and non-activated sulfide minerals. International Journal of Mineral Processing 30:
245-263.

Letard I., Sainctavit P., Deudon C. 2007. XMCD at Fe L,3 edges and S K edges on Fe;Ss.
Physics and Chemistry of Minerals 34: 113-120.

Li C., Naldrett A.J., Rucklidge J.C. 1993. Concentrations of platinum-group elements and gold
in sulfides from the Strathcona deposit, Sudbury, Ontario. Canadian Mineralogist 30: 523-531.

Li C., Ripley E.M., Maier W.D., Gomwe T.E.S. 2002. Olivine and sulfur isotopic compositions
of the Uitkomst Ni-Cu sulfide ore-bearing complex, South Africa: Evidence for sulfur
contamination and multiple magma emplacements. Chemical Geology 188: 149-159.

Lianxing G., Vokes F.M. 1996. Intergrowths of hexagonal and monoclinic pyrrhotites in some
sulphide ores from Norway. Mineralogical Magazine 60: 303-316.

Liebenberg L. 1970. The sulphides in the layered sequence of the Bushveld Igneous Complex.

In: Symposium on the Bushveld Igneous Complex and other layered intrusions. pp. 108-207.
(GSSA: Johannesburg).

247



IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Chapter 9: References

Lotter N.O., Bradshaw D.J., Kormos L.J., Becker M., Parolis L.A.S. 2008. A discussion of the
occurrence and undesirable flotation behaviour of orthopyroxene and talc in the processing of
mafic deposits. Minerals Engineering 21: 905-912.

Lotter N., Whittaker P.J., Kormos L., Stickling J.S., Wilkie G.J. 2002. The development of
process mineralogy at Falconbridge Limited, and the application to the Raglan Mill. Paper
presented at the 34th Annual Meeting of the Canadian Mineral Processors, Ottawa.

Magyarosi Z., Watkinson D.H., Jones P.C. 2002. Mineralogy of Ni-Cu-Platinum-Group-
Element sulfide ore in the 800 and 810 Ore bodies, Copper Cliff South Mine, and P-T-X
Conditions during the formation of platinum-group-minerals. Economic Geology 97: 1471-1486.

Maier W.D., Barnes S.-J., Chinyepi G., Barton M.J., Eglington B., Setshedi 1. 2008. The
composition of magmatic Ni-Cu-(PGE) sulfide deposits in the Tati and Selebi-Phikwe belts of
eastern Botswana. Mineralium Deposita 43: 37-60.

Makovicky E. 2006. Crystal structures of sulfides and other chalcogenides. In: DJ Vaughan (ed.)
Sulfide Mineralogy and Geochemistry. pp. 7-125. (MSA: Washington DC, USA).

Malysiak V., O' Connor C.T., Ralston J., Gerson A., Coetzer L.P., Bradshaw D.J. 2002.
Pentlandite - feldspar interaction and its effect on separation by flotation. International Journal
of Mineral Processing 66: 89-106.

Mbonambi M.J. 2009. On the selective flotation of pentlandite. MSc thesis, University of Cape
Town.

Mendiratta N.K. 2000. Kinetic studies of sulfide mineral oxidation and xanthate adsorption. PhD
thesis, Virginia Polytechnic and State University.

Mikhlin Y., Tomashevich Y. 2005. Pristine and reacted surfaces of pyrrhotite and arsenopyrite
as studied by X-ray absorption near-edge structure spectroscopy. Physics and Chemistry of
Minerals 32: 19-27.

Mikhlin Y.L., Kuklinskiy A.V., Pavlenko N.I., Varnek V.A., Asanov [.P., Okotrub A.V.,
Selyutin G.E., Solovyev L.A. 2002. Spectroscopic and XRD studies of the air degradation of
acid-reacted pyrrhotites. Geochimica et Cosmochimica Acta 66: 4057-4067.

Miller J.A., Li C., Davidtz J.C., Vos F. 2005. A review of pyrrhotite flotation chemistry in the
processing of PGM ores. Minerals Engineering 18: 855-865.

Morimoto N., Gyobu A., Mukaiyama H., Izawa E. 1975a. Crystallography and stability of
pyrrhotites. Economic Geology 70: 824-833.

Morimoto N., Gyobu A., Tsukuma K., Koto K. 1975b. Superstructure and nonstoichiometry of
intermediate pyrrhotite. American Mineralogist 60: 240-248.

Morimoto N., Nakazawa H., Nishiguchi K., Tokonami M. 1970. Pyrrhotites: Stoichiometric
compounds with composition Fe, 1S, (n > 8). Science 168: 964-966.

248



IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Chapter 9: References

Mycroft J.R., Nesbitt H-W., Pratt A.R. 1995. X-ray photoelectron and Auger electron
spectroscopy of air-oxidized pyrrhotite: Distribution of oxidized species with depth. Geochimica
et Cosmochimica Acta 59: 721-733.

Nagaraj D.R., Brinen J.S. 1996. SIMS and XPS study of the adsorption of sulfide collectors on
pyroxene: a case for inadvert metal in activation. Colloids and Surfaces A: Physicochemical and
Engineering Aspects 116: 241-249.

Nakano A., Tokonami M., Morimoto N. 1979. Refinement of 3C pyrrhotite, Fe;Ss. Acta
Crystallographica B35: 722-724.

Nakazawa H., Iwasaki I. 1995. Effect of pyrite-pyrrhotite contact on their floatabilities.
Minerals and Metallurgical Processing 2: 206-211.

Nakazawa H., Morimoto N. 1971. Phase relations and superstructures of pyrrhotite, Fe;,S.
Materials and Research Bulletin 6: 345-358.

Naldrett A.J. 1969. A portion of the system Fe-S-O between 900 and 1080°C and its application
to ore magmas. Journal of Petrology 10: 171-201.

Naldrett A.J. 1989. Magmatic Sulfide Deposits. Oxford University Press: New York.
Naldrett A.J. 2004. Magmatic Sulfide Deposits. Springer: Berlin.

Naldrett A.J., Craig J.R., Kullerud G. 1967. The central portion of the Fe-Ni-S system and its
bearing on pentlandite exsolution in iron-nickel sulfide ores. Economic Geology 62: 826-847.

Naldrett A.J., Kullerud G. 1967. A study of the Strathcona Mine and its bearing on the origin of
the nickel-copper ores of the Sudbury District, Ontario. Journal of Petrology 9: 453-531.

Naldrett A.J., Singh J., Krstic S., Li C.S. 2000. The mineralogy of the Voisey's Bay Ni-Cu-Co
deposit, northern Labrador, Canada: Influence of oxidation state on textures and mineral
compositions. Economic Geology 95: 889-900.

Nel E., Valenta M., Naude M. 2005. Influence of open circuit regrind milling on UG2 ore
composition and mineralogy at Impala's UG2 concentrator. Minerals Engineering 18: 785-790.

Nesbitt H.W., Bricker O.P. 1978. Low temperature alteration processes affecting ultramafic
bodies Geochimica et Cosmochimica Acta 42: 403-4009.

Nicol M.J. 1984. An electrochemical study of the interaction of copper (II) ions with sulphide
minerals. In: PR Richardson, SS Srinivasan and R Woods (eds.) Electrochemistry in Mineral
and Metal Processing. pp. 152-168. (ECS: Pennington, NJ, USA).

Orlova T.A., Stupnikov V.M., Kresan A.L. 1988. Mechanism of oxidative dissolution of
sulphides. Zhurnal Prikladnoi Khimii 61: 2172-2177.

Penberthy C.J., Merkle R.K.W. 1999. Lateral variations in the platinum-group element content
and mineralogy of the UG2 Chromitite layer, Bushveld Complex. South African Journal of
Geology 102: 240-250.

249



IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Chapter 9: References

Petruk W. 2000. Applied Mineralogy in the Mining Industry. Elsevier: Amsterdam.

Pierce L., Buseck P.R. 1974. Electron imaging of pyrrhotite superstructures. Science 186: 1209-
1212.

Pietrobon M.C., Grano S.R. 2001. Pyrrhotite depression for enhanced pentlandite / pyrrhotite
selectivity at the Strathcona Concentrator, Falconbridge Limited, Canada. In: JA Finch, SR Rao
and L Huang (eds.) Interactions in Mineral Processing. pp. 153-167. (CIM: Montreal).

Posfai M., Dodony 1. 1990. Pyrrhotite superstructures. Part I: Fundamental structures of the NC
(N =2, 3, 4 and 5) type. European Journal of Mineralogy 2: 525-528.

Posfai M., Sharp T.G., Kontny A. 2000. Pyrrhotite varieties from the 9.1km deep borehole of
the KTB project. American Mineralogist 85: 1406-1415.

Powell A.V., Vaqueiro P., Knight K.S., Chapon L.C., Sanchez R.D. 2004. Structure and
magnetism in synthetic pyrrhotite Fe;Sg: A powder neutron-diffraction study. Physical Review B
70: 014415-1 -014415-12.

Pratt A.R., Muir L.J., Nesbitt H.-W. 1994. X-ray photoelectron and Auger electron spectroscopic
studies of pyrrhotite and mechanism of air oxidation. Geochimica et Cosmochimica Acta 58:
827-841.

Prestidge C.A., Ralston J., Smart R.S.C. 1993. The competitive adsorption of cyanide and ethyl
xanthate on pyrite and pyrrhotite surfaces. International Journal of Mineral Processing 38: 205-
233.

Ramdohr P. 1969. The ore minerals and their intergrowths. Pergamon Press: Oxford.

Rand D.A.J. 1977. Oxygen reduction of sulphide minerals. Part III. Comparison of activities of
various copper, iron, lead and nickel mineral electrodes. Journal of Electroanalytical Chemistry
83: 19-32.

Rao S.R., Finch J.A. 1991. Adsorption of amyl xanthate at pyrrhotite in the presence of nitrogen
and implications in flotation. Canadian Metallurgical Quarterly 30: 1-6.

Raudsepp M., Pani E., Kern A. 2002. Quantitative phase analysis of sulfide-bearing mine wastes
using the Rietveld method and X-ray Powder diffraction data. Powder Diffraction in Mining and
Minerals 27: 10-12.

Rickard J.H., Watkinson D.H. 2001. Cu-Ni-PGE mineralization within the Copper Cliff Offset
Dike, Copper Cliff North Mine, Sudbury, Ontario: Evidence for multiple stages of emplacement.
Exploration and Mining Geology 10: 111-124.

Rousell D.H., Fedorowich J.S., Dressler B.O. 2003. Sudbury Breccia (Canada): A product of the
1850Ma Sudbury Event and host to footwall Cu-Ni-PGE ore deposits. Earth Science Reviews
60: 147-174.

Rumball J.A., Richmond G.D. 1996. Measurement of oxidation in a base metal flotation circuit
by selective leaching with EDTA. International Journal of Mineral Processing 48: 1-20.

250



IVERSITEIT YAN PRETORIA
ITY OF PRETgRR::
ITHI YA PRET
Chapter 9: References

SACS 1980. Stratigrapy of Southern Africa. Part 1: Lithostratigraphy of South Africa, South
West Africa/Namibia, and the Republics of Bophuthatswana, Transkei, and Venda. Geological
Survey of South Africa.

Schouwstra R.P., Kinloch E.D., Lee C.A. 2000. A short geological review of the Bushveld
Complex. Platinum Metals Review 44: 33-39.

Scott R.G., Benn K. 2002. Emplacement of sulfide deposits in the Copper-Cliff Offset dike
during collapse of the Sudbury Crater Rim: Evidence from magnetic fabric studies. Economic
Geology 97: 1447-1458.

Senior G.D., Thomas S.A. 2005. Development and implementation of a new flow sheet for the
flotation of a low grade nickel ore. International Journal of Mineral Processing 78: 49-61.

Senior G.D., Trahar W.J., Guy P.J. 1995. The selective flotation of pentlandite from a nickel
ore. International Journal of Mineral Processing 43: 209-234.

Shackleton N.J. 2003. The role of complexing agents in the flotation of pentlandite-pyroxene
mixtures. MSc thesis, University of Cape Town.

Shackleton N.J., Malysiak V., O'Connor C.T. 2007. Surface characteristics and flotation
behaviour of platinum and palladium arsenides. International Journal of Mineral Processing 85:
25-40.

Shima H., Naldrett A.J. 1975. Solubility of sulfur in an ultramafic melt and the relevance of the
system Fe-S-O. Economic Geology 70: 960-967.

Shortridge P.G. 2002. The influence of polymeric charge and structure, molecular weight and
ionic conditions on depressant ability to reduce the natural floatability of talc. MSc thesis,
University of Cape Town.

Skala R., Cisarova I., Drabek M. 2006. Inversion twinning in troilite. American Mineralogist 91:
917-921.

Skinner W.M., Nesbitt H.-W., Pratt A.R. 2004. XPS identification of bulk hole defects and
itinerant Fe 3d electrons in natural troilite (FeS). Geochimica et Cosmochimica Acta 68: 2259-
2263.

Spira P., Rosenblum F. 1974. The oxygen demand of flotation pulps. In: 6th Annual Meeting of
the Canadian Mineral Processors. pp. 74-106. (CIM: Ottawa).

Steger H.F. 1982. Oxidation of sulfide minerals VII. Effect of temperature and relative humidity
on the oxidation of pyrrhotite. Chemical Geology 35: 281-295.

Steger H.F., Desjardins L.E. 1978. Oxidation of sulfide minerals, 4. Pyrite, chalcopyrite, and
pyrrhotite. Chemical Geology 23: 225-237.

Stillwell F.L., Edwards A.B. 1945. The mineral composition of the Black Star copper ore body,

Mount Isa, Queensland. Proceedings of the Australian Institute of Mining and Metallurgy 139:
149-159.

251



IVERSITEIT YAN PRETORIA
ITY OF PRETgRR::
ITHI YA PRET
Chapter 9: References

Sugaki A., Kitakaze A. 1998. High form of pentlandite and its thermal stability. American
Mineralogist 83: 133-140.

Sutherland K.L., Wark I.W. 1955. Principles of Flotation AusIMM: Melbourne.

Szentpéteri K., Watkinson D.H., Molnar F., Jones P.C. 2002. Platinum-group elements-Co-Ni-
Fe sulfarsenides and mineral paragenesis in Cu-Ni-platinum-group element deposits, Copper
CIiff North area, Sudbury, Canada. Economic Geology 97: 1459-1470.

Tao D.P., Richardson P.E., Luttrell G.H., Yoon R.-H. 2003. Electrochemical studies of pyrite
oxidation and reduction using fresh-fractured electrodes and rotating ring-disc electrodes.
Electrochimica Acta 48: 3615-3623.

Theart H.F.J., de Nooy C.D. 2001. The platinum group minerals in two parts of the massive
sulphide body of the Uitkomst Complex, Mpumalanga, South Africa. South African Journal of
Geology 104: 287-300.

Theodossiou A. 1965. Measurements of the Hall effect and resistivity in pyrrhotite. Physical
Review 137: A1321.

Thomas J.E., Skinner W.M., Smart R.S.C. 2003. A comparison of the dissolution behaviour of
troilite with iron(II) sulfides, implications of structure. Geochimica et Cosmochimica Acta 67:
831-843.

Thomas J.E., Smart R.S.C., Skinner W.M. 2000. Kinetic factors for oxidative and non-oxidative
dissolution of iron sulfides. Minerals Engineering 13: 1149-1159.

Tokonami M., Nishiguchi K., Morimoto N. 1972. Crystal structure of a monoclinic pyrrhotite
(FesSsg). American Mineralogist 57: 1066-1080.

Toulmin P., Barton P.B. 1964. A thermodynamic study of pyrite and pyrrhotite. Geochimica et
Cosmochimica Acta 28: 641-671.

Tremblay, E. 2007. Personal Communication, Vale INCO.

Vanyukov A.V., Razumovskaya N.N. 1979. Hydrothermal oxidation of pyrrhotites. 1zv. Vyssh.
Uchelon. Zaved., Tsvetn.Metall. 6: 605-610.

Vaughan D.J., Schwarz E.J., Owens D.R. 1971. Pyrrhotites from the Strathcona Mine, Sudbury,
Canada: A thermomagnetic and mineralogical study. Economic Geology 66: 1131-1144.

van Zyl A.M. 1996. The sulphides of the Uitkomst Complex, Badplaas, South Africa. MSc
thesis, University of Pretoria.

Viljoen M.J., Hieber R. 1986. The Rustenburg Section of Rustenburg Platinum Mines Limited,
with reference to the Merensky Reef. In: CR Annhaeusser and S Maske (eds.) Mineral Deposits
of Southern Africa. pp. 1107-1134. (GSSA: Johannesburg).

Viljoen M.J., Theron J., Underwood B., Walters B.M., Weaver J., Peyerl W. 1986. The
Amandebult section of Rustenburg Platinum mines Limited, with reference to the Merensky

252



IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Chapter 9: References
Reef. In: CR Annhaeusser and S Maske (eds.) Mineral Deposits of Southern Africa. pp. 1041-

1060. (GSSA: Johannesburg).

Viti C., Mellini M., Rumori C. 2005. Exsolution and hydration of pyroxenes from partially
serpentinized harzburgites. Mineralogical Magazine 69: 491-507.

Viring R.G., Cowell M.W. 1999. The Merensky Reef on Northam Platinum Limited. South
African Journal of Geology 102: 192-208.

Vos F. 2006. The role of long chain trithiocarbonates in the optimisation of Impala Platinum's
flotation circuit. MSc thesis, University of Pretoria.

Walters S.G. 2008. An overview of new integrated geometallurgical research. In: 9th
International Congress for Applied Mineralogy. pp. 79-82. (AusIMM: Brisbane).

Wang H., Salveson I. 2005. A review on the mineral chemistry of the non-stoichiometric iron
sulphide, Fe; S (0 < x < 0.125): Polymorphs, phase relations and transitions, electronic and

magnetic structures. Phase Transitions 78: 547-567.

Weisener C., Gerson A. 2000. An investigation of the Cu(II) adsorption mechanism on pyrite by
ARXPS and SIMS. Minerals Engineering 13: 1329-1340.

Wells P.F., Kelebek S., Burrows M.J., Suarez D.F. 1997. Pyrrhotite rejection at Falconbridge's
Strathcona Mill. In: JA Finch, SR Rao and I Holubec (eds.) Processing of Complex Ores:
Mineral Processing and the Environment. pp. 51-62. (CIM: Montreal).

Wiese, J.G. Unpublished Data.

Wiese, J.G. 2005. Personal Communication, University of Cape Town.

Wiese J.G., Becker M., Bradshaw D.J., Harris P.J. 2007. Interpreting the role of reagents in the
flotation of platinum-bearing Merensky ores. South African Institute of Mining and Metallurgy
107: 29-36.

Wiese J.G., Harris P.J., Bradshaw D.J. 2005. The influence of the reagent suite on the flotation
of ores from the Merensky Reef. Minerals Engineering 18: 189-198.

Wightman E., Evans C.L., Vizcarra T., Sandoval G. 2008. Process Mineralogy as a tool in
modelling mineral processing operations. In: 9th International Congress for Applied
Mineralogy. pp. 475-481. (AusIMM: Brisbane).

Wills B.A., Napier-Munn, T.J. 2006. Will's Mineral Processing Technology: An introduction to
the practical aspects of ore treatment and mineral recovery. Elsevier: Amsterdam.

Wuensch B.J. 1963. On the superstructure and twinning of pyrrhotite. Mineralogical Society of
America Special Paper 1: 157-162.

Wyckoff R.W.G. 1963. Crystal Structures. Interscience: London.

253



IVERSITEIT VAN PRETORIA
ITY OF PRETORIA
ITHI YA PRETORIA

Chapter 9: References

Xu M., Wilson S. 2000. Investigation of seasonal metallurgical shift at INCO's Clarabelle Mill.
Minerals Engineering 13: 1207-1218.

Yakhontova L.K., Nesterovich L.G., Grudev A.P. 1983. New data on natural oxidation of
pyrrhotite. Vestnik Moskovskogo Universiteta Geologiya 38: 41-44.

Yamamoto M., Iwata T., Iwata M. 1959. Domain patterns on ferromagnetic pyrrhotite crystal.
Science Reports of the Research Institutes, Tohoku University 11: 21-29.

Yoon R.-H., Basilio C.I., Marticorena M.A., Kerr A.N., Stratton-Crawley, R. 1995. A study of
the pyrrhotite depresssion mechanism by diethylenetriamine. Minerals Engineering 8: 807-816.

Young R.A. 1995. Introduction to the Rietveld Method. In: RA Young (ed.) The Rietveld
Method. pp. 1-38. (Oxford University Press: New York).

Zapletal K. 1969. Connection of some magnetic properties with the phase composition of
natural pyrrhotites. Studia geophysica et geodata 13: 191-197.

Zapletal K. 1972. On the magnetic phases of natural pyrrhotites Studia geophysica et geodata
16: 167-208.

254



	Front
	Chapters 1-2
	Chapter 3
	Chapter 4
	Chapters 5-6
	Chapters 7-8
	REFERENCES



