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Abstract 

Volcanogenic massive sulphide (VMS) deposits are hydrothermal ore deposits rich in Cu-

Zn-Pb bearing sulphide minerals that form in the oceanic crust. It is well known that the Cu, Zn 

and Pb enriched in these deposits are at least in part, mobilised from deeper crustal levels during 

hydrothermal alteration. Gold-rich VMS deposits represent an important sub-set of VMS deposits 

that are enriched in Au and related elements As, Sb, Se and Te. The processes that form Au-rich 

VMS, such as sub-seafloor boiling, high Au content source area and magmatic input, are still 

debated. Moreover, the mobility of these elements during oceanic crust alteration is not well 

known. In this study we investigate the behaviour of Au, As, Sb, Se, Te, S and base metals (Cu, 

Zn, and Pb) during the hydrothermal alteration of the oceanic crust at IODP Hole 1256D. Being 

the only core to date to sample a complete section of oceanic crust down to the plutonic complex, 

Hole 1256D is an ideal location to investigate these processes. The aims of this project are 1) to 

quantify the mobilisation of metals during the hydrothermal alteration of the oceanic crust; 2) to 

determine the metal-hosting minerals and their evolution during the hydrothermal alteration; 3) to 

compare the behaviour of Au and related elements with base metals. 

During hydrothermal alteration, metals are mobilised to variable extent: As, S, Au, Se and 

Cu are the most efficiently mobilised during alteration, with Zn, Pb and Sb mobilised to a lesser 

extent. Te is not mobilised and behaves as a relatively immobile element. The sulphide 

population at Hole 1256D is complex and exerts an important control over the metal budget. The 

composition of the hydrothermal fluids generated at Hole 1256D is similar to the composition of 

mafic VMS deposits. A ten-time enrichment of Au relative to base metals would be necessary to 

form Au-rich VMS deposits. Quantities of metal mobilised from the oceanic crust suggest that an 

important part of the metals is released to the ocean and only a portion is trapped as VMS 

deposits.   
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Introduction 

 Volcanogenic Massive Sulphide deposits 1.

Volcanogenic massive sulphide (VMS) deposits are polymetallic deposits that form from 

focused discharge of hot metal–rich hydrothermal fluids on or near the seafloor (Galley et al. 

2007). This ore deposit type has been exploited by mankind over thousands of years (e.g. 

Bergslagen, Sweden and Troodos, Cyprus) and now produces a significant proportion of metals 

such as Cu, Zn, Pb, Au and Ag, as well as other elements as co- or by-products.  VMS deposits 

are characterised by a lenticular stratabound massive sulphide body underlain by a stockwork 

zone (Fig. 1). They are commonly classified as mafic, bimodal-mafic, mafic-siliciclastic, bimodal 

felsic or bimodal-siliciclastic, depending on their host rock which usually correlates with specific 

tectonic settings (Barrie and Hannington 1999). The mafic VMS type occurs generally in the 

Mid-Oceanic Ridge (MOR) and advanced oceanic back-arc settings, the bimodal-mafic type in 

primitive volcanic arcs, the mafic-siliciclastic type in sedimented oceanic rifts or rifted 

continental margins, the bimodal-felsic type in mature volcanic arcs, and the bimodal-siliciclastic 

type in continental arc or rifted continental arc settings (Barrie and Hannington 1999). The 

bimodal-siliciclastic VMS type has the highest total and average tonnage and is Pb-rich and Cu-

poor, whereas mafic VMS type has the lowest total and average tonnage and is Cu-rich and Pb-

poor (Barrie and Hannington 1999). VMS deposits have been generated from the Archean to the 

present day, with VMS deposits being currently formed on the seafloor. The frequency of VMS 

deposit formation has varied through geological time with important VMS formation occurring 

during periods of abundant volcanic arc and back-arc development within the Wilson cycle 

(Titley 1993). In Sweden, the VMS deposits exploited from the Paleoproterozoic Skellefte and 

the Bergslagen districts can be related to bimodal-siliciclastic and bimodal felsic VMS types (e.g. 

Weihed 1996; Allen et al. 1996; Galley et al. 2007). 

VMS deposits form from the development of a hydrothermal system which is triggered by 

a mantle heat source. Seawater penetration in the oceanic crust leads to low temperature 

alteration (<50°C-185°C) of the volcanic section in oxidised conditions and at high water-rock 

ratios (e.g. Alt et al. 1996; Alt et al. 2010). This alteration replaces the primary mineralogy with 

saponite, celadonite, iron oxyhydroxides, chalcedony and minor pyrite, giving the rocks a more 
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greyish colour (Wilson et al. 2003; Teagle et al. 2006; Alt et al. 2010). A drastic change in 

temperature occurs at the transitional zone and downward resulting in an increase of alteration 

rates from sub-greenschist facies to amphibolitic facies (Fig. 2). In the sheeted dyke and plutonic 

complex, fluids have evolved to high-temperature (300°C to >650°C; e.g. Alt et al. 2010) and 

reduced conditions characteristic of hydrothermal fluids. Alteration is pervasive and occurs at 

low water-rock ratio. The primary mineralogy is replaced with chlorite, actinolite, albite, titanite 

and pyrite. 

 

Figure 1. Internal structure of the TAG deposit, a classical modern-day seafloor VMS deposit. From Galley et al. (2007) 

 The crust through which the hydrothermal fluids are circulating is generally considered to 

be the source area of the mobilised metals, although magmatic metal input into hydrothermal 

fluids can also be an important metal source. Solubilities of base metals in fluids, such as Cu and 

Zn, increase significantly at temperatures >350 ºC (Seewald and Seyfried 1990) similar to the 

temperatures of alteration in the sheeted dyke and plutonic complex. Evidence of metal 

mobilisation from the oceanic crust by hydrothermal fluids has been extensively reported (e.g. 

Schiffman et al. 1987; Richardson et al. 1987; Barrie and Hannington 1999). For example, 

depletion of S, Cu and Zn has been documented in the lower sheeted dyke and plutonic complex 
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of the oceanic crust from Ocean Drilling Program (ODP) drill cores (Holes 1256D and 504B; Alt 

et al. 1989; Alt 1995; Teagle et al. 2006; Alt et al. 2010) and depletion of Cu, Zn, Ni and Mn has 

been reported in epidosite alteration areas that characterise the lower parts of the sheeted dyke 

complex such as in Troodos ophiolite, Cyprus (Richardson et al. 1987; Schiffman et al. 1987; 

Schiffman and Smith 1988; Jowitt et al. 2012) or in Josephine ophiolites, United States (Harper 

1999; Fig. 3). 

 
Figure 2. Schema of the hydrothermal fluid circulation in the oceanic crust at Hole 1256D 

High-temperature metal-rich fluids eventually rise toward the seafloor; faults can enhance 

the focus of their upflow towards the seafloor. When interacting with the cold and oxidised 

seawater, the solubility of metals and S decreases drastically in the fluids, leading to the 

precipitation of sulphides and eventually to the formation of a VMS deposit. On the seafloor this 

phenomenon is characterised by the formation of the well-known black smokers. Mixing between 

cold oxidised seawater and hydrothermal metal-rich fluids also occurs in the transitional zone 

where sulphide precipitation occurs, forming relatively large mineralised horizons (e.g. Holes 

1256D and 504B; Alt et al. 1989; Alt 1995; Teagle et al. 2006; Alt et al. 2010). 
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 Gold-rich VMS deposits 2.

VMS deposits can also have relatively high concentrations of Au, As, Sb, Se and Te, 

forming a sub-class of Au-rich VMS deposits (Hannington et al. 1999; Huston 2000; Mercier-

Langevin et al. 2011). Gold-rich VMS deposits are generally identified by an Au to base metals 

ratio superior to unity with Au expressed in g/t and base metals in wt.%. They mostly occur in 

back-arc and rifted arc settings but are also present in the MOR environment (Herzig and 

Hannington 1985). There is little consensus about the causes of the enrichment in Au, As, Sb, Se 

and Te (hereafter referred to as Au and related elements). The processes proposed for enrichment 

in Au and related elements include 1) sub-seafloor boiling in a shallow water environment (Urabe 

et al. 1987; Huston and Large 1989; Butterfield et al. 1990; Poulsen and Hannington 1996; 

Hannington et al. 1999); 2) formation in regions that contain high source area Au concentrations 

(i.e. back-arc basin, Huston 2000; Moss et al. 2001; Pitcairn 2011; or mantle plume, Webber et 

al. 2013); and 3) input of Au and related elements from a magmatic source such as shallow sub-

seafloor intrusions (e.g. Urabe 1987; Stanton 1990; Sillitoe et al. 1996). 

 
Figure 3. Hydrothermal system in the oceanic crust associated with VMS formation. Modified from Galley et al. (2007) 
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Unlike base metals, which are relatively well documented, very little is known about the 

behaviour of Au and related elements during the hydrothermal alteration of the oceanic crust and 

the subsequent mobilisation and precipitation into VMS deposits (Keays and Scott 1976; Nesbitt 

et al. 1987; Korobeynikov and Pertsev 1995). For example, Nesbitt et al. (1987) reported 

mobility of Au from the sheeted dykes during hydrothermal alteration of Hole 504B. However, a 

similar study from the same location but using a different analytical method showed no such 

mobility (Korobeynikov and Pertsev 1995). There have been no reports of the behaviour of As, 

Sb, Se and Te during hydrothermal alteration in the oceanic crust. Systematic investigation of the 

behaviour of Au and related elements during hydrothermal alteration of the oceanic crust would 

greatly improve our understanding of the source-area processes that generate Au-bearing fluids in 

the VMS environment. 

 Oceanic Drilling Project Hole 1256D 3.

Although VMS deposits, and more specifically Au-rich VMS deposits, do not occur 

preferentially in MOR tectonic settings, the ODP Hole 1256D in the Cocos Plate, Pacific Ocean, 

is an ideal location to start investigating the processes that mobilise Au and related elements. The 

Hole 1256D drill core is unique in being the only core to sample a complete section of oceanic 

crust down to the plutonic complex in a MOR tectonic setting (Teagle et al. 2006; Wilson et al. 

2003). The hydrothermal system in the Hole 1256D crust and the resulting alteration are well 

described (Teagle et al. 2006; Alt et al. 2010; Alt and Shanks 2011), providing a solid framework 

for investigation of the mobility of Au and related elements. 

Most of the investigated elements are chalcophile elements and therefore sulphide 

minerals should play an important role in their oceanic crust budget. Although sulphide 

occurrences and control over metals in the oceanic crust has been intensively investigated in 

mineralised zones occurring in the transitional zone (e,g, MacLean 1977; Andrew, 1979; 

Honnorez et al. 1986; Alt et al. 1989; Delacour et al. 2008; Alt and Shanks 2011), little is known 

on their control in the other lithological sections of the oceanic crust. Studies of the transitional 

zone using the ODP 504B drill core highlighted the fact that sulphide mineralised breccias are 

enriched in base metals and in Au, Ag, As, Sb and Se (Honnorez et al., 1985; Hannington et al., 

1990). Sulphide droplets in fresh MORB glass are rich in Cu, Ni, Zn, Co, Au, Sb, Se and Te 

(Patten et al., 2013). Although sulphide minerals are expected to control an important part of 
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these metals’ budgets, other phases such as oxides can also contribute to their mass balance (e.g. 

Keays and Scott, 1976). Moreover, generation of metal-rich hydrothermal fluids is believed to 

occur by sulphide leaching from the lower part of the oceanic crust; however, detailed 

investigation of this process and its implications on metal behaviours has not yet been carried out. 

Systematic investigation of IODP 1256D sulphide population and calculation of mass balance 

would greatly help the understanding of sulphide control over metals and metal mobility during 

hydrothermal alteration of the oceanic crust. 

 PhD aims 4.

The aims of the PhD project presented here are: 1) to quantify the mobilisation of Au and 

related elements during the hydrothermal alteration of the oceanic crust; 2) to determine the 

minerals, such as sulphides, hosting Au and related elements and their evolution during the 

hydrothermal alteration; 3) to compare the behaviour of Au and related elements to base metals 

during the hydrothermal alteration and; 4) to investigate the three first points in different tectonic 

settings. This thesis contains two manuscripts that focus on Au and related elements in Hole 

1256D. The first manuscript, which is soon to be submitted to Mineralium Deposita, investigates 

the quantity of Au, related elements and base metals mobilised from the oceanic crust at Hole 

1256D during the hydrothermal alteration. The second manuscript, which is an early version and 

will be subject to modifications, investigates the role of sulphide minerals on the distribution of 

Au, related elements and base metals in the oceanic crust at Hole 1256D and their evolution 

during hydrothermal alteration. 

Geological settings at IODP Hole 1256D 

The oceanic crust at drilling site 1256D is a 15 Myr-old crust generated from a superfast 

spreading ridge (~200mm/yr) and is located in the Cocos Plate (6.736° N, 91.934° W; Wilson et 

al. 2003). The oceanic crust can be divided into four main lithological units: the volcanic section 

from 250 to 1004 mbsf, the transitional zone from 1004 to 1061 mbsf, the sheeted dyke complex 

from 1061 to 1407 mbsf and the plutonic complex from 1407 to 1507 mbsf (Fig. 4). Four 

expeditions recovered material from the whole crust: ODP leg 206, IODP leg 309, 312 and 335 

(Wilson et al., 2003; Teagle et al., 2006). 
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The volcanic section is capped by a lava pond on the first 100m that was formed during 

off-axis volcanism events; the lower section comprises phyric to aphyric sheeted flows and 

generally aphyric massive units (Wilson et al., 2003; Teagle et al., 2006). The transitional zone is 

mainly composed of aphyric sheeted flows with some mineralised breccias at 1028 mbsf (Teagle 

et al., 2006). The sheeted dyke complex comprises massive aphyric basalt with common sub-

vertical intrusive contacts (Teagle et al., 2006). Due to intrusion of underlying gabbros, high-

temperature recrystallization occurs in the lower part of the sheeted dyke complex giving a 

granoblastic texture (Teagle et al., 2006). The plutonic complex is characterised by two gabbro 

intrusive bodies: the upper gabbro, characterised by a complex plagioclase-clinopyroxene-oxide 

texture (Teagle et al., 2006; Koepke et al., 2008) and the lower gabbro body, consisting of 

medium-grained gabbro-gabbronorite containing plagioclase, clinopyroxene, orthopyroxene and 

oxides. 

 
Figure 4. Lithostratigraphy at IODP Hole 1256D with Mg#, Y and K2O as indicators of the degree of 

differentiation and seawater alteration. Major secondary minerals and temperature are also shown. Modified 

from Teagle et al. (2006) and Alt et al. (2010). 
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Analytical methods 

 Whole rock data 5.

Rock chips and powdered rock samples from the Hole 1256D drill core were prepared at 

the National Oceanographic Centre Southampton (NOCS), United Kingdom. Whole rock data for 

S, Cu, Zn, Pb, major and trace elements are from Harris (2011). Copper, Zn, major and trace 

elements analyses were carried out by X-ray fluorescence spectrometry (XRF) using a Phillips 

PW2404 automatic X-Ray Spectrometer following the method in Pitcairn et al. (2006a). 

Measurements of S content were carried out on a LECO CS 225 CS and Pb data were carried out 

by ICP-MS with a Thermo Fisher X-series mk. 

A suite of 63 representative samples has been selected for Au and related elements 

analyses. Gold analyses were carried out at Stockholm University using a Thermo XSeries 2 

induced plasma mass spectrometer (ICP-MS) following the ultra-low detection limit method 

described in Pitcairn et al (2006a). Analytical precision for Au analysis was controlled through 

analysis of CANMET reference material TDB1 and USGA reference materials WMS-1, and CH-

4. Arsenic, Sb, Se and Te analyses were also carried out at Stockholm University by Hydride 

Generation-Atomic Fluorescence Spectrometry (HG-AFS) using a PSA 10.055 Millennium 

Excalibur instrument following the method described in Pitcairn et al. (2006b). Analyses were 

carried out on the same acid digests as used for gold analysis. Reference materials TDB-1, WMS-

1 and CH-4 along our internal reference sample BAS 206 were used to control analytical 

precision and accuracy. 

 Whole rock mass variation calculation 6.

Primary oceanic crust composition is determined from least altered samples in order to 

calculate mass variations during hydrothermal alteration. Mass variations of the investigated 

elements during hydrothermal alteration are calculated using the method developed in Nesbitt 

(1979) for As, Sb and Te and in Jowitt et al. (2012) for Au, Se, S, Cu, Zn and Pb. The fresh glass 

database from Jenner et al. (2012) is used to determine element behaviour during magmatic 

differentiation, enabling determination of their distribution in the oceanic crust before 

hydrothermal alteration. These calculations enable accurate calculation of the mass variation for 

each element in the different lithological units, taking into account their primary distribution in 

the oceanic crust. Mass variation calculations are detailed in manuscript I. 
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 In situ analyses 7.

Optical microscopy by transmitted and reflective light was carried out on 45 thin polished 

sections representative of the whole crust section prior to in situ analysis. Of the 45 thin polished 

sections selected, 14 had suitable sulphide minerals for electron probe micro-analyses (EPMA) 

and laser ablation (LA-ICP-MS) analyses. Electron probe micro-analyses were carried out at 

Uppsala University, Sweden, with a JXA-8530F JEOL SUPERPROBE. Analyses by LA-ICP-

MS were carried out at Stockholm University using a ThermoFisher X-series II quadrupole mass 

spectrometer coupled to a NewWave 213 laser. Data reduction used IOLITE software. Counts of 

the following isotopes were monitored: S33, Fe 57, Ni 60, Cu 65, Zn 66, As 75, Se 76, Se 77, Se 

78, Se 82, Pd 105, Pd 106, Ag 107, Pd 108, Ag 109, Sb 121, Sb 123, Te 125, Ir 193, Pt 195, Au 

197, Hg 200, Hg 202, Pb 208. Calibration was achieved using three reference materials: Trans-1, 

a synthetic Fe-Ni sulphide doped with 17-25ppm As, Sb, Se and Te (Wohlgemuth-Ueberwasser 

et al., 2014); NiS3, a fused nickel sulphide doped with 20-24ppm Au and PGE (Gilbert et al., 

2013); and MASS-1, a pressed pellet (Fe–Zn–Cu–S) doped with 50–70 ppm As, Ag, Pb, Sb, Se 

and Te supplied by the United States Geological Survey. Accuracy of calibration was checked by 

monitoring the isotopes using MASS-1, NiS3 and PGE_8a (Wohlgemuth-Ueberwasser et al., 

2007). 

Results and discussion 

 Metal mobility in Hole 1256D during hydrothermal alteration 1.

Results and discussion of this study are detailed in the two following manuscripts and are 

summarised in this section. Gold and related elements show a distribution in Hole 1256D which 

is attributed to the effect of hydrothermal fluid and seawater-derived fluids circulation (Fig. 5). 

During the hydrothermal alteration of the oceanic crust at IODP Hole 1256D, efficient 

mobilisation of metals has occurred. Gold, related elements and base metals are mobilised from 

the sheeted dyke and the plutonic section; As, S, Au, Se and Cu are the most efficiently mobilised 

(-47%, -46.2%, -46.1%, -27% and -13.1%, respectively), followed by Zn, Pb and Sb (-9.6%, -9% 

and -5.7%, respectively, Fig. 3). Tellurium is the only element which appears to be immobile 

during hydrothermal alteration. All elements except Zn show similar depletion patterns being 

mobilised from ~1100-1150 mbsf and downward. Zinc is the only element which is enriched in 

http://www.sciencedirect.com/science/article/pii/S0169136813001637#bb0085
http://www.sciencedirect.com/science/article/pii/S0169136813001637#bb0085
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the upper sheeted dyke section and is mobilised from ~1300 mbsf. This enrichment fractionates 

Zn from other metals during hydrothermal fluid circulation and could partly account for mafic 

VMS being Cu-rich relative to Zn.  

All elements, except Cu, are strongly enriched in the sulphide-rich samples of the 

transitional zone. Arsenic, Sb, Se and Pb are also enriched in background altered samples, 

suggesting enrichment in silicate or oxides phases. Arsenic and Sb are being taken up by the 

volcanic section in background-altered samples during seawater-derived fluids circulation (31.5% 

and 19.9%, respectively). Such enrichments can have implications for mantle wedge 

contamination during subduction. In oceanic crust more open to seawater circulation, substantial 

As and Sb enrichment in the volcanic section could happen and could have more impact on 

mantle wedge contamination. 

 
Figure 5. Interpretation of the behaviour of the investigated elements during hydrothermal fluid circulation. 
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Hydrothermal fluids generated at Hole 1256D have a metal content capable of forming 

mafic VMS deposits. Relative differences in metal content of the hydrothermal fluids and metal 

enrichments in mafic VMS deposits are minor but highlight the importance of precipitation 

efficiency during VMS formation. Calculation of reaction zone sizes for given VMS deposits 

shows that metals have different mobility during hydrothermal alteration (Fig. 6). Important 

quantities of metals are mobilised from the oceanic crust during hydrothermal alteration, with 

only a portion being trapped as VMS deposit and most of it being released into the ocean. Gold 

content relative to base metals in hydrothermal fluids generated at Hole 1256D is similar to those 

of mafic VMS deposits but lower than that of Au-rich VMS. A ten-fold enrichment of Au relative 

to base metals would be required to form Au-rich VMS deposit from the Hole 1256D oceanic 

crust. 

 Paragenesis of the sulphide population in the oceanic crust and its metal content 2.

In-situ analyses of the sulphide minerals present in IODP Hole 1256D drill core enables 

determination of the paragenesis of the sulphide population in the oceanic crust and its control 

over metals during hydrothermal alteration and their influence on the generation of metal-rich 

VMS forming hydrothermal fluids. The sulphide population in IODP Hole 1256D is divided into 

six groups: the magmatic, metasomatised, high temperature hydrothermal, low temperature, 

pyrite front and patchy sulphides (Fig. 7). 

The magmatic sulphide group represent relics of primary sulphides that host relatively 

important metal content. The initiation of hydrothermal alteration leads to metasomatisation of 

the magmatic sulphide at 250-350 ºC under oxidising conditions without important metal 

mobilisation. Increase in the hydrothermal alteration leads to leaching of the metasomatised 

sulphides at temperatures >350 ºC and causes metal release (Fig. 8). During leaching, residual 

enrichment occurs in the metasomatised sulphides in Se, Ag, Te, Hg and Au due to sulphide 

volume loss. Additionally, hydrothermal fluid composition in metal is likely to vary depending 

on the degree of sulphide leaching and could have implications on VMS deposit evolution. 

Subsequent to metal leaching, during migration of metal-rich hydrothermal fluids toward 

the seafloor, mixing with cold seawater triggers precipitation of high-temperature hydrothermal 

sulphides that are responsible for the high metal enrichments observed. In the volcanic section, 

low-temperature sulphides are associated with background alteration and control most of the Se  
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Figure 6. Reaction zones necessary to mobilise metals from the oceanic crust in order to form a) the TAG active mound 

deposit and b) the GFHF Zone a deposit. See manuscript I for details. 
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Figure 7. Paragenesis of the sulphide population at IODP Hole 1256D. See manuscript II for details 

and part of the Cu and Pb. Pyrite fronts form on the border of alteration halos due to S 

remobilisation and control most of the As, Sb and Se. Arsenic and Sb precipitates from seawater, 

leading to whole rock enrichment, whereas Se is mobilised from the alteration halos. Late-stage 

seawater circulation occurs in the sheeted dyke and the plutonic complex, resulting in local 

precipitation of patchy sulphides which control most of As, Au and Cu and part of the Se, Te and 

Sb, suggesting that non-negligible metal remobilisation can occur after hydrothermal alteration. 
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Figure 8. Evolution of sulphide phases during metasomatisation and sulphide leaching by hydrothermal fluids. 

Future work 

Future work will comprise investigations similar to those carried out in Hole 1256D but in 

different tectonic settings: the Troodos ophiolite, Cyprus, and the ODP Leg 125 at site 786 in the 

Izu-Bonin arc (Fig. 9). The Troodos ophiolite exposes a complete sequence of oceanic 

lithosphere composed of mantle hazburgite, gabbros, sheeted dykes, lavas and seafloor 

sediments. Troodos hosts numerous Cu-rich VMS deposits within the lava sequence and Au-rich 

mineralisations are common and are currently being explored by mining companies. Large areas 
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of epidotisation occur in the sheeted dykes and represent the source areas of base metals 

precipitated in the VMS deposits (Richardson et al. 1987; Schiffman et al. 1987; Schiffman and 

Smith 1988; Jowitt et al. 2012); no studies, however, have focused on Au and related elements in 

these areas. Troodos ophiolite is a unique natural laboratory to study the behaviour of Au and 

related elements in the oceanic crust. Investigation of Au and related elements behaviour in 

Troodos ophiolites enables a 3D understanding of their behaviour during hydrothermal alteration, 

from source area to VMS deposits, which is not provided by investigation of oceanic drill cores. 

The comparison of the mass balance of epidosite areas with that of Hole 1256D can highlight 

unknown processes that may eventually lead to Au-rich VMS deposits. 

 

Figure 9. The Troodos ophiolite, Cyprus. From Jowitt (2008) 

The Izu-Bonin Arc, located in the western Pacific Ocean, contains a complex series of 

oceanic arcs, basins and trenches (Fryer et al. 1992). Drilling at site 786B recovered 700m of 

basement rocks of the Izu-Bonin fore-arc. The composition of recovered rocks varies from 

boninites to rhyolite and represents more evolved material than in Hole 1256D. The degree of 

alteration varies from fresh unaltered rocks to high-temperature hydrothermal alteration at depth 
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(Alt et al. 1998). The hydrothermal history at site 786B has been well documented (Alt et al. 

1998) and will provide a useful background for investigation of Au and related elements. A suite 

of samples from 786B has been sent to us by Prof. Jeff Alt at Michigan University, USA. This 

investigation will enable us to better understand the behaviour of Au and related elements in a 

more evolved oceanic crust system and to compare it with Hole 1256D and the Troodos 

ophiolite. 
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