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2. Regional Background

3. Strategy1. Aims & Motivations

4. Future Work

   = LA-ICP-MS
trace element spot
analysis

   = LA-ICP-MS
U-Pb spot analysis

LA-ICP-MS on ≤ ~100 grains per sample, multiple 
spots per grain + targeted ID-TIMS and titanite 

dating if necessary: prevents reliance on few grains to 
date emplacement as in previous CA-ID-TIMS work

Standard picking and cathodoluminescence, U-Pb 
and adjacent trace element spots targeting growth 

zones to minimise bias and identify metal 
enrichment at deep crust vs emplacement depths

Develop a cost effective strategy to investigate intrusions and mineral 
deposits in line with new BGS and UK government focus on a secure 
UK critical metal supply1,2

Caledonian intrusions lack modern knowledge of geochemistry and 
geochronology, and application of the recognised lower crustal hot zone 
model to geological understanding of the Northern Highlands

Focus on the Strontian pluton and Northern Highlands where there is 
known mineralisation, but geological framework unclear

1. Dating:
U-Pb calcite of main vein
U-Pb apatite of associated 

sub-volcanic dyke 
(Permian-Carboniferous?)

2. Collect large optical 
data sets via stitching 

image tiles (c)

3. Machine learning: 
clustering and 

quantitative criteria to 
segment images, identify 

regions of interest

4. EDX + LA-ICP-MS of 
regions of interest, 

correlate info to sample 
scale; 

focused ion beam 
tomography for grain 
morphology (3D) and 

mineralisation processes

5. Results dependent + 
geological framework, 

further focus on e.g., Ge 
and In, known in galena/
sphalerite but untested at 

Strontian

 

The Hypothesis: A lower crustal hot zone existed from 
c. 450 - 430 Ma beneath the Northern Highlands

Embed workflow between Glasgow and Hull Universities and the BGS Critical Minerals Intelligence Centre
Use the workflow to rapidly assess baseline geology in understudied plutons, quantify the pluton-mineralisation association and determine critical 
metal load and distribution in previously identified mineralised sites
Combine analytical approaches with modelling of 3D structure and deformation history of plutons to further constrain their potential as geothermal 
energy sources

(a) Field image of sample, 
Strontian main vein

Current Results
LA-ICP-MS zircon
206Pb/238U weighted mean

Intrusion

439.4 ± 3.1 MaGlen Loy
441.3 ± 2 MaLoch Linnhe

431.6 ± 1.3 MaCluanie
zircon population 1:
413.3 ± 1.3 Ma

Strontian
(outer)

Zircon population 2:
422.53 ± 0.82 Ma

Results to Follow

JustificationIntrusion

Clarification of
current result

Strontian
(outer, inner)

REE potential?Abriachan

Geothermal
potential

Helmsdale

(b) Polished 
block
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1. Strontian

6. Helmsdale

5. Abriachan

4. Cluanie

2. Loch Linnhe

3. Glen Loy

Key (text)
Known
Unknown/requires revision
and addressed in this study
Unknown/requires revision
and not addressed here

Fenitised c. 394 ± 15 
Ma (K-Ar)10

Age, structural 
association with
GGFS 
Assessment of 
mineralisation

Geochemsitry, 
structure, 
Assessment of 
mineralisation

Age

c. 420 Ma? (lower 
intercept)11 zoned, 
high heat 
properties, U and 
Au mineralisation12 

434 Ma (whole rock 
Rb-Sr)8, no known 
mineralisation, high 
Na/K chemistry of 
uncertain origin9

Age, detailed 
geochemistry, 
geodynamic framework

Early 1990s U-Pb ages for two 
facies: ~425  & ~417 Ma3,4, 
whole rock geochemistry5, 
structural model for 
emplacement6, late Pb-Zn 
mineralisaed carbonate vein7 
Comprehensive U-Pb study of 
all facies and vein  
mineralisation, structure and 
critical metal abundance and 
distribution in carbonate veins

Age, preliminary 
geochemistry

Age, 
structural 
association 
with GGFS

Key 
Intrusions 
included in 
this study
Other 
Caledonian 
intrusions

Assessment of 
sulphide 
mineralisation

1.

2.

3.

4.
5.

6.
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concordia age = 422.59 � 0.82 Ma (n=15)

MSWD = 8.2 | 0.97 | 1.2 , p(χ2) = 0.0043 | 0.51 | 0.2

Glen Loy
Loch Linnhe

Cluanie

Iapetus slab 
breakoff

Strontian 
population 2, 
2σ error

Approx. duration 
of hot zone based 
on Cluanie and 
Glen Loy zircon 
ages8

Subduction related 
intrusions

Strontian 
population 2 
concordia age

Strontian 
population 2 
weighted mean =
422.53 ± 0.82 Ma 

analytical error? or geologically 
significant with implications for 
Hutton 1988 model and dextral 
GGFS motion6? Strontian 

population 1 
weighted mean


