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Introduction:  
 
Black smokers are submarine hydrothermal chimneys typically situated close to spreading 
centres where new crust is created in ocean basins (Fig. 1a). They were discovered in 1977 by 
the submersible Alvin and have been the focus of intense study since then. The chimneys stand 
up to 15 m high and may grow by ≤30 cm per day. The output fluids can be as hot as 370°C and 
are saturated in metals (e.g., Cu, Zn, Pb, Fe, Ag, Au) which precipitate as sulphides (and 
sulphates) upon contact with the cold seawater. Black smoker chimneys thus sit on (and build 
from) mounds of metal sulphides and sulphates (e.g., anhydrite, chalcopyrite, pyrite) that are 
referred to as volcanic-massive sulphide deposits. These deposits can be economically 
significant (e.g., 1-20×106 tonnes of base metal, ±g/t Au, ±100’s g/t Ag). In addition to their 
significance as mineral resource deposits, the unusual redox and pH conditions associated with 
modern day black smokers have also been recognised as supporting complex ecosystems with 
extremophile lifeforms, an observation that has led to the suggestion that life on Earth may have 
originated in analogous environments. 
 
Project Summary:  
 
The aims of this project are twofold. The first is to quantify the distribution and composition of 
base and precious metal-bearing minerals throughout massive and disseminated sulphide 
deposits associated with black smokers of different geological ages. This will be achieved 
through a combination of detailed elemental and mineral mapping in samples of interest, and X-
ray microtomography to visualise the 3D spatial distribution of the phases of interest (e.g., 
sulphides, fluid inclusions). Coupled with detailed petrographic observation, these data will allow 
processes driving precipitation and deposition of the ore-bearing minerals to be interrogated 
fully. In turn, this will place better constraints on the internal structure of the sulphide mounds, 
which will be of significant interest to mining companies in terms of targeting sites of interest and 
improving metal recovery. The second aim is to use the datasets gathered above to inform on 
the character of the fluids from which the metals precipitated. Specific properties of interest with 
respect to these fluids are their redox state, chlorine content and pH, as these are key 
controlling factors in governing the ecology of black smoker environments. By selection of 
samples from Early Earth (Archaean) black smokers1 (Fig. 1b), as well as more recent 
examples (Proterozoic and Phanerozoic), a perspective of the evolution of these systems (in 
terms of metal precipitation and thus ecological conditions) through geological time will be 
gained. Targeting suitable localities will be crucial to the success of the project; for Archaean 
and Proterozoic examples, greenstone belts such as the Barberton of South Africa will be 
studied, for more recent black smokers ophiolites such as Troodos (Cyprus)2 will be sampled. It 



 

 

is possible that samples of present day black smokers from the Mid-Atlantic ridge will also be 
available for a comparative study. 

 
 
 
 
 
 

 

 

 

 

 

 

 
Figure 1. (a) View from the submersible Alvin of a black smoker chimney on the East Pacific 
Rise (adapted from Tivey 1998 (Oceanus 41(2), WHOI publication). (b) Thin section of an oxide-
sulphide body from the Barberton greenstone belt (South Africa)1,  interpreted as an altered 
Archaean black smoker deposit. (c) QEMSCAN® image of (b). Note the pervasive character of 
the veins, outlined in red, suggesting the rock has hosted at least one episode of fluid flow. 
 
Methods and training opportunities: The early stages of the project will comprise detailed 
sample characterisation and fieldwork, to provide petrological context for the study materials. A 
significant portion of the project will comprise mapping work on thin and thick sections, to 
constrain the petrogenesis of sulphides and other phases of interest. This will be carried out 
using the electron microprobe and SEM facilities at Manchester, with potential for mineral 
mapping using QEMSCAN® (see Fig. 1c) to be employed. X-ray microtomography will be 
carried out at the Manchester X-ray Imaging Facility in the University of Manchester; these 
datasets will be crucial to the success of the project, and their collection/visualisation will 
provide valuable training for the student. It is also anticipated that the newly installed Cameca 
NanoSIMS at the University of Manchester will be employed to measure the abundances of light 
elements at very high spatial resolutions (<1 µm) in mineral phases of interest.    
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