
6. Is the hypogene mineralogy reflected in the  signatures of placer grains?

YES

The use of detrital gold grains in an exploration context is 

dependent on microchemical features of the hypogene grains 

persisting into the placer population.   
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Fig 6.1 Mineralogical 
Context of particulate 
Au in hypogene ore 

Fig 6.2 Same mineral 
associations observed as 
inclusions in grains liberated 
from hypogene ore  

Fig 6.3 Very similar features 
observed within placer gold 
grains. 
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Examples of gold associations in ore from alkalic porphyries are illustrated in Fig 
6.1. These mineral species were also observed as inclusions within gold grains 
recovered from crushed ore (Fig 6.2). Near identical inclusion features and 
inclusion species are observed in placer grains (Fig 6.3). 

Fig. 6.4 Comparison of Au alloys from hypogene grains and 
local placer populations for all localities. 

Fig 6.5 Comparative matrix of inclusion species and abundance in the various placer localities 
studied

The microchemical signature of placer gold grain 
populations reflects the mineralogy of the hypogene 
ore. 

The suite of inclusions identified at each of the placer localities shows strong 
similarities both between sites and with the hypogene mineralization. 
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Alkalic Cu-Au porphyries present challenging exploration 

targets as a consequence of their small surface expression 

and the absence of strong alteration halos. However, 

specific detrital minerals, including gold, may exhibit features 

diagnostic of their parent intrusion or alteration assemblage.

The aim of the project is to establish whether gold derived 

from alkalic porphyries exhibits specific mineralogical 

characteristics which persist into placer populations 

following erosion and dispersion. Our objective is to develop 

a low cost exploration methodology which can establish 

concealed alkalic porphyries during the early stages of 

exploration in remote terrains, both in British Columbia and 

globally.

This poster presents the work of an ongoing study which  

focusses on the characterization of gold grains from four 

alkalic porphyries in BC, and their local placer expressions. 

1. Introduction
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7.

7.

7. Is the microchemical signature of gold from alkalic porphyries distinct from that of orogenic gold and calc-alkalic porphyries?
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The successful application of placer gold mineralogy to exploration is 

dependent upon our capacity to differentiate between gold grains 

derived from different sources of mineralization.

The microchemical signatures of gold derived from the alkalic porphyries studied here indicate a generic signature independent of location. 

This generic signature is distinct from that previously recorded for gold derived from both calc-alkalic porphyries in the Yukon and gold from 

orogenic mineralization worldwide. The diagnostic features of the gold grains from alkalic porphyries persist into the local placer populations 

and comprise elevated Hg and Cu in the alloy, and sporadic Pd-bearing mineral inclusions. These features are readily identifiable, and could 

be used as discriminants in an exploration context, applied to detrital grains collected in routine stream sediment surveys. 
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5. Does hypogene Au from alkalic porphyries exhibit a generic signature?

X-ray Source

Turntable

Planar detector

Multi-slice 
acquisition

Individual HRXCT slice 130, 
showing two individual gold 
grains (bright specks) and a 
Chalcopyrite network (lightest 
grey) in a silicate matrix (dark 
grey)

Slice 130Slice 129

Slice 131 Slice 132

Fig 4.3 - Mt Milligan MBX Zone - Slice 130

Bn

Au

Mount Polley - Au in Bn

Gold grains are not particularly abundant in 

polished section. An improved estimation of the 

abundance and size of particulate gold can be 

obtained by three dimensional imaging of core 

samples using High Resolution X-ray computed 
2tomography . 

High Resolution X-ray computed tomography or 

HRXCT is an industrial equivalent of medical 

computed axial tomography (CAT scanning)  
(Fig 4.1).   

The technique allows the generation of 134µm thick 

'slices' of 14mm-diam samples from which three 

dimensional information may be extracted (Fig 4.2).

Using this approach, a number of c.100µm gold 

grains were identified in cored samples of ore from 

Mt Milligan, (Fig 4.3). This aspect of the study is 

ongoing .  
SEM analysis and HRXCT studies confirm that some hypogene 

gold from alkalic porphyries is sufficiently large to form placers.

4. Are the gold grains from alkalic porphyries large enough to form placers?

“At the end of the rainbow”; can the distinctive mineralogy of detrital gold
  derived from alkalic porphyries inform exploration programs?

Thomas J. Mileham, Robert J. Chapman, Matthew J. Pankhurst
Ore Deposits Group, Institute of Applied Geosciences, School of Earth and Environment, University of Leeds, United Kingdom
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2. Methods

Alloy composition 
and variation

Characterization of 
mineral inclusions

‘Microchemical Signature’
The characterization of a population of gold grains 
according to the alloy compositions and associated 

mineral inclusion species 

 EMPSEM  

3. Analysis of Placer and Lode Au

Gold from alkali porpyries vs gold 
from calc alkali porphyries

Gold from alkali porphyries;   
 - Elevated Hg and Pd in alloy, 
      (Fig 7.2 )     
 - Hg, Pd bearing inclusions 
      (Fig 6.1,6.3  ) 

Gold from calc alkaline porphyries: 
1 - Pb/Bi inclusion signature 

Mount Polley Lode
Spanish Creek
Spanish Mountain Lode

Fig 7.1   Differentiation of hypogene 
gold from Mt Polley and lode and placer 
grains from the nearby Spanish 
Mountain, mineralization at Likely, BC
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(Casino, Revenue/Nucleus Yukon)

Gold from alkali porpyries 
vs gold from orogenic 
mineralization

Gold from alkali porphyries;
 - Elevated Cu in alloy wrt 
   orogenic gold (Fig 7.1) 
 - Pd - bearing grains

Fig 7.2 - Differentiation of gold grains from calc-alkalic and alkalic porphyry systems according to concentrations of the minor alloying 
elements Cu, Hg and Pd. Concentrations of Hg are consistently higher in gold from alkalic porphyries, and a sub population containing 
Pd is absent in gold from the calc-alkaline systems. Copper concentrations are broadly equivalent.

Minor alloying elements and inclusion suites 
 can be used to differentiate between gold grains 
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Gold grains isolated from hypogene mineralization at the four different porphyry localities 

have been compared in terms of their alloy compositions and mineral associations. 
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Most compositions conform to a compositional field 
adjacent to the Au- Hg axis but a second smaller field is 
close the Au-Cu axis. Overall, the composition of hypogene 
grains  are compatible with those of the source.

The majority of grains exhibit elevated Cu and Hg, independent of the (variable) Ag. Such Cu and Hg values 
3are generally unusual as indicated by the compositional field of orogenic gold grains from localities worldwide 

The mineralogical context 
of gold grains from the 
various porphyries is very 
similar. Examples from all 
localities show gold  
associations with pyrite, 
bornite and chalcopyrite. In 
some cases a simple 
paragenesis may be 
constructed. 

For gold grains in alkalic porphyries Cu and Hg ranges in 
 alloys are consistently high, and the mineralogy of the 
bearing hypogene ore is similar in all cases.
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Fig 4.1 - 50µm gold grain 
in Bornite

Fig 4.2 - Schematic of 
HRXCT apparatus 

Fig 1.1 - Locations visited during this study

different styles of mineralization 
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