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Executive Summary (entire report) 

Introduction  

Given current predictions for global warming by the IPCC, there has been strong pressure and 

a growing urgency for countries to divest from fossil fuels and embrace a variety of renewable energy 

technologies. Large scale implementation of new energy saving and renewable technologies will 

however require vast amounts of traditional resources (e.g. copper, iron, zinc), and also metals which 

have not been historically mined in significant quantities (such as tellurium, cobalt, lithium, and the rare 

earth elements). The latter are the technology metals, with many deemed Critical Raw Materials  

(CRMs). Significantly, these metals often occur as by-products from the mining of other materials, and 

production is dominated by a handful of countries (often China). UK criticality for technology minerals 

and metals was recently assessed by the British Geological Survey. Eighteen minerals were identified 

for the UK Critical Minerals List in 2021 (in alphabetical order; Lusty et al. 2021): antimony, bismuth, 

cobalt, gallium, graphite, indium, lithium, magnesium, niobium, palladium, platinum, rare earth 

elements, silicon, tantalum, tellurium, tin, tungsten, vanadium. Of joint highest global risk were 

tellurium, gallium, germanium, and the rare earth elements.  

Given the above, and to relieve fears over resource nationalism, there is a global rush to find 

new resources to meet the growing demand for the energy transition. The International Energy Agency 

estimate that by 2040 we will need four times the amount of critical metals (IEA, 2021). In July 2022 

the British Geological Survey (BGS) launched the Critical Minerals Intelligence Centre (CMIC) to 

improve the resilience of the UKôs critical mineral supply chain. For a future UK mined supply to be 

identified, studies on the CRM potential of the UKôs geology are warranted. These will have to include 

detailed mineralogical investigations of known deposits and discovered mineral prospects of varying 

type and stage of development (i.e. from mere showings of mineralization to operating mines). 

This report investigates the CRM potential of the Curraghinalt gold deposit and related rocks 

of the Dalradian Supergroup of Northern Ireland. It briefly discusses the Cavanacaw gold deposit, a 

number of regional gold veins of the western Sperrin Mountains, and younger Tyrone Igneous Complex. 

The report is divided into several sections, including: background to the importance of CRMs for the 

Energy Transition and Net Zero (Section 1, page 10); aims and objectives (Section 2, page 15); an 

extensive literature review on the regional geology and vein mineralization at Curraghinalt and 

Cavanacaw (Section 3, page 16); a detailed assessment of extensive whole rock geochemistry data 

provided by Dalradian Gold from across the Sperrin Mountains to assess the potential for CRMs 

(Section 4, page 38); petrographic and chemical analysis of mineral phases from Curraghinalt (Sections 

5 and 6, pages 59 and 78); and finally a discussion on the implications of this work (Section 7, page 

86). Executive summaries accompany sections three to six of the report. 

Background to regional gold occurrences 

Gold mineralization is widespread across the UK and Irish Caledonides, but economic deposits 

by their nature, are rare. Curraghinalt is one of the worldôs largest undeveloped Au mines by grade, and 

the largest Au deposit in the UK by some margin. The deposit occurs approximately 116 km west of 

Belfast in Co. Tyrone of Northern Ireland. The defined resource (2018) is based off 16 veins for a total 

of 6,099,000 oz of contained Au. Significant gold resources have also been identified at Cononish 

(266,000 oz Au) near Tyndrum in Scotland, operated by Scotgold Resources, and Cavanacaw (521,109 

oz Au) near Omagh in Northern Ireland, operated by Galantas Gold.  

Mineralization at Curraghinalt is hosted by the Dalradian Supergroup, a package of 

metasedimentary rocks deposited during the opening of the Iapetus Ocean (at 600 Ma; Cooper and 
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Johnston, 2004). These were deformed and metamorphosed during the c. 475-465 Ma Grampian 

orogeny, during ocean closure. Mineralization is strongly structurally controlled, and hosted by a series 

of narrow, WNW-ESE trending and moderately to steeply NNE dipping, stacked quartz-carbonate-

sulphide veins (Parnell et al. 2000). Four main generations of quartz have been noted, with the second 

and fourth associated with gold (or more accurately electrum ï gold-silver alloy; Wilkinson et al. 1999; 

Parnell et al. 2000). The early gold is hosted by electrum inclusions in pyrite (Fe-sulfide), whereas the 

later electrum is associated with minerals infilling fractures in pyrite, along with chalcopyrite (Cu-Fe 

sulfide) and other phases (Sb-As-Cu sulfosalts, carbonate, barite). A variety of telluride minerals occur 

with both generations of gold. These tellurides are an important host for Bi, Te, Au, Ag and Hg in the 

deposit.  

Recent age dating by Rice et al. (2016) on the Curraghinalt deposit has established that the 

entire deposit (both main gold events) formed within a relatively narrow window during the late 

Ordovician (at 463-453 Ma). An elegant model for the formation of the Curraghinalt deposit was 

presented by Shaw et al. (in prep). The results of this work have great implications for: i) the discovery 

of high Au ore shoots in the deposit; ii) understanding the formation of the deposit in general; and iii) 

understanding controls on CRM abundance at Curraghinalt.  

Assessment of geochemical datasets 

For this study the author was provided with Dalradian Goldôs extensive database of whole rock 

geochemistry, covering all of their licence areas. CRM enrichment at Curraghinalt is discussed in 

relation to vein type (i.e. the main resource veins vs. their associated splays), vein name, vein fill texture, 

and spatial distribution.  

It is evident that that main resource veins (the D veins) are significantly more enriched in a 

variety of critical metals than their associated splays (the C veins). Gold, Ag, Te, Bi, Sb, Cu, Mo and 

As are significantly more enriched in the resource veins. Zinc and Co contents are similar in both the 

resource veins and their splays. Gallium is notably higher in the C veins than the D veins ï though it is 

still at low levels. Cadmium and W concentrations in both the C and D veins are low. The bulk of Ge, 

Se, Sn and Tl data is at detection. Given the absolute concentrations, Te is the main CRM of interest at 

Curraghinalt. The deposit is also locally enriched in Sb and Bi. Cobalt and Mo concentrations are low 

apart from very rare samples. 

A number of significant correlations occur between the base, precious and critical metals (e.g. 

Bi-Te, Au-Ag, Sb-Cu, Ag-Bi), which are explained by the observed mineralogy at Curraghinalt. Given 

the relatively simple relationship between Au grade and Te concentration, the latter can be estimated 

where data is lacking for this element. Several of the veins show metal correlations that are relatively 

unique, reflecting the slightly varying metal signatures (and mineralogy/mineral abundances) of the 

veins themselves. Whole rock geochemical data was also visualised spatially across some of the 

modelled veins where there was sufficient sampling.  Areas of higher Te, Bi and Sb concentrations are 

most likely related to the high-grade ore shoots described by Shaw et al. (in prep). When CRM 

abundance is plotted against vein texture, the highest Au, Ag, Bi and Sb contents occur in veins with 

open fill (as opposed to sheared) textures. Although no Te data was available for samples classified by 

vein texture, Te concentrations are likely to behave in a similar manner given Au-Ag-Bi-Te correlations 

across the deposit.  

CRM abundance was also investigated relative to Co/Ni ratios and two different alteration 

indices. Higher Co/Ni ratios are associated with higher Au, Ag, Bi, Te, Sb and Cu, most likely due to 

slight cobalt mobility during the late Au event. Higher Chlorite-Carbonate-Pyrite Index values are also 

associated with higher Au, Ag, Bi, Te, Sb and Cu due to the abundance of late carbonate associated 
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with electrum, tellurides, chalcopyrite and sulfosalts. The Co/Ni ratio and CCPI alteration trends might 

be used as a guide in regional exploration where mineralized veins are missed, but adjacent 

hydrothermally altered wall-rock shows enrichments with higher Co/Ni and/or CCPI values.  

CRM enrichment at several regional prospects is discussed, with data shown respective to 

Curraghinalt. Enrichments in CRMs are greatest where significant zones Zn-Pb, Au-Ag or Cu 

mineralization have already been discovered (e.g. Glenlark, Scotch Town, Cashel Rock, Crosh).  

Mineralization and metal deportment 

Sections 5 and 6 of the report present an investigation into the mineralogy of the Curraghinalt 

gold deposit. This is to determine the mineral hosts for critical metals. A new paragenetic diagram is 

presented for vein formation at the end of Section 6.  Thirteen rock samples were collected from cores 

drilled by Dalradian Gold. Samples were examined using traditional microscopy techniques to identify 

the major and trace mineral phases present. An additional suite of thin sections were provided by 

Dalradian Gold. Of the entire batch of thin sections, twelve were also examined by Scanning Electron 

Microscopy to identify phases too small to distinguish using a regular microscope (Section 5). Mineral 

chemistry was determined for four samples using an electron microprobe to establish minor metal 

deportment in the sulfides, sulfosalts and tellurides (see Section 6). 

The main mineralization assemblage at Curraghinalt is dominated by pyrite (Fe-sulfide) with 

lesser chalcopyrite (Cu-Fe sulfide), tetrahedrite-tennantite (As and Sb bearing Cu-sulfosalts), plus trace 

electrum (Au-Ag alloy) and various tellurides (discussed below). Arsenopyrite (As-Fe sulfide), 

arsenian-pyrite, sphalerite (Zn-sulfide) and galena (Pb-sulfide) can occur locally in small amounts. 

Molybdenite is restricted to the late features described by Rice et al. (2016). A range of tellurides occur 

in the deposit in trace amounts through the resource veins, which are an important host for tellurium, 

bismuth, gold, and silver. The most abundant telluride minerals include (in order of decreasing 

abundance) tellurobismuthite (Bi2Te3), volynskite (AgBiTe2), tetradymite (Bi2Te2S), hessite (Ag2Te), 

petzite (Ag3AuTe2). Calaverite (AuTe2), coloradoite (HgTe) and altaite (PbTe) also occur, though the 

latter is extremely rare. The mercury telluride coloradoite is restricted to specific samples.   

New modifications to the existing models include:  i) Contrary to the suggestions of Stratford 

and McClenaghan (2020), an early gold event does exist at Curraghinalt. Early rounded to sub-rounded 

inclusions of electrum in pyrite do contain higher Au contents, than the late electrum introduced during 

the later fracturing process.; ii) Tellurides are associated with both of these gold events, and the latter 

event is associated with the most tellurides. All telluride phases recognised, occur during both the early 

and late gold events. One possible exception is Pb telluride mineral altaite, as this was only observed 

during the fracture fill assemblage; iii) New minerals (not described by Shaw 2023) are identified, 

including two distinct types of sphalerite, early barite inclusions in pyrite, early Hg-tellurides, the 

recognition of Pb telluride, and recognition of a FeAsS phase containing significant cobalt and nickel, 

as inclusions in quartz. The latter mineral could either be Co-Ni enriched arsenopyrite, or more likely 

an Fe-rich version of glaucodot.   

The late shear features of Rice et al. (2016) have been re-examined. These features previously 

interpreted as late shear zones introducing a third generation of gold into the deposit. In the authors 

opinion these features are stylolites that form due to dissolution under pressure. They contain abundant 

minerals dissolved out of the veins, including abundant zircon and rutile that could not have formed 

from a precipitating solution or locally entrained. The third gold event of Rice et al. (2016) thus seems 

unlikely. 
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Significance 

The most significant critical metal enrichments at Curraghinalt are silver, copper, tellurium, 

antimony and bismuth (in descending importance). Although often overlooked from CRM lists, silver 

and copper are both crucial for the energy transition. Copper was recently added to the EU Critical 

Minerals and Metals List (European Commission, 2023). Silver is used in electric vehicles and 

photovoltaics. Given tellurium concentrations at Curraghinalt show a relatively simple relationship to 

gold, a preliminary approximate resource has been estimated based on the available data. It is estimated 

here that there are 37 t of Te in the 2016 Curraghinalt 2016 Reserves, and approximately 157 t of Te in 

the larger 2018 Resource. However, it should be stressed that these numbers are preliminary estimates 

based on Au grade, and could vary from the true value. According to the Curraghinalt feasibility study, 

a total of 1.35 Moz of gold is planned to be recovered over an initial 11 year mine life. Production of 

tellurium can therefore be estimated to be between 3 and 4 t per year (assuming full recovery). It is 

likely a significant proportion of tellurides can be recovered using the planned processing, though 

detailed geometallurgical studies are required.  

The Curraghinalt Au-Ag-Cu deposit represents the most viable source for the UK securing a 

domestically mined supply of tellurium in the short to medium term (next 20 years), even if other 

deposits are discovered soon. As tellurium is a produced as a by-product, it will require an operating 

gold-silver-copper mine. Although the Cononish gold deposit of Scotland contains higher Te/Au ratios 

than Curraghinalt, it is a far smaller resource (and has previously been estimated to host 7 t of Te; House 

of Commons, 2011). At Cavanacaw in Northern Ireland, although minor amounts of tellurides have 

been recorded to be present in the gold veins by a number of early researchers, this has not been 

confirmed by recent studies (Shaw et al. 2022; Shaw, 2023). The deposit lacks the Bi-Te signature seen 

at Curraghinalt, which can be explained through well documented geological processes (Shaw, 2023).  

There is significant potential for CRM enrichment in other mineral deposits located in Counties 

Tyrone and Londonderry. These include: 1) in the Mullaghcarn Formation of the Dalradian Supergroup 

associated with orogenic gold styles of mineralization; 2) in the Glengawna Formation of the Dalradian 

Supergroup associated with sediment-hosted Zn-Pb-Ag-Au mineralization (e.g. at Glenlark); and 3) in 

the Tyrone Igneous Complex of Northern Ireland for volcanic hosted Zn-Cu-Pb-Ag-Au and intrusion 

related Cu-Au mineralization. Any future production from these other areas would again require an 

operating primary zinc-copper-lead or gold-copper mine, where CRMs will be a by-product. 

Recommendations are provided for future avenues of research. 
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Section 1 

Project Context 

The Green energy transition: a shifting focus for metals 

Given current predictions for global warming by the IPCC and the resultant environmental 

consequences (IPCC 2022), there has been strong pressure and a growing urgency for countries to divest 

from fossil fuels and embrace a variety of renewable energy technologies. Such technologies will be 

needed to decarbonise the global economy (BGS, 2022) and bring UK greenhouse gases to net zero by 

2050. According to the UK Government Net Zero Strategy - Build Back Greener (HM Government, 

2021, p87): 

ñNet zero will mean maximising the value of resources within a more efficient circular economy. It will need a 

significant increase in the use of certain types of resources ς critical minerals like lithium, graphite, and cobalt, 

as well an increased demand on resources like copper and steel ς from manufacturing green technologies to 

building large-ǎŎŀƭŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦέ 

This pressure is further seen at the consumer level, with financial incentives in place to reduce personal 

carbon footprints through the installation of solar panels, adoption of electric vehicles, and uptake of 

energy saving solutions such as heat pumps and biomass boilers. A shift to these green energy 

technologies will have significant effects on global mineral demand ï which is not only increasing, but 

diversifying (Achzet et al. 2009; Bloomberg, 2022), as illustrated in Figure 1.1.  

 

Figure 1.1. The Diversification of metals required for essential technologies through time. From Achzet et al. (2009). 

Large scale implementation of new energy saving and renewable technologies will require vast 

amounts of traditional resources, such as copper, iron, zinc and nickel (used for electrical wiring and 

galvanised steel), and also metals which have not been historically mined in significant quantities 

(Figure 2). The latter are the óe-techô or technology metals, such as antimony (Sb), bismuth (Bi), 

cadmium (Cd), gallium (Ga), germanium (Ge), indium (In), lithium (Li), niobium (Nb), the rare earth 

elements (REE) and tellurium (Te). These are used in a variety of applications from electric vehicles, 

solar panels and light emitting diodes, to carbon capture and storage. Significantly, these metals often 

occur as by-products from the mining of other materials, and are restricted to specific types of mineral 

deposits. This often means that global production is dominated by a handful of countries, where they 

are significantly enriched to be economically recoverable. Current supply chains are often reliant on a 

handful of producers. 

Cobalt, for example, an essential component of new battery technologies, is a by-product of 

copper-nickel mining, with ~65% of the worldôs cobalt supply mined from the Democratic Republic of 
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Congo (Horn et al. 2021). Only 2% is produced as a primary product, from one mine in Morocco. This 

means that the price and availability of cobalt is volatile and fluctuates with nickel-copper production. 

A similar dependency is seen for a wide variety of other metals essential for the green energy transition, 

such as tellurium used in solar panels. More than 90% of global tellurium is produced from anode slimes 

collected during electrolytic copper refining (USGS, 2022a). The remainder is typically derived from 

skimmings at lead refineries, and from flue dusts and gases generated during the smelting of bismuth, 

copper and lead-zinc ores (USGS, 2022a). The copper extraction from a number of these deposits is 

often only economically viable due to the associated gold. 

China currently dominates the global production of many technology metals. This is apparent 

from Chinaôs percentage of global production values for the following list (after Lusty et al. 2021): 

antimony (60%), bismuth (40%), gallium (90%), germanium (89%), graphite (63%), indium (62%), 

magnesium (90%), molybdenum (42%), nickel (30%), REE (54%), silicon (79%), tellurium (69%), tin 

(49%), titanium (34%), tungsten (81%), vanadium (53%). A sobering fact is many of these metals are 

also recycled at rates significantly below 5%. 

Given the above, there is a global rush to find new resources to meet the growing demand for 

the energy transition (Goodenough et al. 2018), and to reduce supply risk from potential resource 

nationalism and political instability. Materials deemed of high economic importance and high supply 

risk are termed ócriticalô. The International Energy Agency estimate that by 2040 we will need four 

times the amount of critical metals (IEA 2021). To limit global warming to 3°C, and rapidly adopt these 

technologies, Cu and Al demand is forecast to increase by 30% by 2040, Ni by 60%, Co by 200% and 

Li by 600% (Flowers 2020). These growth rates are increased if we want to mitigate climate change 

further.  Projected demand for a number of metals is shown in Figure 1.2. 

 

 

Figure 1.2 (left).  

Summary demand outlook for 

selected metals needed for the 

green energy transition through 

to 2050 at the global scale. 

Historical production is shown 

for comparison. Figure from 

Watari et al. (2020). Note the 

increased demand for tellurium 

and silver in particular.  
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UK Critical Raw Materials  

Which materials that are deemed critical is country and time dependant. Critical Raw Material 

(CRM) lists are related to national interests ï for example those used in manufacturing, military 

applications and agriculture. The degree of criticality for specific products may change rapidly, as 

political situations change, new mines are brought online, and materials are substituted in 

manufacturing processes. However, there is often significant overlap between western nations.  

Lusty et al. (2021) recently assessed UK criticality for technology minerals and metals. The 

UK CRM List of 2021 comprises the following: antimony (Sb), bismuth (Bi), cobalt (Co), gallium (Ga), 

graphite, indium (In), lithium (Li), magnesium (Mg), niobium (Nb), palladium (Pd), platinum (Pt), the 

rare earth elements (REE), silicon (Si), tantalum (Ta), tellurium (Te), tin (Sn), tungsten (W) and 

vanadium (V). Many other metals, whilst of high economic importance (e.g. iron and zinc) do not 

currently have significant risk to UK supply. The UK CRM list is comparable to those produced by the 

USA (USGS 2022b), Canada (Government of Canada 2021) and European Union (European 

Commission 2020) in recent years, and reflects the dominance of China, and to a lesser extent Russia, 

in the extraction and/or refinement many of the worldôs leading commodities.   

The recently launched UK critical minerals strategy (HM Government 2022) aims to: i) 

accelerate the growth of the UKôs domestic capabilities, ii ) collaborate with international partners, and 

iii ) enhance international markets to make them more responsive, transparent and responsible. As stated 

in the UK critical minerals strategy: 

ά¢ƘŜ ǿorld in 2040 is expected to need four times as many critical minerals for clean energy technologies as it 

does today. However, critical mineral supply chains are complex and opaque, the market is volatile and 

ŘƛǎǘƻǊǘŜŘΣ ŀƴŘ /Ƙƛƴŀ ƛǎ ǘƘŜ ŘƻƳƛƴŀƴǘ ǇƭŀȅŜǊ Χ Lt is vital that we make our supply chains more resilient and more 

diverse to support British industries of the future, deliver on our energy transition and protect our national 

ǎŜŎǳǊƛǘȅΦ ¢Ƙƛǎ ƎƻǾŜǊƴƳŜƴǘ ƛǎ ǘŀƪƛƴƎ ŀŎǘƛƻƴ ǘƻ ŜƴǎǳǊŜ ǿŜ ǊŜƳŀƛƴ ƛƴ ǘƘŜ ƎŀƳŜΦέ 

In July 2022 the BGS launched the Critical Minerals Intelligence Centre (CMIC, 2022) to 

improve the resilience of the UKôs critical mineral supply chain. Metal security also feeds into a number 

of the UN Sustainable Development Goals (SDGs; UN 2023) such as:  Affordable and Clean Energy; 

Responsible Consumption and Production; and Sustainable Cities and Communities. To accurately 

characterise the UKôs potential source of CRMs detailed assessments will need to be undertaken for a 

variety of deposit styles including (but not limited to): volcanogenic massive sulphide (VMS), orogenic 

Au, porphyry Cu-(Au), vein hosted W-Sn, carbonate hosted Zn-Pb, and lithium deposits.  

Northern Ireland : critical metals for Net Zero 

In December 2021 the Department for the Economy released its new energy strategy towards a 

path to Net Zero (Department for the Economy, 2021). This aims to ñmobilise the skills, technologies 

and behaviours needed to take us towards Net Zero carbon and affordable energy by 2050ò. A robust 

supply of these raw materials is going to be required for the Net Zero goals to be met. For a future 

óhome grown supplyô to be identified, studies on the CRM potential of Northern Ireland are warranted. 

These will have to include detailed mineralogical investigations of known deposits and discovered 

mineral prospects of varying type and stage of development (i.e. from mere showings of mineralization 

to operating mines). 

The geology of Northern Ireland is essentially divisible into four major crustal regions of 

different age and geological setting, as shown in Figure 1.3: i) metamorphosed and deformed 

Proterozoic rocks of the Dalradian Supergroup in the NW separated from Ordovician volcanic and 
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igneous rocks (Tyrone Igneous Complex) by the Omagh Thrust; ii ) Silurian to Carboniferous 

sedimentary basin rocks of the SW; iii ) steeply dipping Ordovician and Silurian sedimentary rocks of 

the Down-Longford Terrane in the SE, intruded by Caledonian and Paleogene granitoids (e.g. Newry, 

Mourne Mountains); and iv) Palaeogene basaltic lavas of the Antrim Lava Group in the NE. 

 

Figure 1.3. Simplified geological map of Northern Ireland, with several major mineral localities listed (from Lusty 2016). TIC, 

Tyrone Igneous Complex.  

Using data from the extensive Tellus soil, stream water and stream sediment geochemical 

survey (see Young, 2016), Lusty (2016) produced an assessment of the CRM potential of different 

regions of Northern Ireland. Myriad CRM anomalies were identified (Lusty 2016) that warrant further 

investigation. 

The most significant of these included the following geological units: 

¶ Dalradian Supergroup of the Sperrin Mountains, west county Tyrone and related areas 

(e.g. north Antrim, Lack Inlier) for metals associated with orogenic Au-(Ag) deposits. 

These deposits can be locally enriched in: Bi, Hg, Mo, Sb, Te and W, in addition to 

base metals such as Cu or Pb. 

¶ Ordovician Tyrone Igneous Complex for metals associated with volcanogenic 

massive sulfide (VMS) and porphyry Cu deposits. VMS deposits are mined primarily 

for Zn-Cu-Pb-Au-Ag but can also be enriched in a variety of critical metals that may 

be produced as a by-product (e.g. Bi, Cd, Co, Ga, Ge, In, Sn, Te). Porphyry systems 

can contain significant Mo, in addition to Cu and/or Au.  

¶ The Newry Igneous Complex, Slieve Gullion and Mourne Mountains intrusive 

complexes for REE-Y-Nb mineralization (in alkaline igneous rocks), vein hosted Be, 

Sn-W and other critical raw materials.  

¶ The Antrim Lava Group and related intrusive complexes for Platinum Group Element 

(PGE: Pt, Pd, Ir, Os, Rh, Ru) enrichment, Ni-Cu mineralization and potentially Co.  
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Two major orogenic gold deposits have been discovered in Northern Ireland - Curraghinalt and 

Cavanacaw (detailed in Section 3). A brief summary of each of the CRMs that might be contained at 

Curraghinalt, Cavanacaw and other orogenic gold deposits of the Dalradian Supergroup are provided 

below in Table 1.1. Given that the known mineral assemblages of the Curraghinalt gold deposit includes 

bismuth, silver and gold telluride minerals (Earls et al. 1996; Wilkinson et al. 1999; Parnell et al. 2000), 

our research has focussed on the óorogenic Auô suite of CRMs ï namely Bi, Hg, Mo, Sb, Te and W. 

However, all CRMs were investigated in the available data. Cobalt is also included in Table 1.1 due to 

very localised enrichments at Curraghinalt (see Section 4).  Silver and copper are included given their 

importance for the energy transition. Copper was recently included on the 2023 EU Critical Minerals 

and Metals List (SP Global 2023).   

Table 1.1. Major uses for several CRMs and related metals, and global production statistics for the year 2021. Data sourced 

from the USGS Mineral Commodity Summary report (USGS 2022a) and European Commission (2020). Prices, where 

available, in USD ($) per kg, stated on 23rd March 2023. Note: 1 metric ton = 1000 kg; 1 kg = 32.1507 troy oz; 1 troy oz = 

31.1035 grams. 

Element / 

Price 

Used in 2021 Production 

(metric tons) 

Major Producers 2021 

(top 3) 

Global reserves 

Antimony (Sb) Flame retardants; defence applications; 

lead-acid batteries; metal products; 

ceramics, glass and rubber products  

110,000 t 

(mine 

production) 

China (60,000 t) 

Russia (25,000 t) 

Tajikistan (13,000 t) 

> 2,000,000 t 

Bismuth (Bi) 

 

 

Chemicals ï including cosmetic, industrial, 

laboratory and pharmaceutical; 

metallurgical (additives, fusible alloys) 

19,000 t 

(refinery 

production) 

China (16,000 t) 

Laos (1,000 t) 

Republic of Korea 

(1,000 t) 

Not available. By-

product of lead 

processing 

Cobalt (Co) 

$34/kg 

Batteries; super alloys (aircraft turbine 

engines), cemented carbides for 

cutting/wear resistance; metallic and 

chemical applications; magnets 

170,000 t 

(mine 

production) 

Congo (120,000 t) 

Russia (7,600 t) 

Australia (5,600 t) 

7,600,000 t 

Copper (Cu) 

$9/kg 

Building construction; electrical and 

electronic products; transportation 

equipment; consumer products; industrial 

machinery and equipment 

21,000,000 t  

(mine 

production) 

Peru (5,600,000 t) 

Chile (2,200,000 t) 

Congo (1,800,000 t) 

880,000,000 t 

Mercury (Hg) Dental amalgam; relays, sensors, switches, 

valves; lighting; formulated products; 

batteries 

2,300 t 

(mine 

production) 

China (2,000 t) 

Tajikistan (178 t) 

Not available. Largest 

reserves - China, 

Kyrgyzstan and Peru. 

Molybdenum 

(Mo) 

$74/kg 

Alloys (structural steel); chemical industry 

(catalysts, lubricants, pigments); electrical 

and electronic components; medical and 

agriculture 

300,000 t (mine 

production) 

China (130,000 t) 

USA (48,000 t) 

Peru (32,000 t) 

16,000,000 t 

Silver (Ag) 

$730/kg 

Physical investment; electrical and 

electronics; coins; jewellery; other (inc. 

antimicrobial applications, batteries, inks, 

mirrors, water purification, photography, 

solar cells, dental amalgam) 

24,000 t  

(mine 

production) 

Mexico (5,600 t) 

China (3,400 t) 

Peru (3,000 t) 

530,000 t 

Tellurium (Te) 

$85/kg 

Thin-film solar cells; thermoelectric 

devices; alloy additive (in steel, copper, 

lead, iron), vulcanizing agent and 

accelerator (rubber processing), ceramics 

and glass 

580 t  

(refinery 

production 

China (340 t) 

Japan (75 t) 

Russia (70 t) 

31,000 t 

Tungsten (W) 

 

 

Cemented carbide parts for cutting and 

wear-resistant applications; various alloys 

and speciality steels; electrical 

components; chemicals. 

79,000 t  

(mine 

production) 

China (66,000 t) 

Vietnam (4,500 t) 

Russia (2,400 t) 

3,700,000 t 
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Section 2 

Project Aims and Objectives 

To aid the assessment of Northern Irelandôs potential to host recoverable CRMs, this research 

project focussed on the CRM potential of orogenic gold deposits hosted in the Dalradian Supergroup 

of Northern Ireland, with a focus on the Curraghinalt gold deposit.  This research included the following 

aspects: 

¶ A review of our current state of understanding of the Curraghinalt gold deposit and related 

regional gold occurrences in the Dalradian Supergroup of Northern Ireland. Consultancy and 

unpublished academic studies have been integrated into the review (where relevant) to build a 

holistic model of the deposits formation and styles of mineralization. This work is detailed in 

Section 3. 

¶ Critical metal enrichment within the Curraghinalt gold deposit has been characterized using 

Dalradian Goldôs extensive whole rock geochemical database. Using this dataset correlations 

were determined between the CRMs, major elements (associated with hydrothermal alteration), 

base and precious metals. Principle component analysis was used to further establish 

geochemical correlations and host mineral phases. This work is detailed in Section 4. 

¶ A number of mineralized quartz veins were sampled from the Curraghinalt deposit which have 

high contents of CRMs (e.g. Te, Bi, Sb, Mo, Co) in whole rock geochemical data. The mineral 

assemblages from fourteen samples were characterised by reflected and traditional microscopy, 

with selected samples examined by Scanning Electron Microscopy (SEM) to identify main 

CRM host phases.  This work is detailed in Section 5. 

¶ The major element composition of sulfides, sulfosalts and tellurides were characterised by 

electron microprobe analysis to better understand the CRM mineral deportment at Curraghinalt. 

This work is detailed in Section 6. 

¶ Discussion on which CRMs are enriched in the Curraghinalt deposit and related adjacent rocks 

nearby, and their potential for recovery. Recommendations have been made for future work. 

This work is detailed in Section 7. 

  



 

16 
 

Section 3 

A review of the Curraghinalt gold deposit in its regional context 

Executive Summary of Section 3 

This section presents a literature review summarising published and unpublished research on 

the world class Curraghinalt gold deposit. Additional studies on the Cavanacaw deposit are discussed 

where relevant. Research is discussed chronologically, with discrepancies between studies highlighted. 

All these discrepancies are now resolved. 

Gold mineralization is widespread across the UK and Irish Caledonides, but economic deposits 

by their nature are rare. Curraghinalt is one of the worldôs largest undeveloped Au mines by grade, and 

the largest Au deposit in the UK by some margin. The deposit occurs approximately 116 km west of 

Belfast in Co. Tyrone of Northern Ireland. Mineralization was first discovered at Curraghinalt during 

the early 1980s following regional prospecting efforts across the wider Sperrin Mountains region by 

Ennex International. The defined resource (2018) is based off 16 veins for a total of 6,099,000 oz of 

contained Au. 

Significant gold resources have also been identified at: Cononish, near Tyndrum in Scotland, 

operated by Scotgold Resources, and Cavanacaw, near Omagh in Northern Ireland, operated by 

Galantas Gold. Cononish has estimated measured and indicated resource totalling 541,000 t at 14.3 g/t 

Au, and inferred resource of 75,000 t at 7.4 g/t Au, for a total of 266,000 oz contained Au (Scotgold 

Resources 2015). Cavanacaw has a measured resource of 138,241 t at 7.25 g/t Au, indicated resource 

of 679,992 t at 6.78 g/t Au, and inferred resource of 1,373,879 t at 7.71 g/t Au, for a total of 521,109 oz 

of contained Au (Galantas Gold Corporation 2014). 

Mineralization at Curraghinalt is hosted by the Dalradian Supergroup, a package of 

metasedimentary rocks deposited during the opening of the Iapetus Ocean (c. 600 Ma). These were 

deformed and metamorphosed during the c. 475-465 Ma Grampian orogeny, during ocean closure. 

Mineralization is strongly structurally controlled, and hosted by a series of narrow, WNW-ESE (100° 

ï 290°) trending and moderately to steeply NNE dipping (50° to 75°), subparallel stacked quartz-

carbonate-sulphide veins. The current resource is based on the main extensional (D) veins, and does not 

include their splays (the óC veinsô). Additional vein discoveries occur along strike in each direction at 

Golan Burn and Alwories. Other regional prospects include Glenmacoffer, Rylagh, Erganagh and 

Glencurry. 

Early research on the deposit (Earls et al. 1996, Wilkinson et al. 1999; Parnell et al. 2000) 

focused on establishing a history (or paragenesis) for mineralization during vein formation. Four 

generations of quartz were noted, with the second and fourth associated with gold (or more accurately 

electrum ï gold-silver alloy). The early gold is hosted by electrum inclusions in pyrite (Fe-sulfide), 

whereas the later event is associated with minerals infilling fractures in pyrite, along with chalcopyrite 

(Cu-Fe sulfide) and other phases (Sb-As-Cu sulfosalts, carbonate, barite). A variety of tellurides were 

said to be associated with only the first generation of gold. This was later shown to be incorrect by 

consultancy geologists and Shaw (2023) ï tellurides occur with both phases (also see Section 4 of this 

report). These tellurides are an important host for Bi, Te, Au, Ag and Hg in the deposit.  

According to the early researchers, the first gold event was attributed to the c. 475-465 Ma 

Grampian orogeny, and the later occurred some 150 million years later at c. 320 Ma. More recent age 

dating by Rice et al. (2016) on the Curraghinalt deposit has established that the entire deposit (both gold 

events) formed within a relatively narrow window during the late Ordovician (462.7-452.8 Ma). This 

was established through 40Ar39Ar dating of muscovite and Re-Os dating of molybdenite from late 

óshearsô that cut all generations of quartz. Only localised reactivation of faulting took place at c. 320 
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Ma, explaining the young ages of the early researchers. Importantly, the Ordovician age for gold 

mineralization at Curraghinalt is now in stark contrast to other smaller regional orogenic gold veins that 

formed during the Scandian (Silurian. c. 425 Ma) such as the nearby Cavanacaw deposit (Shaw et al. 

2022), and early Devonian Cononish deposit of Scotland. Mineralization at Curraghinalt is now only 

slightly younger than the youngest dated magmatic activity in the underlying and adjacent Tyrone 

Igneous Complex (c. 464 Ma: Cooper et al. 2011; Hollis et al. 2014). This terrane likely supplied the 

metals to the fluids that formed Curraghinalt. 

An elegant model for the formation of the Curraghinalt deposit was presented by Shaw et al. 

(in prep). The results of this work has great implications for: i) the discovery of high Au ore shoots in 

the deposit; ii) understanding the formation of the deposit in general; and iii) understanding controls on 

CRM abundance at Curraghinalt (as discussed in Section 5). The vein zones, branches and veinlets are 

characterised by different ore textures, that themselves are associated with specific vein orientations, 

thicknesses, sulfide contents and Au grade. This is discussed in detail below. The chemistry of gold 

from Curraghinalt, Cavanacaw and the regional veins was also investigated by Shaw (2023) from both 

vein material and panned samples from rivers. He confirms the two stages of gold mineralization at 

Curraghinalt of the early workers, but significantly recognized a third phase of electrum at Curraghinalt 

containing higher Hg. Regional veins of the western Sperrin Mountains were shown to be similar in 

chemistry to Cavanacaw (and thus related). Importantly, these deposits lack the Bi-Te signature seen at 

Curraghinalt.  

Lastly, Stratford and McClenaghan (2020) presented a detailed study of pyrite chemistry from 

the Curraghinalt deposit. Three pyrite generations were identified (the first two being metamorphic and 

pre ore formation). These each have distinct chemical signatures ï the earliest is Zn-Cu-Pb-Ni rich, the 

second enriched in Au, and third As-poor with high Ag. However, in stark contrast to all earlier 

researchers they suggested that there is no early gold inclusions in Curraghinalt pyrite, and that all gold 

was introduced later through extensive fracturing. This will be shown to be incorrect in the next section 

of the report. It is also disproven by the recent work of Shaw (2023).   
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Background to Curraghinalt  

Curraghinalt is one of the worldôs largest undeveloped Au mines by grade, and the largest Au 

deposit in the UK by some margin. The deposit occurs approximately 116 km west of Belfast in Co. 

Tyrone of Northern Ireland.  

Mineralization was first discovered at Curraghinalt during the early 1980s following regional 

prospecting efforts across the wider Sperrin Mountains region (Clifford et al. 1992; Earls et al. 1996; 

Rice et al. 2016). Five auriferous quartz veins were found in outcrop ï four in Curraghinalt Burn and 

one in Owenkillew River (Clifford et al. 1992). An extensive program of prospecting, trenching, 

geophysics (EM = electromagnetics; and IP = induced polarization) and drilling was used for further 

vein discoveries focussed around Curraghinalt, and delineating their orientation (Earls et al. 1996). 

Following forty years of intermittent, but extensive exploration, it is now known that gold 

mineralization is strongly structurally controlled, and hosted by a series of narrow, WNW-ESE (100° ï 

290°) trending and moderately to steeply NNE dipping (50° to 75°), subparallel stacked quartz-

carbonate-sulphide veins (Parnell et al. 2000; Shaw et al. unpub). The veins themselves are complex 

composite structures, which formed during multiple episodes of opening, fracturing, shearing and 

mineralization (Wilkinson et al. 1999). Vein thickness ranges from a few cm to 5 m (SRK, 2018).  

Two distinct episodes of underground development have been undertaken on the deposit: from 

1987 to 1989 by Ennex International Plc; and from 2015 to 2016 by Dalradian Gold Ltd (Clifford, 1986; 

Earls et al., 1989; Clifford et al., 1992; SRK, 2018; Shaw et al. in prep). This includes 1785 m of 

underground development, and 178,130 m of coring (including extensive underground drilling; Shaw 

et al. in prep). The defined resource (dated May 10, 2018) is based on sixteen veins which display a 

striking degree of continuity. It includes the following calculated mineral resources (SRK, 2018):   

¶ 34,000 t at 26 g/t Au measured for 28,000 oz Au  

¶ 6,309,000 t at 14.95 g/t Au indicated for 3,033,000 oz Au  

¶ 7,722,000 t at 12.24 g/t Au inferred for 3,038,000 oz Au. 

¶ Total 6,099,000 oz contained Au 

This assumed a cut-off grade of 5 g/t Au, a fixed gold price of US$ 1,200 per oz, and a recovery rate of 

95%. The gold price is currently $1,995 per oz (March 24th 2023). 

A 2017 feasibility study on an earlier and smaller May 2016 resource estimated annual ore 

production of ~500,000 t (with grades varying on a yearly basis; average of proven and probable 

reserves 8.54 g/t Au), for a total of 1.36 Moz of Au and 0.38 Moz of Ag over an initial mine life of 10.5 

years (Dalradian Resources, 2017).  

The current projections for the resource vein system (the óD veinsô) based on extensive drilling 

is they extend at least 2.3 km along strike, 0.8 km across strike, and 1.2 km down dip (Shaw et al. in 

prep). Additional Au-bearing veins (the C-veins discussed here) have also been identified between the 

main modelled veins, however these are excluded from the resource as their continuity is not assured 

(SRK, 2018). These are southeast trending, steeply dipping extensional veins orientated obliquely to 

the D veins. They are never brecciated and do not have sheared margins (Dalradian Resources 2017).  

The wider potential of the area is striking, with veins of similar orientations across 12 km of 

strike length, with discoveries at Alwories (4 km to the ESE) and Golan Burn (4 km to the WNW) 

(Shaw et al. 2022). Additional prospective regions also occur elsewhere along the Dalradian Supergroup 

at localities such as Glenmacoffer, Rylagh, Erganagh, Glencurry and Cornavarrow (Figure 3.1). Since 
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2010 Dalradian has drilled 459 core boreholes (146,910 m) on the Curraghinalt deposit, and 47 core 

boreholes (12,987 m) on other regional targets (SRK, 2018). 

 

Figure 3.1. Geological map of the Dalradian 

Supergroup rocks of the Sperrin Mountains region of 

Northern Ireland. Major gold deposits and 

occurrences are marked. AL Alwories, CO 

Cornavarrow; ER Erganagh, GB Golan Burn, GC 

Glencurry, GH Glenhordial, GL Glenlark, RY 

Rylagh, MU Mullaghcarn. From Shaw et al. (2022). 

 

 

 

Regional Geological Setting 

Gold mineralization is widespread across the UK and Irish Caledonides, but economic deposits 

are by their nature, rare. Significant gold resources have also been identified at: Cononish, near 

Tyndrum in Scotland, operated by Scotgold Resources, and Cavanacaw, near Omagh in Northern 

Ireland, operated by Galantas Gold. Cononish has estimated measured and indicated resource totalling 

541,000 t at 14.3 g/t Au, and inferred resource of 75,000 t at 7.4 g/t Au, for a total of 266,000 oz 

contained Au (Scotgold Resources 2015). Cavanacaw has a measured resource of 138,241 t at 7.25 g/t 

Au, indicated resource of 679,992 t at 6.78 g/t Au, and inferred resource of 1,373,879 t at 7.71 g/t Au, 

for 521,109 oz of contained Au (Galantas Gold Corporation 2014). Myriad gold occurrences also occur 

in the Scottish Highlands, Donegal (e.g. Moles and Schaffalitzky 1992), western Ireland (e.g. at Croagh 

Patrick, Bohaun and Cregganbaun) and the DownïLongford terrane (e.g. Clay Lake, Clontibret) 

(Parnell et al. 2000; Shaw et al. 2022).  

All of these deposits across the UK and Ireland formed during the Caledonian-Appalachian 

orogeny that formed during the progressive closure of the Iapetus Ocean from the late Cambrian (c. 510 

Ma) through to the early Devonian (c. 400 Ma) (Tanner 2014; Rice et al. 2016; Shaw et al. 2022). Ocean 

closure occurred in multiple stages, and led to the deformation and metamorphism of sedimentary 

sequences (the Dalradian Supergroup) across NW Scotland and Ireland during the Ordovician, and 

extensive intrusive activity during the late Silurian-early Devonian (Chew 2009; Stephenson et al. 2013; 

Chew and Stillman 2009; Chew and Strachan 2014). As will be discussed later, gold mineralization has 

been recognised to have formed during both the Grampian (i.e. Ordovician) and Scandian (i.e. late 

Silurian to early Devonian) episodes of ocean closure (Rice et al. 2016; Shaw et al. 2022). 

In the UK, all major gold deposits and significant showings are located proximal to major 

Caledonian fault systems, in the case of Curraghinalt and Cavanacaw the Irish continuation of the 

Highland Boundary Fault Zone. This is termed the Fair Head ï Clew Bay Line, and is represented 

locally by the Omagh Thrust (Figure 3.1), which has locally brought the leading edge of the 
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metamorphosed passive margin sedimentary rocks (the Dalradian Supergroup) over the accreted arc 

terrane (the Tyrone Igneous Complex) (Cooper et al. 2011), as shown in Figure 3.2. The deep-seated 

and concealed Fair Head ï Clew Bay Line itself occurs further to the NW, and most likely separates 

outriding accreted terranes from the deformed Laurentian margin. 

 

Figure 3.2. A cartoonised cross section across the Sperrin nappe and Omagh Thrust, showing the location of the Curraghinalt 

gold deposit on the overturned limb of this regional fold structure. Reproduced from Rice et al. (2016). The older Proterozoic 

Dalradian Supergroup rests above the younger Ordovician Tyrone Igneous Complex. 

Host rocks to the Curraghinalt deposit are predominantly a mixed sequence of psammites and 

semi-pelites (with minor pelites) termed the Mullaghcarn Formation, with the deposit occurring near 

the gradational boundary with the adjacent Glengawna Formation (GSNI, 1997). The latter is dominated 

by graphitic pelites, semipelites and psammites (GSNI, 1997).  These sediments were originally laid 

down on the passive margin of Laurentia, likely as turbidites, between c. 800 and 500 Ma (Strachan et 

al. 2002; Cooper and Johnston 2004), prior to their deformation and metamorphism (to upper 

Greenschist facies) between c. 475 and 465 Ma (reviewed by Chew 2009). These metasedimentary 

rocks of the Dalradian Supergroup were thrust over the Ordovician Tyrone Igneous Complex during 

the Grampian phase (c. 475-465 Ma) of the wider Caledonian-Appalachian orogeny (Cooper and 

Mitchell, 2004; Draut et al. 2009). Minor areas of mafic volcanism occur in the Dalradian rocks of 

Northern Ireland, though these are restricted to isolated centres (Mark Cooper, pers. comm). More 

regionally the Dalradian rocks have been folded into the Sperrin Nappe (Alsop and Hutton, 1993), with 

the Curraghinalt deposit found on the inverted NW-dipping limb of this structure, as shown in Figure 

3.2. Both the Mullaghcarn and Glengawna formations belong to the Argyll Group of the Dalradian 

Supergroup. Significantly the Argyll Group is also prospective for sediment-hosted Zn-Pb-(Au) 

mineralization, with mineralization occurring at Glenlark ~5 km NE of Curraghinalt (Hollis et al. 2011; 

Fig. 3.1).  

 

Early research on Curraghinalt : Four generations of quartz and two auriferous fluids 

The mineralization at Curraghinalt, as defined by early drilling, has been described by Earls et al. 

(1996), Wilkinson et al (1999) and Parnell et al. (2000).  This early research focussed on tying fluid 

compositions to mineral paragenesis, and recognised different generations of quartz within the resource 

veins. This research included a combination of detailed transmitted and reflected light petrology, 
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Scanning Electron Microscope Imaging, Cathodoluminescence imaging, fluid inclusion analysis, O-

isotope analysis of quartz, sulphur isotope analysis (varying sulfides and barite), and Pb isotope analysis 

of galena. Four major episodes of quartz veining (termed Q1 to Q4) were identified with the second and 

fourth hosting gold (i.e. electrum). Each generation of quartz is summarised briefly below. 

¶ Q1 forms ~30-50% of vein samples by volume, is moderately brightly luminescent, and is 

characterised by angular to sub-angular clasts in Q2. Fluid inclusions are CO2 rich. In hand 

specimen Q1 quartz has a milky appearance and is ascribed to metamorphic quartz included 

within the resource veins, as clast fragments.  

¶ Q2 is the most abundant quartz generation. It occurs as translucent grey quartz, and cross-cuts 

and cements clasts of early, barren Q1 quartz. This is associated with two- or three-phase H2O-

CO2-NaCl-KCl fluid inclusions, with salinity ranges from 3.3 to 13.4 wt% NaCl equivalent 

(mode 8 wt%) and homogenisation temperatures of 125 to 500 °C (mode 330 °C). According 

to Parnell et al. (2000), it was likely formed from a magmatic fluid source. Q2 quartz is 

associated with abundant pyrite, arsenopyrite, and minor amounts of sphalerite, chalcopyrite. 

Rounded inclusions of barite, electrum (generation 1 gold) and various tellurides occur in this 

pyrite. 

¶ Q3 occurs as a late vuggy phase, as euhedral clear quartz. Fluid inclusions are primarily liquid-

vapour, and characterised by H2O-NaCl-KCl, with salinity ranges of 0.1 to 15.4 wt% (mode 3) 

and homogenisation temperatures from 92 to 276 °C (mode 170 °C). Both Q3 and Q4 (below) 

are abundant only in the larger, more complex veins according to Wilkinson et al. (1999). Q3 

was suggested to have precipitated from a surface derived formation water.  

¶ Q4 is brightly luminescent under CL imaging and is observed to form angular microveinlet 

networks cross-cutting all earlier generations, or occurs as a cement to brecciated pyrite. It is 

also frequently associated with carbonate, together infilling fractures. Contained fluid 

inclusions are liquid-vapour and monophase liquid, with compositions of H2O-NaCl-CaCl2, 

salinities of 11.9-26.2 wt% (mode 17 wt%) and homogenisation temperatures of 42-230 °C 

(mode 120 °C).  

Estimated fluid ŭ18OSMOW values are significantly higher for magmatic quartz Q2 (minimum ~8 ă), 

than Q3 formation waters (range 2.5-4.5 ă), with the latter also higher than the Q4 basinal brines (-0.6 

to 1.8 ă) (Wilkinson et al. 1999).   

Given the above, minor primary Au mineralization was believed to have occurred during or 

immediately following thrusting (i.e. Grampian orogenesis), associated with Q2, ñas H2O (75%) - CO2 

(15%) - NaCl-KC l(10%), possibly magmatic derived fluids at 400°C, with formation waters at lower 

temperatures (~250°C)ò (Wilkinson et al. 1999). During this fluid-mixing event, abundant early 

hydrothermal-magmatic quartz (Q2) was deposited in the major resource veins, with the majority of 

vein-hosted pyrite. This generation of electrum is restricted to small, rounded grains within pyrite and 

is more gold rich (93-98% Au) than later fracture fill electrum.  Rounded inclusions of barite and various 

tellurides also occur in this Q2-associated pyrite, along with inclusions of chalcopyrite, sphalerite and 

galena.  

The second major gold mineralization event recognised by Earls et al. (1996), Wilkinson et al. 

(1999) and Parnell et al. (2000) occurred during the precipitation of Q4. At this time, abundant electrum 

precipitated during an episode of intense fracturing and renewed hydrothermal activity.  This electrum 

is entirely fracture fill and is more silver-rich (mainly 80-89 atomic % Au) than the early electrum 

inclusions within Q2-associated pyrite. This fracture fill electrum is associated with chalcopyrite, 

sulfosalts (both tennantite and tetrahedrite), Fe-dolomite, and trace galena. This second gold event was 
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suggested to have been caused by low-temperature brines remobilising gold. The brines were suggested 

to have been derived from Carboniferous sediments and mobilised during the Variscan orogeny 

associated with basin inversion.  This was further established through the presence of fault gouges that 

cut the deposit, yielding 40K-40Ar ages of c. 315 and 325 Ma, and similarities between this brine and 

those found across the Zn-Pb orefield of the Irish Midlands (Earls et al. 1996; Parnell et al. 2000). 

One significant mistake in this early paragenesis was the lack of tellurides associated with the 

second gold event (i.e. fracture fill mineralization; see Figure 3.3). Parnell et al. (2000) stated: 

ñTellurides occur as micron-scale crystals within sub- to euhedral pyrite at Curraghinalt and 

Cavanacaw. Tellurides have not been recorded outside pyrite and are not usually associated with 

crosscutting veinlets, i.e., they appear syn-early pyrite.ò This is incorrect, as described in the following 

section. 

 

Figure 3.3. Paragenetic diagram of the vein mineralization at Curraghinalt with four generations of quartz from Parnell et al. 

(2000). Note the presence of only tellurides associated with Q2 pyrite, and not Q4.  This is incorrect, the majority of the 

tellurides are late and associated with Q4 fracture fill. 

With regards to the position of the Curraghinalt deposit, it was suggested by the authors (Parnell 

et al. 2000), that vein formation could be attributed to a lateral ramp in the footwall of the Omagh 

Thrust. This structure ñfacilitated fracturing, brecciation, sealing by hydrothermal minerals, and re-

brecciation associated with alternating contraction and extension during Caledonian east-southeast-

directed thrustingò.  The position of this ramp structure is indicate at surface by a marked re-entrant in 

the trace of the Omagh Thrust around Broughderg.  Shaw et al. (in prep) dispute the existence of such 

a ramp (discussed later). 

A detailed petrological study of telluride phases 

In 2004 a consultancy report was commissioned by Aurum Exploration, and undertaken by 

Cygnus Consulting Inc. This sixty-eight page report (Gygnus Consulting, 2004) presents a detailed 

petrological account of seven veins (No. 1, T17C, T17HW, T11F, 106-16, ABB, Sheep Dip) using 

thirty-five polished thin sections. Thirty of these contained electrum.   

Polished thin sections were evaluated by optical microscopy, SEM and electron microprobe 

analysis (EMPA). To quote the report: ñThe main objective was to assess the vein paragenesis and the 

mineralogy of gold-bearing phases; secondary objectives were to examine the distribution of As-

bearing (and Hg-bearing if any) minerals, and to identify telluride phases associated with gold 

depositioné. Qualitative energy dispersive spectroscopy (EDS) analyses were used to identify unknown 

phases.  Semi-quantitative wavelength dispersive spectroscopy (WDS) scans were used to evaluate 
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minerals with complex or overlapping spectra.  Imaging and analytical work was conducted using a 

JEOL JXA-8900L electron microprobe equipped with SEM and EDS capabilities.ò  

The main findings of this report are summarised below. It provides the most detailed account 

of mineral textural relationships for vein samples at Curraghinalt, and a detailed summary of all of the 

main telluride phases present.  Significantly, it recognised the association of tellurides also with late 

fracture fill quartz, electrum, chalcopyrite and sulfosalts (Figure 3.4). 

¶ Gold mineralization occurs in quartz-pyrite veins as electrum, and is associated with variable 

abundances of carbonate, chalcopyrite and tennantiteïtetrahedrite.  

¶ Gold occurs as early inclusions in pyrite, and late in the system along fractures in pyrite and at 

pyrite grain contacts with carbonate and quartz.   

¶ Pyrite is the spatial host of most gold mineralization at Curraghinalt, but the paragenetic 

association of electrum is primarily with carbonate, chalcopyrite and tennantite-tetrahedrite that 

is paragenetically later than the pyrite. 

¶ Electrum inclusions in pyrite tend to have lower Ag concentrations than electrum in fractures, 

but compositional ranges overlap.  (Author note: this is consistent with the research of Parnell 

et al. 2000; Shaw et al. in prep). 

¶ A fairly complex assemblage of telluride minerals occur in close association with gold 

throughout the deposit, but were not abundant in the samples examined. Al l of the telluride 

phases occur as inclusions within pyrite (Figure 3.4a) and within the late fracture fill (i.e. 

second gold event; Figure 3.4b). 

  

Figure 3.4. Reflected light images of two clear generations of gold and tellurides. A (left) Sample DAL-48. 

Rounded inclusions of electrum (au), tetradymite (td) and petzite (pz) in pyrite. Field of view ~230 µm. B (right) 

Sample DAL-32. Fractured pyrite contains carbonate (ank), chalcopyrite (cp), electrum (au), volynskite (vl) and 

hessite (hs). From Gygnus Consulting (2004). 

¶ Arsenic is hosted mainly by tennantite (Cu12As4S13) ï tetrahedrite (Cu12Sb4S13), and As-

dominant tennantite tends to be more common than Sb-rich compositions. Silver concentrations 

in tennantite-tetrahedrite are uniformly low, averaging <1 wt% Ag.   

¶ Arsenopyrite (FeAsS) is relatively rare, though early pyrite is locally rimmed by overgrowths 

of As-bearing pyrite.   

¶ Bornite (Cu5FeS4) is very rare within the deposit, and was only described from one sample. It 

is associated with the main ore stage electrum, chalcopyrite, tennantite-tetrahedrite and telluride 

minerals. Representative images are shown below in Figure 3.5. Bornite is a primary (i.e. 

hypogene) mineral phase. 
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¶ Covellite occurs as rims and fracture related replacements of chalcopyrite and is related to 

secondary (i.e. supergene) alteration - most likely from meteoric water entering modern 

fractures within the veins. 

 

 

Figure 3.5. Reflected light images from sample DAL-55. A. Early pyrite (py) and quartz (qtz) overgrown by carbonate (carb: 

ankeritic to sideritic), chalcopyrite (cp), tennantite-tetrahedrite (tn) and bornite (brownish bleb). Field of view ~600 µm. B. 

Fracture in pyrite filled by electrum (au), chalcopyrite, tennantite-tetrahedrite and hessite (hs). Field of view ~230 µm. C-D. 

Complex intergrowth of electrum, chalcopyrite, hessite, tellurobismuthite (tb), bornite (bn) and tennantite-tetrahedrite. Field 

of view for C and D is ~600 µm and ~220 µm respectively. 

¶ Tellurides identified included: petzite (Ag3AuTe2), calaverite (AuTe2), tellurobismuthite 

(Bi2Te3), tetradymite (Bi2Te2S), volynskite (AgBiTe2), and hessite (Ag2Te).  

¶ Bismuth-bearing telluride minerals constitute the most common tellurides. These were 

observed in all veins.  

¶ Gold-bearing tellurides petzite (Ag3AuTe2) and calaverite (AuTe2) are very rare compared to 

electrum.   

¶ Hessite (Ag2Te), had been previously reported to contain up to ~6 wt % Au at Curraghinalt by 

Parnell et al. (2000). EDS and WDS scans yielded <1 wt% Au in all but one grain, which 

contained ~2 wt% Au. 

¶ Coloradoite (HgTe), although reported by Parnell et al. (2000) was not observed in the study. 

¶ Native Te was identified as a trace phase in one sample (DAL-33; 106-16 vein). This is 

illustrated in Figure 3.6 below. 
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Figure 3.6. Reflected light image of fracture fill electrum (au), hessite (hs), tetradymite (td) and very rare native Te (te) within 

pyrite. Field of view ~230 µm. Note, this is the only occurrence of native Te described at Curraghinalt. 

 

Recent Geochronology: an entirely Grampian mineral system 

Prior to the work of Rice et al. (2016), it was widely believed that Carboniferous-derived brines 

were responsible for the precipitation of Q4 electrum at Curraghinalt, and thus the bulk of the Au 

resource (after Wilkinson et al. 1999; Parnell et al. 2000). Rice et al. (2016) examined 46 polished thin 

sections from a representative suite of seven major quartz vein structures (106-16, T17C, T11F, No1, 

ABB, T17HW, Sheep Dip). Sericite- and molybdenite-bearing microshears were identified to cut the 

auriferous veins (including all four quartz generations), which were dated by 40Ar/39Ar and Re-Os 

techniques respectively. Metamorphic muscovite from wall-rock clasts incorporated into the 

Curraghinalt resource veins was also dated through 40Ar/39Ar geochronology, to yield a maximum age 

for mineralization.  

It was stated by Rice et al. (2016) that the discovered ómicroshearsô, ñnot only postdate gold-

bearing pyrite of the first generation of gold mineralization (Q2) but importantly, also quartz, 

chalcopyrite, and carbonates of the second generation of gold mineralizationò. Second generation 

chalcopyrite was distinguished by its cementation of Q2-associated arsenopyrite, and also by electrum 

inclusions containing high Ag to Au ratios typical of Q4 electrum. Rice et al. (2016) suggested that the 

microshears are therefore a new third generation of sulfide and gold mineralization at Curraghinalt. The 

microshears were described to contain abundant sericite and molybdenite, and no sulfide-bearing veins 

were observed cutting them. Only late veins composed of Fe dolomite cut these structures (see Fig 13B 

of Rice et al. 2016). 

The geochronology of Rice et al. (2016) is summarised as follows. Two samples yielded Re-

Os ages for molybdenite of 455 ± 3.9/4.4 Ma and 459.1 ± 2.2/2.7 Ma (errors 2-sigma, analytical/full 

external precision errors). Metamorphic muscovite from wall-rock clasts yielded a 40Ar/39Ar age of 

455.2 ± 1.4 Ma, and record the timing of cooling through the muscovite closure temperature of 400 °C 

following peak metamorphism. The mean age for all analyses of sericite in the shears by in situ 

UVLAMP 40Ar/39Ar geochronology was 449.2 ± 3.0 Ma. A combined age for the molybdenite and 

sericite was also presented at 455.8 ± 3.0 Ma. Significantly, the research of Rice et al. (2016) 

constrained mineralization entirely to a narrow time interval of ~ 10 Myr (462.7-452.8 Ma) during the 

latter stage of the Grampian phase of the Caledonian orogeny, immediately following peak orogenesis. 
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Figure 3.7. Petrographic images from Rice et al. (2016). A. SEM image of a microshear (top right) containing abundant sericite 

and molybdenite, with pyrite along the contact. B. The same view as in Figure A but under cathodoluminescence with the 

microshear evidently cutting Q3 and Q4.  

The refined paragenesis for the Curraghinalt deposit by Rice et al. (2016), modified from 

Parnell et al. (2000) is presented below in Figure 3.8.  

 

Figure 3.8. Updated paragenesis of the 

Curraghinalt deposit from Rice et al. (2016). Note 

the occurrence of tellurides in the late shear zones, 

but not associated with Q4 mineralization.  

 

 

 

 

 

 

The significance of this work is clear ï the Curraghinalt Au deposit postdates peak 

metamorphism (c. 475-465 Ma) during the Grampian orogeny, and is slightly younger than the last 

phase of arc magmatism in the Tyrone Igneous Complex (464.3 ± 1.3 Ma; Cooper et al. 2011).  

Curraghinalt itself formed during the end stages of the Grampian orogeny, which itself was caused 

locally by the collision of the Tyrone arc system with the Laurentian margin. There is no major 

Carboniferous brine introducing gold into the deposit. The significantly younger K-Ar ages (c. 315 and 

325 Ma) reported by Earls et al. (1996) and Parnell et al. (2000) are mostly likely due to fault 

reactivation during the Variscan orogeny. Rice et al. (2016) themselves observed a disturbance in the 
40Ar/39Ar step-hearing spectrum of sample B1633 at c. 320 Ma, which is also consistent with late 

reactivation. This will be discussed below, in relation to the PhD research of James Shaw (University 

of Leeds, 2023) in the next section. 
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Figure 3.9. Timeline showing the maximum interval of gold mineralization at Curraghinalt, shown relative to regional tectonic 

events and magmatism associated with the Tyrone Igneous Complex and Scandian orogeny. From Rice et al. (2016). 

The ómagmaticô source of Q2 of Parnell et al. (2000) is also now slightly uncertain due to the 

updated geochronology. There is no documented magmatism coeval with mineralization at Curraghinalt 

(462.7-452.8 Ma) in the Sperrin Mountains. Two possibilities exist, as argued by Rice et al. (2016). We 

will revisit this topic later.  

1) There may be undated intrusions within the Tyrone Igneous Complex itself, or at depth under 

the Omagh Thrust, that may span this age range. It was pointed out that the Oughterard granite 

of western Ireland has been dated at c. 462 Ma (Friedrich et al. 1999), and the S-type 

Kennethmont granite of NE Scotland has yielded a similar age of c. 458 Ma (Oliver, 2001). 

The S-type pegmatites cutting the Tyrone Central Inlier, which have been poorly constrained 

through Rb-Sr geochronology, have yielded similar (c. 455 Ma; Chew et al. 2008) but unclear 

ages.  

2) The fluid inclusion data of Q2 may either represent a magmatic fluid, or simply reflect 

metamorphic or highly exchanged meteoric fluids that penetrated to depth. The temperature of 

these fluids from 125 to 500 °C (mode 330 °C) is consistent with the Ar-Ar geochronology that 

indicates the muscovite passed through its closure temperature window (~400 °C) at the time 

Curraghinalt formed.   

Importantly, the Ordovician age for gold mineralization at Curraghinalt is now in stark contrast 

to other smaller regional orogenic gold veins that formed during the Scandian (Silurian. c. 425 Ma), 

including the nearby Cavanacaw deposit (Shaw et al. 2022). The implications of this finding will be 

discussed later and concerns the potential for these deposits to host significant quantities of Bi and Te.  

A new structural framework for the Curraghinalt gold deposit 

Over the past four years extensive research has been undertaken on the structural controls of 

gold mineralization both at Curraghinalt and Cavanacaw by PhD student James Shaw at The University 

of Leeds. The research on Curraghinalt is not currently published (Shaw et al. in prep; Shaw 2023 PhD 

thesis), but it is included here for completeness, courtesy of the authors, the Department for the 

Economy and Dalradian Gold. A detailed structural model for the genesis of the Cavanacaw gold 

deposit was recently published in the Journal of Structural Geology (Shaw et al. 2022). 
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At Curraghinalt, James Shaw and colleagues investigated the relationships between gold-quartz 

vein geometry, grade, texture, and host rock lithology. Extensive underground mapping and structural 

analysis was combined with gold assay data. The results of this work has great implications for: i) the 

discovery of high Au ore shoots in the deposit; ii) understanding the formation of the deposit in general; 

and iii) understanding controls on CRM abundance at Curraghinalt (as discussed in Section 5). Some 

of the main findings of this research are summarised here (after Shaw et al. in prep; also Shaw 2023): 

¶ The quartz vein-hosted gold system at Curraghinalt consists of en-echelon sheared veins that are 

interconnected by dilational jogs and horsetail branches (see Figure 3.10 below). All components 

of the vein system are coeval. 

 

Figure 3.10. Schematic diagram illustrating the different structural components of the Curraghinalt vein system. Image from 

Shaw et al. (in prep). 

¶ The vein zones, branches and veinlets are characterised by different ore textures, that themselves 

are associated with specific vein orientations, thicknesses, sulfide contents and Au grade. These 

textures include i) sheared veins; ii) laminated veins; iii) pegmatitic veins; iv) cockscomb veins; v) 

massive sulfide infilled veins; vi) implosion breccia veinlets; vii) dilational veinlets, and are shown 

in Figure 3.11 below. 

 

Figure 3.11.  Photographs of different 

vein textures observed at Curraghinalt 

by James Shaw. Colours refer to the 

symbols in Figure 3.12 below. Image 

from Shaw et al. (in prep). 
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¶ Paleostress analysis (see Figure 3.12 below) reveals ů3 axis is subhorizontally (< 10°) orientated 

NE-SW (040° ï 220°); ů1 axis was steeply (65Á) orientated towards the ESE (115Á); and ů2 is 

orientated moderately (25°) towards the NW (310°).  

¶ Au grades increase as the veins and branches orientate from being oblique to perpendicular 

to the modelled ů3 axis. 

¶ High-grade ore shoots are hosted by dilational jogs and horsetail branches that are sulfide-

rich, dip steeply to subvertically NE, and are orientated perpendicular to the ů3 axis. 

¶ Lower óbackgroundô grade sheared veins that are generally right-stepping, dip moderately 

NNE, and are orientated obliquely to the ů3 axis. 

¶ Where strong lithologic heterogeneity occurs, the vein system refracts as it transects rheologic 

boundaries. In less competent rocks (graphitic schists and chloritic pelite) sheared veins form, and 

in the more competent rocks (psammites and quartzitic albite-chlorite schists) ore shoots form. 

¶ Transtension, controlling the formation of the vein system, was oblique to orogenic strike, and along 

a regional E-W striking shear zone system.  

¶ Open-fill and vuggy textures, coupled with low confining pressures, are indicative of formation at 

epizonal depths (<5km). 

¶ NW-directed ócollapseô or óbackslidingô proposed by Alsop and Hutton (1993b) and Rice et al. 

(1996) most likely occurred after the veins formed and is locally manifested by the NE-SW striking 

and steeply-dipping normal faults that cross-cut the mineralized veins (Chapter 7 of Shaw 2023 PhD 

thesis).  

¶ A model was favoured whereby the veins formed within an orogen-oblique shear zones system that 

probably initiated during the ESE-directed thrusting, but was reactivated at the late- to post-orogenic 

stage in a transtensional regime. 

¶ Fieldwork around Broughderg suggests that evidence for a footwall lateral ramp is lacking and the 

surface trace of the Omagh Thrust is not a re-entrant but a topographic expression of the shallowly 

dipping thrust. 

This research has greatly enhanced our understanding of the formation of the Curraghinalt deposit and 

has important implications on where the highest concentrations of CRMs are likely to be found at 

Curraghinalt (see Section 4). 

 

Figure 3.12. Equal angle stereonet plot describing the relationship between the grades of the different texture types and the 

modelled paleostresses. This includes data for the No1, 106-16, Slapshot, and V75 vein complexes and zones. The grade data 

for the different vein texture types is mapped as the poles of the hosting structure, with the size of the data point symbols 

representing relative Au grade (see key). Colours refer to vein fill textures shown in Figure 3.11. From Shaw et al. (in prep). 
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In his thesis discussion, Shaw (2023) summarised the regional tectonics controlling ore formation: 

ñGiven the transtensional kinematics of the Curraghinalt vein system, the fracture system may have 

initiated and was active during a transition from a strike-slip to normal faulting regime. An abrupt 

switch to normal-transtension will have led to the rapid redistribution of highly overpressurized fluids 

previously contained within an overall compressional-transpressional regime through otherwise low 

permeability crust to produce the Curraghinalt depositò 

Gold chemistry, regional veins and the formation of the Cavanacaw gold deposit. 

The Cavanacaw gold deposit occurs in the Lack Inlier, a fault-bound package of the Dalradian 

Supergroup, 5km WSW of Omagh (Figure 3.13). It is hosted by schistose psammites, semipelites and 

pelites of the Mullaghcarn Formation that also hosts the Curraghinalt deposit further to the NE. Locally 

these rocks are interbedded with basic volcaniclastic rocks of the Largy Volcanic Member (McFarlane 

et al. 2009). The mineralization itself is associated with 1-3m wide zones of quartz-sulfide veining, 

shearing and sericitic alteration. Veins cross-cut the host rock and foliation fabrics and generally trends 

N-S (Shaw et al. 2022) as shown in Figure 3.13. 

 

Figure 3.13. Geological map of the Lack Inlier hosting the Cavanacaw gold deposit, and accompany 

cross section. From Shaw et al. (2022). 

Significant differences between the formation of the Curraghinalt and Cavanacaw deposits have 

been discussed by several workers since Earls et al. (1996), though prior to the work of Rice et al. 

(2016) it was believed they shared a similar genesis and extended ages of formation (e.g. Wilkinson et 
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al. 1999; Parnell et al. 2000). Significant differences between the two deposits include average Au 

grade, vein textures, orientations, fluid chemistry, electrum compositions, and the mineralogy of the 

veins themselves (Earls et al. 1996; Wilkinson et al. 1999; Parnell et al. 2000; Chapman et al. 2000; 

Rice et al. 1996; Shaw et al. 2022; Shaw 2023). For example, it was also noted by Parnell et al. (2020) 

that samples from Curraghinalt exhibit strikingly higher Au/Ag ratios than both the regional Sperrin 

veins and samples from Cavanacaw. The distinction between the two deposits is further marked by the 

As-Pb poor, and Cu rich nature of Curraghinalt mineralization when compared to Cavanacaw. This is 

reflected by abundant primary stage arsenopyrite and secondary stage galena at Cavanacaw. 

Furthermore, it is impossible to reconcile the stress fields of the two deposits (Tanner 2014; Shaw et al. 

2022). The paragenesis of the Cavanacaw deposit is shown in Figure 3.14 below. Note the presence of 

tellurides associated with the pre-breccia mineralization, but electrum associated with the post-breccia 

mineralization.  

 

Figure 3.14. Early paragenetic sequence of the Cavanacaw gold deposit from Parnell et al. (2000).  

Shaw et al. (2022) presents the most recent account of the Cavanacaw deposit, with a focus on 

its structural evolution and potential age based on a careful examination of vein orientations, 

deformation fabrics, and the surrounding regional geology. In this research the authors clearly 

demonstrate that the broadly N to WNW-striking vein system is more easily explained by a single 

progressive kinematic model of formation - rather than a protracted polyphase deformation history as 

suggested by earlier researchers (e.g. Parnell et al. 2000). Mineralization and vein formation occurred 

during sinistral shearing along Silurian ENE-WSW striking transcurrent faults during the Scandian 

phase of the Caledonian orogeny.  

Significantly, this indicates that the Cavanacaw deposit is younger than Curraghinalt (Rice et 

al. 2016), but is older than the Early Devonian Cononish deposit of Scotland (e.g. Spence-Jones et al. 

2018).  Mineralization is perhaps best constrained by the formation of the coeval West Sperrin Knee 

Bend (a swing in the regional Dalradian geology). Its age is in turn constrained by a minor calc-alkaline 

intrusive suite dated to 426.7 ± 0.85 Ma by Cooper et al. (2013). This age is also reflected in fault 

reactivation at Curraghinalt (c. 424 Ma 40Ar/39Ar sericite ages: Rice et al. 2016). Small regional gold 

vein occurrences in the western Sperrin Mountains (e.g. Rylagh, Glenhordial) were also analysed by 

Shaw et al. (2022) and shown to be likely of similar age to Cavanacaw, and related to progressive 

regional Scandian deformation. 

In Chapter 6 of his PhD thesis, Shaw (2023) presents a detailed characterisation of vein material 

and the microchemical signatures of in-situ and detrital gold in the Sperrin Mountains. This includes a 
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petrographic assessment of gold (i.e. electrum) grains from the Curraghinalt and Cavanacaw deposits, 

and regional veins. The mineralogy from Curraghinalt is broadly consistent with that previously 

reported, though is split into stages (S1-S4) that accompany the different quartz generations.  Shawôs 

(2023) refined paragnesis for the Curraghinalt deposit is present below in Figure 3.15.  The two most 

important stages are S2 (quartz-sulfide dominated) and S4 (base-metal and carbonate-bearing), that 

correspond to the Q2 and Q4 of previous workers.  

Significant differences to previous workers are as follows:  

¶ New quartz terminology is adopted. QtzA (not shown in Figure 3.15) is metamorphic 

and corresponds to Q1 of previous workers that was entrained into the veins. QtzB 

represents the first vein fill material and pre-dates QtzC that accompanies PyA and the 

early inclusions of electrum (AuA). QtzC is thus the Q2 of Parnell et al. (2000). QtzD 

corresponds broadly to the fracture fill Q3 and Q4 of Parnell et al. (2000).  

¶ Tellurides are now reported to be associated with both the early pyrite and late fracture 

fill events ï consistent with our observations here, but at odds with earlier workers 

(Earls et al. 1996; Parnell et al. 2000) 

¶ AuA is the early electrum inclusions in pyrite. AuB is fracture fill electrum, and AuC is 

a new electrum composition that was only found in the T17 samples characterised by 

higher Hg (max 5.8 wt%). Note for AuA and AuB Hg contents are below the limit of 

detection and limit of quantification respectively. 

 

Figure 3.15. Paragenetic diagram of the Curraghinalt deposit from Shaw (2023 PhD thesis).  

 

 For Cavanacaw, Shaw (2023) presents a modified version of the Parnell et al. (2000) 

paragenesis. This is shown below in Figure 3.16. Importantly, this modified paragenesis excludes 

tellurides (due to them not being observed, and thus far rarer in the deposit than Curraghinalt). The 

other major important feature to note here is that Hg contents in all electrum particles exceeded the limit 

of determination, unlike at Curraghinalt (for AuA and AuB ï Figure 3.15). Cavanacaw also differs to 
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Curraghinalt in terms of gold mineral inclusions. In detrital gold samples from the Curraghinalt Trend, 

gold particles can be characterised by a non-metallic signature of S-Te-As-Sb, and a metallic signature 

of Bi-Pb-Fe-Cu. By contrast, detrital gold samples from around Cavanacaw exhibit a non-metallic 

signature of S-As-Sb, and a metallic signature of Fe-Pb-Cu-Zn. Again, note the general lack of Bi and 

Te in the Cavanacaw signature though a Bi-Te signature is reported from Carnamurran Burn (see 

Section 7 of this report). The Curraghinalt electrum also contains a far more diverse inclusion 

mineralogy (27 mineral species vs. 11 at Cavanacaw; Shaw, 2023).  The higher Hg contents of AuC 

from Curraghinalt may reflect either i) the last stages of a cooling hydrothermal system, or ii) 

reactivation of the Curraghinalt vein system in the mid-Silurian at the same time Cavanacaw formed 

(Shaw, 2023).  

 

 

Figure 3.16. A new paragenetic diagram for the Cavanacaw deposit, from Shaw (2023). Note the four stages of vein formation, 

like at Curraghinalt, the lack of telluride minerals, abundance of galena and minor chalcopyrite. 

 

Pyrite mapping: a cryptic fracture network  

 As part of his PhD thesis at Trinity College Dublin, Ireland, James Stratford examined the 

mineralogy of the Curraghinalt deposit. The main focus of this work was applying Laser Ablation ï 

Inductively Coupled Plasma Mass Spectrometry mapping to pyrite gains to reveal key information 

regarding the mineralization processes. A detailed record of this work was presented to Dalradian Gold 

by Stratford and McClenaghan (2020) that is discussed here. Twenty-six samples of core were sampled 

for 37 thin sections. The main findings of this research are briefly summarised here:  

¶ Three distinct phases of pyrite were described (Py1, Py2, Py3), along with a late Au event. 

¶ Py1 and Py2 formed synchronously with the Q1 metamorphic quartz of Parnell et al. (2000) or 

QtzA of Shaw (2023). Py1 occurs is broadly alighted with S2/S3 Grampian fabrics. Py2 

overgrows the entrained schistosity and records prograde development. 

¶ Only Py3 formed within the vein system (the others were entrained) and is equivalent to the Q2 

associated pyrite of Parnell et al. (2000) or PyA of Shaw (2023). This Py3 crosscuts existing 

S2/S3 fabrics. 
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Figure 3.17. A) Reflected light images of Py1 and Py2 overgrowth phase in S2/S3 Grampian fabric. B) Py3 and chalcopyrite 

(Cp) in the Grizzy vein, crosscutting the S2/S3 composite fabric. From Stratford and McClenaghan (2020). 

¶  Each pyrite type shows a distinct geochemical signature, as revealed by LA-ICPMS (Laser, 

ablation ï inductively coupled plasma mass spectrometry) spot analysis and mapping. This is 

illustrated in Figure 3.18 below. Py1 records and early Zn-Ni event. Py2 is enriched in Au (<10 

ppm; lattice bound). Py3 is As poor and characterised by high Ag.  From Py1 to Py3 there is a 

trend of decreasing Ni, Ga, Cu-Pb-Zn, and Hg contents, and increasing Te. Cobalt contents 

broadly remain the same in each phase, but Co and Ni contents fluctuate in Py3. 

¶ A late event is suggested to fracture infill all previous phases and introduce all of the gold into 

the deposit, along with Bi-tellurides, chalcopyrite, and tetrahedrite-tennantite. Electrum 

inclusions in Py3 (the AuA of Shaw, 2023) are suggested to have been introduced during this 

event. To quote the authors: 

ñLaser Ablation ICP-MS element raster mapping demonstrates that optically visible particles, 

previously considered to be óelectrum 1 inclusionsô, form at the intersections of a cryptic network 

of cataclastic micro-fractures exploited by a late fluid exhibiting a Bi-Te-Ag-Au-Pb-Cu signature 

infiltrating Py3 éalong with earlier phases Py1 and Py2 é.This chemical association is supported 

by the petrographic observation of intergrowths of auriferous particles with Bi- and Ag- tellurides 

observed within these micro-fractures.ò and 

ñIn light of there being no clear evidence from this study to support auriferous electrum as 

paragenetically linked to the growth of pyrite phases; Au(-Ag) particles which form the estimated 

resource, in the view of this study, entirely post-date development of all pyrite phases Py1-3.ò 

Note: As demonstrated by the electrum work of Shaw (2023) and the next section of this report, this is 

incorrect. There are many early rounded electrum inclusions in Py2 with higher Au contents. 
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Figure 3.18. Box and Whisker plots of trace element concentrations for 237 spot analyses within Py1, Py2 and Py3. The box 

is the interquartile range (upper Q1 and upper Q3), black dots are means, lines are medians, a circle is an outlier 1.5 x IQR, 

triangle is an outlier 3 x IQR. Whiskers represent extreme values that are not outliers. From Stratford and McClenaghan (2020).  

Additional findings of Stratford and McClenaghan (2020) are: 

¶ Tellurides are abundant within the fractured pyrite ï this is consistent with Shaw (2023), and 

our study. No fracture-fill tellurides were described by the early workers. They are in fact 

abundant, as shown in the next section of this report. 

¶ Py2 and Py3 have a Co/Ni ratio of 1, but Py1 (metamorphic) is associated with higher Ni 

contents for a given Co concentration. 

The authors suggested that Py1 and Py2 formed c. 468 Ma associated with peak upper Greenschist 

facies metamorphism. Early base-metal enrichment could have been sourced from metasedimentary 

rocks (pyrite framboids, black shales) or Zn occurrences in the Tyrone Igneous Complex (the model 

favoured here). Pyrite 3 and the late gold event were said to have formed c. 462-452 Ma during 

retrograde metamorphism.  

 

Final thoughts: a source for metals  

The ultimate source of the metals at Curraghinalt still remains unclear, likely contenders are 

either deep unknown basement rocks, the Dalradian Supergroup itself (e.g. Parnell et al. 2017; Stratford 

and McClenaghan, 2020), or the Tyrone Igneous Complex that structurally underlies the deposit under 

the Omagh Thrust. A metal source from the latter is consistent with existing published S and Pb isotope 

datasets (Parnell et al. 2000; Standish et al. 2014). However, given the Tyrone arc system formed likely 

above a fragment of Laurentian affinity microcontinental crust (the Tyrone Central Inlier), Pb isotope 

signatures are also entirely consistent with derivation from the Dalradian Supergroup (Standish et al. 

2014; Hollis et al. unpublished data).  

The best evidence for a magmatic contribution to Curraghinalt is the nature of metal 

enrichments throughout the life of the deposit. Enrichments of Mo, Bi and Te are consistent with 

derivation from calc-alkaline porphyry style intrusions that occur late in the evolution of the Tyrone 

Igneous Complex. Rice et al. (2016) noted that these enrichments are atypical of orogenic gold deposits 

and more typical of intrusion-related gold systems. Both a magmatic contribution from late Tyrone arc 
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magmas, or metal leaching from this same terrane could explain the Bi-Te (and Mo) enrichment. Silver 

tellurides have been discovered at Cashel Rock, and Cu-Bi sulfosalts at Golden Hollow (Hollis, 

unpublished), and bismuthide lindstrome (Ag-Bi sulfosalt) from Corvanaghan Quarry (Mawson, 

unpublished MSc thesis). The Tyrone Igneous Complex also contains abundant showings of both 

primary, lower Ordovician volcanogenic massive sulfide and porphyry-style mineralization. These 

occurrences can be associated with high Au-Ag (e.g. Cashel Rock, Crosh), Cu (e.g. Formil), Zn-Pb (e.g. 

Aghascrebagh, Cashel Bridge, Cashel Burn) mineralization. They have been discussed at length by 

Hollis et al. (2014, 2015, 2016) and existed as a viable metal source in the crust prior to the formation 

of the Curraghinalt deposit. The Tyrone Igneous Complex also represents a viable source for the Cu-

Zn-Pb-Ni enrichment in Py1 (and to a lesser extent Py2) as recorded by Stratford and McClenaghan 

(2020). The anomalous localised cobalt enrichment reported in the next section of this report, might 

also have a source in the Tyrone Igneous Complex (Mawson, 2022). 

 

 

Figure 3.19. Trace element distribution within an area of Py3 from the Grizzly vein. Note the extensive zones of higher Cu-

Pb-Bi-Te-Ag-Au where fluid has exploited microfractures in the pyrite. Co and Ni maps record oscillatory zoning associated 

with fluctuating fluid conditions. From Stratford and McClenaghan (2020). 
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In summary, mineral assemblages are consistent with a magmatic component to the ore forming 

fluid at Curraghinalt, most likely associated with adjacent and underlying Ordovician intrusive rocks of 

the Tyrone Igneous Complex. Earlier metamorphic fluids in the orogenic pile that formed the Py1 and 

Py2 described by Stratford and McClenaghan (2020) likely picked up significant Zn-Cu-Pb-Ni from 

VMS occurrences within the arc and ophiolite (see Hollis et al. 2014, 2015, 2016). Significantly the 

Cavanacaw gold deposit and regional veins lack the Bi-Te signature of Curraghinalt and is more 

consistent with orogenic systems in the Yukon and elsewhere (Shaw 2023).  
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Section 4 

CRM enrichment associated with the Curraghinalt deposit  

(and related areas) 
 

Executive Summary of Section 4 

This section of the report presents an analysis of CRM enrichment associated with gold 

mineralization at Curraghinalt. It also briefly discusses the CRM enrichment of a number of regional 

mineral prospects based off outcrop and drillhole geochemical data. These include samples of the 

regional Sperrin gold veins (e.g. Glenmacoffer, Glecordial/Glencurry), mineralization associated with 

the Glengawna Formation (at Scotch Town, Glenlark), and the younger, adjacent geology of the Tyrone 

Igneous Complex that is prospective for Cu-Au-Ag and Cu-Zn-Pb-Au mineralization (at Crosh, Cashel 

Rock, Formil, etc.). 

The author was provided with Dalradian Goldôs extensive database of whole rock 

geochemistry, covering all of their licence areas. The data library is well characterised and can easily 

classified by: hole ID, sample depth, sample type, vein type, vein ID (i.e. T17, Grizzly, 106-16), 

analytical method, licence, alteration code, alteration style, lithology code, sulfide texture, along with 

more specific drilling information (e.g. core type, diameter, etc.) and regional trend. An additional file 

of Curraghinalt face sampling was provided of 3155 analyses (that lacks Te data), along with new whole 

rock geochemical data from the analysis of existing pulps where Te data was previously not available 

(67 samples). 

CRM enrichment at Curraghinalt is discussed in this section of the report in relation to vein 

type (i.e. the main resource veins vs. their associated splays), vein name, vein fill texture, and spatial 

location. Summary Tables are provided of CRM enrichment statistics, along with correlation pairs 

between metals. A classical principal component analysis was conducted to further establish the main 

metal correlations.  

It is evident that that main resource veins (the D veins) are significantly more enriched in a 

variety of critical metals than their associated splays (the C veins). Au, Ag, Te, Bi, Sb, Cu, Mo and As 

are significantly more enriched in the resource veins. Zinc and Co contents are similar in both the 

resource veins and their splays. Gallium is notably higher in the C veins than the D veins ï though it is 

still at low levels. Cadmium and W concentrations in both the C and D veins are low. The bulk of Ge, 

Se, Sn and Tl data is at detection. Average Pb concentrations between the two types of veins are 

comparable, but there far more samples from the resource veins that carry anomalous levels of Pb. 

Given the absolute concentrations, Te is the main CRM of interest at Curraghinalt. The deposit is also 

locally enriched in Sb and Bi. Cobalt and Mo levels are low apart from very rare samples. 

A number of significant correlations occur between the base, precious and critical metals (e.g. 

Bi-Te, Au-Ag, Sb-Cu, Ag-Bi), which are explained by the observed mineralogy at Curraghinalt. These 

are described in detail. Given the relatively simple relationship between Au grade and Te concentration, 

the latter can be estimated where data is lacking for this element, using the equation provided. Strong 

correlations between Bi-Te can also be used (and may yield more accurate results). Several of the veins 

show metal correlations that are relatively unique, reflecting the slightly varying metal signatures (and 

mineralogy/mineral abundances) of the veins themselves.  For example, Au, Ag, Bi and Te are high in 

the T17, Mullan, V75 and 106-16 veins, whereas As is more enriched in the Foyle, Road, Raven and 
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Sheep Dip veins. Hg contents is low in most, but locally higher in V75 and T17. Additional signatures 

are discussed.  

Whole rock geochemical data was also visualised spatially across some of the modelled veins 

where there was sufficient sampling. Areas of higher Te, Bi and Sb concentrations are most likely 

related to the high-grade ore shoots described by Shaw et al. (in prep). Mercury enrichment appears to 

only occur at shallow levels and is restricted to certain zones of T17 and V75. When CRM abundance 

is plotted against vein texture, the highest Au, Ag, Bi and Sb contents occur in veins with open fill (as 

opposed to sheared) textures. No Te data was available for the smaller whole rock geochemical dataset 

classified by vein texture, but it is likely to be similar given Au-Ag-Bi-Te correlations elsewhere in the 

deposit. There is no apparent relationship between vein style and concentrations of As, Co, Ga (mostly 

around detection), Mo, Pb or Zn. Additionally, Cd, Ga, Tl and W concentrations are low in all samples. 

CRM abundance was also investigated relative to Co/Ni ratios and two different alteration 

indices. Higher Co/Ni ratios are associated with higher Au, Ag, Bi, Te, Sb and Cu, most likely due to 

cobalt mobility during the late Au event. Higher Chlorite-Carbonate-Pyrite Index values also show clear 

relationships to Au, Ag, Bi, Te, Sb and Cu enrichment due to the abundance of late carbonate associated 

with electrum, tellurides, chalcopyrite and sulfosalts.  

CRM enrichment at several regional prospects is discussed, with data shown respective to 

Curraghinalt. Enrichments are greatest where significant zones of Zn-Pb, Au-Ag or Cu mineralization 

have already been discovered. For example, Cd is highest at sites where significant Zn is intercepted 

(e.g. Glenlark, Cashel NW). Tellurium is generally near detection, but anomalously high values occur 

at Scotch Town, Glenlark and Cashel Rock where Au has been discovered. Bi is also enriched at Scotch 

Town, Cashel Rock and Cashel NW. Antimony concentrations are generally low, but higher values 

occur at Scotch Town and Glenlark. Anomalous Ga occurs at Glenlark, Cashel Rock and Broughderg. 

Other metals are also discussed. Element pairs for each site are presented and highlight the likely 

mineralogy causing CRM enrichment.  
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This section of the report, presents an analysis of CRM enrichment associated with gold 

mineralization at Curraghinalt. It also briefly discusses the CRM enrichment of a number of regional 

mineral prospects based off outcrop and drillhole geochemical data provided by Dalradian Gold ï these 

include samples of the regional Sperrin gold veins (e.g. Glenmacoffer, Glecordial/Glencurry), 

mineralization associated with the Glengawna Formation (e.g. Scotch Town, Glenlark), and the 

younger, adjacent geology of the Tyrone Igneous Complex that is prospective for Cu-Au-Ag and Cu-

Zn-Pb-Au mineralization (at Crosh, Cashel Rock, Formil, etc.). 

 

Methodology 

The author was provided with Dalradian Goldôs extensive database of whole rock 

geochemistry, covering all of their licence areas exported as an Excel file. While the bulk of this data 

focuses on the Curraghinalt deposit, it also includes results from regional prospecting efforts and 

regional drilling extending back to the early 1980s.  

The data library is well characterised and can easily classified by: hole ID, sample depth, sample 

type, vein type (e.g. C veins, D veins), vein ID (i.e. T17, Grizzly, 106-16), analytical method, licence 

(e.g. DG-01), alteration code, alteration style, lithology code, sulfide texture, along with more specific 

drilling information (e.g. core type, diameter, etc.) and regional trend. Regional trend data is sorted 

according to: i) CT - Curraghinalt Resource, ii) Curraghinalt-DEV ïResource Development, iii) 

Curraghinalt Resource Surface, iv) Curraghinalt Resource Underground, v) VT ï Volcanics trend (i.e. 

Tyrone Igneous Complex), vi) RD ï Regional Dalradian (Sperrin minor veins), and vii) GT ï Glenlark 

Trend (i.e. Glengawna Formation). All data from Curraghinalt was included together here. Regional 

data is discussed separately. The database also includes earlier vein characterisations from Curraghinalt, 

prior to the latest modelling. The most recent vein codes (2020) were used here.  

An additional file of Curraghinalt face sampling was provided of 3155 analyses ï this dataset 

lacks the element Te. Sample types are sorted according to face, back, channel, sludge and wall. These 

were sampled between 1987-1989 (911 analyses) and 2013-2016 (2244 analyses).  As few Te data are 

available for certain years of drilling (between 2012 and 2017), additional new whole rock geochemical 

data from the analysis of pulps was provided to the author of 67 extra analyses.  

 

Results 

Critical metal enrichment at Curraghinalt.  

Base, precious and critical metal concentrations for the Curraghinalt deposit are provided in 

Tables 4.1 to 4.3 below. The main elements of interest here are Au, Ag, Te, Bi, Cu, Sb and to a lesser 

extent Co, Pb, Mo and As. Elements Hg, Cd, Ga, Ge, Se, Sn, Tl, W are present at very low 

concentrations and often near or below detection. Ni is also present at relatively low concentrations 

(similar to Pb), which is to be expected for an orogenic gold deposit.  

Summary statistics are provided with average (mean and median), and maximum 

concentrations for each element in Tables 4.1 and 4.2. All results are presented from both the resource 

vein (D vein) and extensional splay vein (C vein) categories. For vein class, this includes up to 41791 

analyses for the C veins and 9805 analyses for the D veins. Uncertain D veins (classified as DU in the 

database) and low angle veins (classified L) are not included. An accompanying graphical 

representation of this information is provided in Figure 4.1 below, using Percentile Box Plots, coloured 

according to vein type. An additional table is provided that provides a summary of all data from the 
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resource veins that have been classified according to the latest modelling in Table 4.3 (i.e. as a belong 

to a specific vein ï T17, Grizzly, 106-16, etc). 

 

 

Figure 4.1. Percentile Box Plots for base metals, precious metals and CRMs for both resource veins (D veins) and splay veins 

(C veins). The central box is the middle 50% of data from Q1 to Q3. The whiskers are 5% and 95% values. Outliers (top 5% 

and bottom 5% of data) are represented by circles. The median is expressed as a black line, and mean by a solid black circle. 
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Table 4.1. Metal concentrations from the main resource (D) and extensional splay (C) veins. Statistics for the D veins using 

only samples classified by vein ID is presented in Table 4.3. Information derived from Percentile Box Plots. All metal 

concentration data in ppm. Note: 1 wt% = 10,000 ppm.  1 g/t = 1 ppm. 

Metal Te Au Ag Bi Sb Cu Co Zn Mo As 

D veins (all)           

Minimum regular 

whisker (5%) 

2.5 0.005 0.25 1.0 2.5 10 6.0 5.0 0.5 2.5 

Quartile 1  2.5 0.87 0.27 1.0 2.5 37 10 16 2.0 10 

Median 5.0 4.1 1.7 2.5 2.5 123 15 26 10 31 

Mean 5.8 2.99 1.7 3.2 5.3 174 15 25 9 39 

Quartile 3 11 14 5.7 8.0 8.0 774 22 43 39 114 

Max regular whisker 

(95%) 

39 54 21 34 93 6761 47 95 155 1323 

Highest value 318 568 220 310 262 140,500 3,185 11,750 1450 100,420 

Number of analyses 1797 9576 9456 9051 9158 9021 9051 9201 9051 9152 

C veins (all)           

Minimum regular 

whisker (5%)  

2.5 0.005 0.25 1.0 2.5 5.0 6.0 20 0.5 2.5 

Quartile 1  2.5 0.01 0.25 1.0 2.5 16 9.0 32 0.5 2.5 

Median 2.5 0.02 0.25 1.0 3.5 29 12 48 0.5 6.0 

Mean 3.1 0.04 0.27 1.3 3.1 31 11 46 0.8 7.2 

Quartile 3 5.0 0.12 0.25 1.0 2.5 55 15 67 1.0 13 

Max regular whisker 

(95%) 

7.0 1.16 0.6 4.0 9.0 220 23 103 4.0 55 

Highest concentration 56 107 641 175 2,040 65,436 1,113 42,300 797 41,057 

Number of analyses 3,835 40,068 40,003 39,755 39,758 39,761 39,755 39,761 39,755 39,760 

 

Table 4.2. Continued metal concentrations from the main resource (D) and extensional splay (C) veins.  

Metal Hg Cd Ga Ge Ni Pb Se Sn Tl  W 

D veins (all)           

Minimum regular 

whisker (5% data) 

0.5 0.25 2.5 1.0 9.0 1.0 5.0 5.0 2.5 2.5 

Quartile 1 0.5 0.25 9.0 1.0 18 4.0 5.0 5.0 5.0 5.0 

Median 0.5 0.25 10 1.0 25 8.0 5.0 5.0 5.0 7.0 

Mean 0.5 0.3 10 1.2 24 8.0 5.0 5.0 5.0 7.1 

Quartile 3 0.5 0.5 20 1.0 34 13 5.0 5.0 5.0 10 

Max regular whisker 

(95% data) 

0.5 0.7 20 3.0 54 43 5.0 5.0 10 20 

Highest value 13,000 150 40 6.0 1,580 26,100 17 11 34 3,620 

Number of analyses 1782 9,051 9,050 1,674 9,051 9,201 1,797 1,796 9,050 9,051 

C veins (all)           

Minimum regular 

whisker (5% data)  

0.5 0.25 10 1.0 14 1.0 5.0 5.0 2.5 5.0 

Quartile 1 0.5 0.25 10 1.0 22 4.0 5.0 5.0 5.0 5.0 

Median 0.5 0.25 20 1.0 28 7.0 5.0 5.0 5.0 5.0 

Mean 0.5 0.3 16 1.2 28 6.0 5.0 5.1 5.0 6.3 

Quartile 3  0.5 0.25 20 1.0 36 11 5.0 5.0 5.0 10 

Max regular whisker 

(95% data) 

0.5 0.5 30 3.0 53 17 5.0 5.0 10 13 

Highest concentration 2.0 869 40 6.0 1,018 61,800 10 10 63 4,210 

Number of analyses 3,108 39,755 39,747 3,097 39,755 39,761 3,835 5,835 39,747 39,755 
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Table 4.3. Metal concentrations from classified main resource veins. Note this includes only samples have been coded to the 

latest (2020) vein modelling.  

Metal Te Au Ag Bi Sb Cu Co Zn Mo As 

D veins (classified)           

Minimum regular 

whisker (5%) 

2.5 0.26 0.25 1.0 2.5 12 6.0 4.0 0.5 2.5 

Quartile 1 2.6 2.9 1.2 2.0 2.5 58 11 12 3.0 14 

Median 6.0 9.2 3.7 5.0 2.5 268 16 22 17 45 

Mean 7.0 7.0 3.2 5.0 6.6 303 16 22 13 52 

Quartile 3  15 24 8.9 13 11 1,630 24 38 53 161 

Max regular whisker 

(95%) 

46 72 29 47 188 9,664 55 107 180 1,548 

Highest concentration 318 568 220 310 11,173 140,500 3,185 5,469 1,450 81,900 

Number of analyses 1,137 4,817 4,743 4,472 4,546 4,577 4,472 4,577 4,472 4,543 

Metal Hg Cd Ga Ge Ni Pb Se Sn Tl  W 

D veins (classified)           

Minimum regular 

whisker (5%) 

0.5 0.25 2.5 1.0 8.0 1.0 5.0 2.5 2.5 2.5 

Quartile 1  0.5 0.25 5.0 1.0 16 4.0 5.0 2.5 5.0 5.0 

Median 0.5 0.25 10 1.0 23 8.0 5.0 2.5 5.0 6.0 

Mean 0.6 0.34 8.6 1.2 22 8.2 5.0 2.6 4.4 6.8 

Quartile 3 0.5 0.5 10 1.0 32 15 5.0 2.5 5.0 10 

Max regular whisker 

(95%) 

2.0 1 20 3 56 53 5.0 5.0 10 20 

Highest concentration 13,000 102 40 5 1,580 20,000 17 11 34 3,620 

Number of analyses 1,140 4,472 4,472 1,068 4,472 4,577 1,137 1,137 4,472 4,472 

 

From Figure 4.1 it is evident that the main resource (D) veins contain significantly higher 

contents of most base, precious and critical metals that their associated splays (the C veins). This is 

evident with significantly higher Au, Ag, Te, Bi, Sb, Cu, Mo and As averages (mean and median) and 

often interquartile ranges. Zinc and Co contents are similar in the two veins, the prior slightly more 

enriched in the C veins, and the latter in the D veins. Interestingly, Ga is notably higher in the C veins 

than the D veins ï though it is still at low levels. Median and mean Ga concentrations in the C veins are 

17 ppm and 15 ppm respectively, compared to 10 ppm and 9 ppm in the D veins. Cd and W 

concentrations in both the C and D veins are low. The bulk of Ge, Se, Sn and Tl data is at detection, 

with only a handful of analyses showing slight enrichment above detection. Average Pb concentrations 

are comparable in the C and D veins (mean C = 6.3 ppm, D = 8.2 ppm) but there far more samples from 

the D veins that carry >40 ppm Pb.  

Moving forward, the main CRMs of interest that will be discussed in relation to base (Cu, Pb, 

Zn) and precious (Au, Ag) metals are Te, which shows significant enrichments at Curraghinalt, along 

with Bi, Sb, As, Mo and Hg. Of these As, Mo and Hg are generally low, but locally enriched in specific 

zones of the deposit. Cobalt and nickel are also of interest from an academic point of view, as Co/Ni 

ratios are informative for revealing fluid processes and tied to gold grade (see later). One intercept of 

minor cobalt mineralization is also examined in Section 5 of this report.  
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A number of correlations are observed using all the D vein samples (with no subdivision by 

vein ID ï this is discussed subsequently). The main correlations of interest are: 

¶ Au-Ag (0.71). This is unsurprising, and due to the presence of electrum in the veins. 

¶ Bi-Te with Au-Ag. These correlations are shown in Figure 4.2 below, and are due to various 

telluride phases, which are often Ag- and Bi-rich. As detailed in the previous section, Au, Ag 

and Au-Ag telluride phases are recognized. Individual correlations are: Te-Au (0.84), Te-Ag 

(0.72), Te-Bi (0.89), Bi-Au (0.79), Bi-Ag (0.57). 

¶ Ni-Co (0.88). This is due to the presence of lattice bound Co and Ni in pyrite, though other 

minor Co phases were identified by SEM (see Section 5). 

¶ Fe with Au, Ag, Bi, Te. Electrum and tellurides are predominantly within fractured pyrite and 

to a lesser extent occur as rounded/sub-rounded inclusions in pyrite.   

¶ Sb-Cu (0.42). This correlation is due to tetrahedrite (and to a lesser extent tennantite) in the 

deposit. However, far more chalcopyrite (that lacks Sb) occurs than tetrahedrite, resulting in a 

weaker correlation across the deposit between these metals. 

¶ Sb-Zn (0.53). Minor Zn substitution was observed in tetrahedrite and tennantite. The correlation 

is weakened as sphalerite is a host for Zn, but not Sb. 

No significant correlations are apparent for a number of elements when looking at all D vein 

samples together. These include Mo, Hg, As, Pb and Tl. Mineral hosts for these phases are known (i.e. 

molybdenite, coloradoite, arsenopyrite and galena) but are relatively rare across the deposit as a whole. 

 

 

Figure 4.2. Element correlations between Au, Ag, Bi and Te using the resource (D) veins. Best fit lines are shown in orange. 

Data is contoured using point density. 
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Predicting Te concentrations in missing assay data. 

Tellurium is the main CRM of interest here. It is present in minerals, and at concentrations, that 

can be recovered during planned Au-Ag-Cu mining. Although Te data is patchy, as the element was 

historically excluded from assays between 2012 and 2017, a relatively simple picture emerges in 

relation to Au, Ag and Bi concentrations.  The following equations use ordinary least squares regression 

(line through origin). Nulled Te data and values near detection were removed. A strong correlation 

between Te and Au is shown in Figure 4.3 below. Using all D vein data (932 analyses), we obtain an 

equation of:  

Te concentration (ppm) = Au (ppm) x 0.8219 

When excluding the DU category (D veins uncertain; n=61), we obtain:  

Te concentration (ppm) = Au (ppm) x 0.825 

 

 

Figure 4.3. Correlation between Te and Au in resource veins. Three lines of best fit are included: one for all D vein samples 

(classified and uncertain), a second for those affiliated uncertain, and a third using only the classified D vein samples.  

 

From the smaller recently acquired dataset from pulps (67 analyses), an equation with a lower 

slope is produced: 

Te concentration (ppm) = Au (ppm) x 0.5433 

This equation from the pulps is not considered as reliable given the heterogeneous nature of Te across 

the deposit (see below), and significantly lower number of samples included.  

Tellurides can contain a variety of elements: Bi, Ag, Au, S, Hg, Pb. Consequently, the 

relationship between Au and Te is further complicated by correlations of Te with Ag and Bi. The 

relationship between Te and these elements are: 

Te concentration (ppm) = Bi (ppm) x 0.9531   (n=871 analyses) 

Te concentration (ppm) = Ag (ppm) x 1.0424   (n=871 analyses) 
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Given the scarcity of coloradoite and altaite in the deposit, it is unsurprising that Hg and Pb 

show poorer/no correlations to tellurium: Hg-Te (0.22), Pb-Te (-0.024).  

A linear trend in concentrations is also observed in Au-Bi-Ag space as shown in Figure 4.4. 

This might prove a more useful method of estimating Te concentrations (where Te is missing from 

analysis) if a reliable equation can be established.  

 

Figure 4.4. X-Y-Z plot with different views highlighting the linear relationship between Au, Ag and Bi concentrations. 

Coloured by Te concentration (pink is highest, then yellow, green, blue lowest). 

 

Correlations by vein ID.  

In addition to the base metal, precious metal and CRM correlations already described, there are 

a number of correlations worth discussing when data is viewed by individual veins (i.e. T17, Grizzly, 

Sheep Dip). Arsenic rarely correlates with any other metals in D vein samples. However, rare exceptions 

include:  

¶ As-Zn correlations only occur in the V75, V55 and Bend veins. The principle host of As is 

tennantite-(tetrahedrite) and arsenopyrite. The prior contains Zn through solid solution (see 

Section 5). 

¶ As-Au correlations only occur in the Bend vein (0.78), and weakly in Slap Shot Splay.  This 

could be due to the presence of either early arsenopyrite associated with the Q2 gold event, or 

tennantite that occurs during the Q4 gold event. 

¶ As-Sb correlations occur in Slap Shot Splay, Crow and Foyle veins. These veins likely contain 

more tennantite-tetrahedrite, which are the main hosts for As and Sb at Curraghinalt. These 

minerals can often occur together, and exhibit solid solution between As and Sb end members. 

¶ As-Pb correlations in the Road, V75, Bend, Harp and Foyle veins. 

¶ As-Te correlations occur in the Slap Shot Splay vein. 

Mercury also rarely correlates with other elements across the deposit, except for a number of instances: 

¶ with Au and Bi in the Mullan, Grizzly and Foyle veins. This could reflect either the late Hg-

bearing electrum (after Shaw, 2023) or the presence of coloradoite (HgTe) associated with 

electrum and other Bi-tellurides. Coloradoite was abundant in two thin section samples from 

the Mullan vein examined by the author (see Section 5). 

¶ with Pb and As in the Harp and Finn veins.  

¶ with Cu and Zn in the Bend and Raven veins. 

¶ with a large number of elements in Bend vein. Including Sb (0.99), Zn (0.96), As (0.96), Cu 

(0.94), Ag (0.89), Ni (0.51), Te (0.54) and Pb (0.47). Note, samples from the Bend vein also 

exhibit rare Hg, Zn-Pb and Sb correlations. 
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Given the above, a number of the veins appear have a unique metal signature using the available 

data. Using the 2020 vein classification code, CRM distribution was also investigated across the 

different resource veins. The resource includes the following veins, in order: Road, Sheep Dip, Sperrin, 

Mullan, Grizzly, T17, V55, No 1, Causeway, 106-16, Slap Shot, Slap Shot Splay, V75, Bend, Bend 

Splay, Crow, Raven, Harp, Finn, and Foyle.  

A number of base, precious and critical metals appear to vary between veins. This likely reflects 

how fluids migrated through the Curraghinalt vein system during formation. Metal variations therefore 

could be due to proximity to feeder fluids (i.e. any magmatic input), variations in fluid chemistry 

(temperature, redox), or structural processes (dilatational jogs and horsetail branches vs. sheared veins). 

This is further highlighted by the split probability plots in Figure 4.5 below. Key points include the 

following: 

¶ Au, Ag, Bi and Te are high in the T17, Mullan, V75 and 106-16 veins. 

¶ Cu is higher in the Sheep Dip, V17 and V75 veins. 

¶ Sb is higher in the Mullan and T17 veins. 

¶ Co is anomalous in some areas of the Road and Mullan veins.  

¶ As is more enriched in the Foyle, Road, Raven and Sheep Dip veins. 

¶ Hg is higher in the V75 and T17 veins, but generally Hg contents are low in all veins. 

¶ Mo is generally higher in the Foyle, V75, T17 and 106-16 veins, though most veins can show 

enrichments past 250 ppm. 

 

 

Figure 4.5. Split probability plots for a range of base, precious and critical metals coloured according to vein ID. Note the 

preferential enrichment of some metals in some veins, compared to others. 
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Whole rock geochemical data was also visualised spatially across some of the modelled veins 

where there was sufficient sampling to investigate any variations in CRM enrichment.  Given the higher 

Hg contents in the V75 and T17 veins, this was examined in 3D. The T17 vein had 597 analyses 

available for visualisation, whereas the V75 vein had 627 analyses. Data is plotted spatially in Figure 

4.6 below, coloured for Hg content.  

Generally Hg contents are very low and near or below detection for most veins. In the T17 and 

V75 veins, significant Hg contents are restricted to shallow depths. Higher Hg contents (>0.5 ppm) also 

seem to occur in the west in both areas (apart from 2 analyses from V75).  

 

Figure 4.6. 3D view of Hg contents for the V75 (open circles) and T17 (filled circles) veins at Curraghinalt. Highest Hg 

contents occur at shallower depths, and to the west area of drilling. (left) face on view of veins. (right) cross section view of 

veins. 

CRMs showing the greatest enrichment in the deposit were also examined in map and 3D view 

according to concentration. Representative maps showing all resource D vein samples (classified) are 

shown in Figure 4.7 below for Te, Sb and Bi. Note the patchy nature of the Te data. However, given 

close correlations between Te and Bi, the Bi map can be taken as a good guide to what the Te 

distribution would look like with additional analyses.  

From these maps it is evident that CRM abundance varies across the main resource veins 

spatially. Localised zones of significantly higher Bi-Te and Sb occur. It has already been established 

that Bi and Te correlate strongly with gold. Therefore, it is most likely these CRM enrichments are 

related to the ore shoots described by Shaw et al. (in prep). The Sb concentration map reflects the 

distribution of tetrahedrite in the deposit, which again could either be controlled through fluid 

chemistry, or vein style/texture (see below section).  
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Figure 4.7. Distribution of Bi, Te and Sb within the Curraghinalt deposit. Data shown is from all named resource veins only. 

Note the patchy distribution of concentrations for each.   

Vein texture: controls on Au and also CRM abundance 

As demonstrated by Shaw et al. (in prep), and discussed in Section 3 of this report, Au grade 

varies significantly according to vein texture. To quote Shaw: ñdilational jogs and horsetail branches 

host ore shoots and are higher in grade and sulfide content than the sheared veinsò and ñpaleostresses 

and kinematics of wider syn-ore shear zone and fracturing processes are the first-order control on ore 

grade and vein textureò. Sheared and laminated veins had lower gold contents than pegmatitic and 

cockscomb textures for the No. 1, 106-16, Slapshot and V75 veins. The cockscomb veins exhibited the 

highest Au contents by far (see Figure 3.11).  

Given the strong relationship between Au-Ag and Bi-Te already established here, whole rock 

geochemical data was plotted according to vein texture - namely sheared, laminated, pegmatitic and 

cockscomb/massive sulfide textures. This used the extensive underground sampling dataset provided 

by Dalradian Gold. Summary statistical information for the four classified types of vein style are 

presented in the accompanying Appendix Excel file. Figure 4.8 below presents this same information 

using Percentile Box Plots (logged axis).  
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Figure 4.8. Percentile Box Plots for base metals, precious metals and CRMs classified according to vein style. The central box 

is the middle 50% of data from Q1 to Q3. The whiskers are 5% and 95% values. Outliers (top 5% and bottom 5% of data) are 

represented by circles. The median is expressed as a black line, and mean by a solid black circle. 

It is evident from this figure that not only Au (and Ag) grade is linked to vein texture. Gold 

does exhibit (along with Ag) the greatest distinction in concentrations according to vein type. This is 

perhaps unsurprising and sudden vein opening could create void space, reductions in fluid pressure and 

phase separation causing electrum to be precipitated as both Au and Ag are removed from solution. 

However, pegmatitic and cockscomb/massive sulfide veins also have higher average contents of Cu and 

Bi than sheared and laminated veins. The cockscomb/massive sulfide veins also seem to exhibit the 

largest quartile range of Sb concentrations, plus a higher mean value.   

There is no apparent relationship between vein style and concentrations of As, Co, Ga (mostly 

around detection), Mo, Pb or Zn. Additionally, Cd, Ga, Tl and W concentrations are low in all samples. 

Unfortunately no Te data is available for these samples, however, given most tellurides are Ag or Bi 

rich compositions, and those metals exhibit concentration variations according to vein texture, the same 

can be expected for Te. No Hg, Se and Sn data was available either for these samples.   

 Correlation pairs were also investigated for the different vein textures. Correlation pairs are 

generally similar, but vary slightly, according to vein texture. The strongest pairs are listed here: 

¶ Sheared veins: Au-Ag (0.82), Co-Ni (0.82), Zn-Cd (0.74), Zn-Sb (0.72), Au-Bi (0.66), Sb-Cd 

(0.59). 

¶ Laminated veins: Zn-Cd (0.85), Au-Ag (0.7), Au-Bi (0.66), Ni-Ga (0.61), Ni-Co (0.6), Pb-Cd 

(0.56), Ag-Bi (0.54). 

¶ Pegmatitic veins: Zn-Sb (0.88), Au-Bi (0.84), Zn-Cd (0.75), Sb-Cd (0.72), Au-Ag (0.71), Ni-

Co (0.68), Ag-Bi (0.53).  

¶ Cockscomb/massive sulfide veins: Zn-Cd (0.94), Zn-Sb (0.93), Sb-Cd (0.9), Bi-Ag (0.72), Ni-

Co (0.67), Au-Ag (0.6), Zn-Cu (0.54), Zn-Ag (0.51). 

Again, these correlations make sense based on our understanding of the mineralogy of the 

Curraghinalt veins. Gold-Ag correlations are due to electrum, and Ag-Bi due to the presence of bismuth 

tellurides. Cobalt and Ni are both substituted into pyrite (and possibly arsenopyrite?) ï this was well 

demonstrated by Stratford and McClenaghan (2020) through LA-ICPMS mapping of pyrite. The Zn-

Sb and Zn-Cu correlations are explained by minor Zn within tetrahedrite and tennantite (see subsequent 


