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Mineralogy

All nonsulfide components of VMS deposits are gener-
ally considered to be gangue. In this section, discussion is 
limited to hypogene gangue minerals that occur within sulfide 
ore and sulfide-rich wall rocks, excluding occurrences in 
surrounding alteration zones. Minerals within this gangue 
category vary greatly depending on several factors including 
metamorphic grade, age, and geologic setting of the deposits 
(see Lydon, 1984; Franklin, 1993; Franklin and others, 2005). 
For deposits that occur at or below lower greenschist facies, 
the hypogene gangue may consist of quartz, carbonate, barite, 
white mica, and (or) chlorite, together with lesser amounts of 
magnetite, sodic plagioclase, epidote, tourmaline, analcime, 
and montmorillonite; fluorite, celsian, hyalophane; greenal-
ite, stilpnomelane, hematite, anhydrite, and gypsum may be 
present locally. At higher metamorphic grades, chloritoid, 
garnet, amphibole, cordierite, gahnite, staurolite, kyanite, and 
andalusite are common gangue constituents, with minor rutile 
and (or) titanite occurring in places. 

Ages of VMS deposits are linked broadly to the presence 
or absence of some gangue minerals. Notable among these is 
barite, which occurs in several Archean orebodies (Reynolds 
and others, 1975; Vearncombe and others, 1995; Li and others, 
2004) but typically is absent in younger Precambrian deposits 
(for example, Franklin and others, 2005). Barite is relatively 
common in Phanerozoic deposits that contain abundant felsic 
volcanic rocks in footwall sequences, owing to generally high 
Ba concentrations in K-feldspar within such lithologies and 
their availability for leaching of this Ba by deeply circulating 
hydrothermal fluids. Anhydrite and gypsum occur in some 
weakly metamorphosed deposits, such as the Miocene Kuroko 
orebodies in Japan (Ogawa and others, 2007), but are gener-
ally unknown in more metamorphosed older deposits, mainly 
because of the retrograde solubility of anhydrite and its ease of 
dissolution by later fluids (see Hannington and others, 1995). 

Mineral Assemblages

Assemblages of gangue minerals in VMS deposits 
vary widely as a function of several parameters such as 
fluid composition, fluid/rock ratio, P–T history, and postore 

recrystallization. In the sulfide-rich zones of greenschist-facies 
deposits, common assemblages are quartz + chlorite + sericite 
± carbonate ± barite ± albite; more strongly metamorphosed 
deposits may contain quartz + garnet + amphibole ± rutile as 
typical assemblages. 

Paragenesis

The original hydrothermal paragenesis of gangue 
minerals is generally impossible to discern owing to postde-
positional deformation and metamorphism. However, some 
well-preserved VMS deposits, at or below lower greenschist 
facies with minimal penetrative deformation, reveal apparently 
primary sequences of gangue mineralization. In the Ordovi-
cian Bald Mountain deposit in Maine, seven stages of miner-
alization have been recognized: early massive pyritic sulfide; 
massive pyrrhotite; vein quartz; massive pyrite, magnetite, and 
Fe-silicates; quartz-siderite-sulfide veins; and two sets of late 
quartz ± sulfide veins (Slack and others, 2003). Some VMS 
deposits of Silurian or Devonian age in the southern Urals of 
Russia preserve primary paragenetic relationships (Herrington 
and others, 2005). Gangue minerals in footwall feeder zones 
also may retain a premetamorphic paragenesis, such as at 
the Archean Kidd Creek deposit in Ontario (Slack and Coad, 
1989; Hannington and others, 1999) and the Cambrian Hellyer 
deposit in Tasmania (Gemmell and Large, 1992). At the 
Archean Mons Cupri deposit in Western Australia, carbonate 
gangue occurs both in early and late assemblages, bracketing 
in time the deposition of semimassive sulfide (Huston, 2006).

Zoning Patterns

Mineralogical zoning is recognized in many VMS 
deposits (see Lydon, 1984, 1996; Franklin and others, 2005). 
Zoning of sulfide minerals is well documented, but gangue 
mineral zoning (excluding in exhalites) is seldom discussed. 
A few generalizations nevertheless can be made. First, in 
well-preserved Phanerozoic deposits, the gangue in cores of 
sulfide mounds is predominantly quartz, whereas the margins 
locally contain abundant barite and (or) anhydrite (Large, 
1992; Galley and others, 2007). Chlorite and white mica may 
be concentrated in the lower or upper parts of sulfide mounds. 
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Carbonate minerals tend to be widely distributed, but in some 
deposits such as Ruttan in Manitoba occur preferentially in the 
stratigraphically higher parts of the sulfide zone (Barrie and 
others, 2005).

Grain Size

Gangue minerals show a range of grain sizes depending 
on the extent of post-depositional processes such as subsurface 
zone refining and metamorphic recrystallization. Typically, 
gangue minerals are less than 1 mm in maximum dimension. 
Although grain sizes typically are larger in more strongly 
deformed and metamorphosed VMS deposits, some ancient 
deposits below greenschist facies may contain gangue miner-
als as much as several centimeters in size. Much coarser grains 
are well documented in amphibolite- and granulite-facies 
deposits, where equant minerals like garnet and cordierite may 
be 5–8 cm in diameter, and prismatic minerals like amphibole 
and kyanite can be tens of centimeters long.

References Cited

Barrie, C.T., Taylor, C., and Ames, D.E., 2005, Geology and 
metal contents of the Ruttan volcanogenic massive sulfide 
deposit, northern Manitoba, Canada: Mineralium Deposita, 
v. 39, p. 795–812.

Franklin, J.M., 1993, Volcanic-associated massive sulphide 
deposits, in Kirkham, R.V., Sinclair, W.D., Thorpe, R.I., 
and Duke, J.M., eds., Mineral deposit modeling: Geological 
Association of Canada Special Paper 40, p. 315–334.

Franklin, J.M., Gibson, H.L., Jonasson, I.R., and Galley, A.G., 
2005, Volcanogenic massive sulfide deposits, in Hedenquist, 
J.W., Thompson, J.F.H., Goldfarb, R.J., and Richards, J.P., 
eds., Economic Geology 100th anniversary volume, 1905–
2005: Littleton, Colo., Society of Economic Geologists, p. 
523–560.

Galley, A.G., Hannington, M., and Jonasson, I., 2007, Volca-
nogenic massive sulphide deposits, in Goodfellow, W.D., 
ed., Mineral deposits of Canada—A synthesis of major 
deposit-types, district metallogeny, the evolution of geo-
logical provinces, and exploration methods: Geological 
Association of Canada, Mineral Deposits Division, Special 
Publication 5, p. 141–161.

Gemmell, J.B., and Large, R.R., 1992, Stringer system and 
alteration zones underlying the Hellyer volcanic-hosted 
massive sulfide deposit, Tasmania, Australia: Economic 
Geology, v. 87, p. 620–649.

Hannington, M.D., Bleeker, W., and Kjarsgaard, I., 1999, Sul-
fide mineralogy, geochemistry, and ore genesis of the Kidd 
Creek deposit—Part II. The bornite zone, in Hannington, 
M.D., and Barrie, C.T., eds., The giant Kidd Creek volcano-
genic massive sulfide deposit, western Abitibi subprovince, 
Canada: Economic Geology Monograph 10, p. 225–266.

Hannington, M.D., de Ronde, C.E.J., and Petersen, S., 2005, 
Sea-floor tectonics and submarine hydrothermal systems, 
in Hedenquist, J.W., Thompson, J.F.H., Goldfarb, R.J., and 
Richards, J.P., eds., Economic geology 100th anniversary 
volume 1905–2005: Littleton, Colo., Society of Economic 
Geologists, p. 111–141.

Herrington, R.J., Maslennikov, V., Zaykov, V., Seravkin, I., 
Kosarev, A., Buschmann, B., Orgeval, J.-J., Holland, N., 
Tesalina, S., Nimis, P., and Armstrong, R., 2005, Classifica-
tion of VMS deposits—Lessons from the South Uralides: 
Ore Geology Reviews, v. 27, p. 203–237.

Huston, D.L., 2006, Mineralization and regional alteration 
at the Mons Cupri stratiform Cu-Zn-Pb deposit, Pilbara 
Craton, Western Australia: Mineralium Deposita, v. 41, p. 
17–32.

Large, R.R., 1992, Australian volcanic-hosted massive sulfide 
deposits—Features, styles, and genetic models: Economic 
Geology, v. 87, p. 471–510.

Li, J., Kusky, T., Niu, X., Jun, F., and Polat, A., 2004, Neoar-
chean massive sulfide of Wutai Mountain, North China—A 
black smoker chimney and mound complex within 2.50 
Ga-old oceanic crust, in Kusky, T.M., ed., Precambrian 
ophiolites and related rocks: Developments in Precambrian 
Geology, v. 13, p. 339–362.

Lydon, J.W., 1984, Volcanogenic massive sulphide deposits—
Part 1. A descriptive model: Geoscience Canada, v. 11, p. 
195–202.

Lydon, J.W., 1996, Characteristics of volcanogenic massive 
sulfide deposits—Interpretations in terms of hydrothermal 
convection systems and magmatic hydrothermal systems: 
Instituto Tecnologico Geominero de Espana, Boletin Geo-
logico y Minero, v. 107, no. 3–4, p. 15–64.

Ogawa, Y., Shikazono, N., Ishiyama, D., Sato, H., Mizuta, T., 
and Nakano, T., 2007, Mechanisms for anhydrite and gyp-
sum formation in the Kuroko massive sulfide-sulfate depos-
its, north Japan: Mineralium Deposita, v. 42, p. 219–233.

Reynolds, D.G., Brook, A., Marshall, E., and Allchurch, P.D., 
1975, Volcanogenic copper-zinc deposits in the Pilbara and 
Yilgarn blocks, in Knight, C.L., ed., Economic geology 
of Australia and Papua New Guinea—Volume 1. Metals: 
Australian Institute of Mining and Metallurgy, Monograph 
Series 5, p. 185–195. 



References Cited    153

Slack, J.F., and Coad, P.R., 1989, Multiple hydrothermal and 
metamorphic events in the Kidd Creek volcanogenic mas-
sive sulphide deposit, Timmins, Ontario—Evidence from 
tourmalines and chlorites: Canadian Journal of Earth Sci-
ences, v. 26, p. 694–715.

Slack, J.F., Foose, M.P., Flohr, M.J.K., Scully, M.V., and 
Belkin, H.E., 2003, Exhalative and subseafloor replacement 
processes in the formation of the Bald Mountain massive 
sulfide deposit, northern Maine, in Goodfellow, W.D., 
McCutcheon, S.R., and Peter, J.M., eds., Volcanogenic mas-
sive sulfide deposits of the Bathurst district, New Bruns-
wick, and northern Maine: Economic Geology Monograph 
11, p. 513–548.

Vearncombe, S., Barley, M.E., Groves, D.I., McNaughton, 
N.J., Mikucki, E.J., and Vearncombe, J.R., 1995, 3.26 
Ga black smoker-type mineralization in the Strelley belt, 
Pilbara Craton, Western Australia: Journal of the Geological 
Society of London, v. 152, p. 587–590.




