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Foreword

Thisconfidentialreport is the published product of a study by the British Geological Survey (BGS),
commissioned bypepartment for the Economy>fE ,Minerals and Petroleum Branghp characterise
the mineraloy and petrography of potentially graphitbearing rocks from the Dalradian Supergroup
and Moffat Shal€sroupof Northern Ireland.

Graphite is a form of carbon that occurs as black to steel grey, lustrous flaky aggregates, disseminated in
metamorphic rocks or as veins. Natural graphite has specialist properties such as high electrical
conductivity, high melting point, resistance tormosion, and lubricity. Natural graphite is the primary
material used for the anode of most lithiuman batteries and this is expected to be a major driver of
increasing demand in the coming yearst the time of writing,China continues to dominate dial

natural graphite production (77%) followed by Madagascar, Mozambique, and Brazil. Graphite is
currently regarded as a critical raw material for the UK and several other countries.

Graphite forms where carberich sedimentary rocks have been metamorphosed, with flake graphite
being restricted to areas of relatively high temperature metamorphigireas of potential prospectivity
for flake graphite are thus those where there is evidence of amphibolite facies metamorphism and
where carborrich metamorphosed sedimentary rocks are mapped. In the Sperrin Mountains of
Northern Ireland, these criteria ammet in small areas of the Dalradian Supergroup.

In this study, collaborative fieldwork betwedime BGSthe Geological Survey of Northern Irelai@ISN),
Dalradian Goldilintridgeand Conroyas conducted to assess the potential for graphite in Dalradian
metasedimenary rocksacross the Sperrin Mountaird Moffat Shal€roup rocks of the Longford

Down Thirty samples were collected and analysed using optical and scanning electron microscopy, X
ray diffraction and thermogravimetrnass spectrometry.

This workcarried out betweerAugust2023and March2024, will inform the DfE of potential
opportunities for graphite in the region as it develops a policy position on mineral development.
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Figure 1. TGMS outputs for (top) a standard coarfieke graphite sample (Sri Lanka), (middle) a
standard dolomite (Malawi) and (bottom) a mixture of the Sri Lankan graphite and Malawian
dolomite. All runs were in flowing air. The black traces reprette TGA curve with a weight

Figure 2. TGAMS output for an example Northern Ireland sample (MRC1241). The black trace
represents the TGA curve with a weight loss(es) delimited, the magenta trace represents the
derivative thermogravimetric (DTG) curve that assists in delimitinght/éags events and the red
trace represents the evolVed GBS CUIMNVE......... e e 9

Figure 3: A) reflected light image of MRC1206 highlighting the bladed crystal morphology of the
arsenopyrite occurring within red dashed box. B) False colour EDXetentient map of dashed red
box area from image A showing the mineralogy of the area anfirming that the bladed crystals
are arsenopyrite and not flake graphite. Qz = quartz (black), Apy = arsenopyrite (yellow),

Ms =muscovite (orange), Fe@olomite (cyan), Faulfide (red)........ccccovvvviiiiii s 11

Figure 4: BSE image from MRC1242 showing an elongate patch of graphitic material occurring along the
micaceous foliation of the host rock. B) False colour EDX-aheitient map of the same area of
MRC1242 as shown in image A, illustrating mineral phastifidations. The graphitic material is
intergrown with chlorite (Chl) and muscovite (Ms). C) BSE image from MRC1253 showing a
subrounded patch of graphitic material intergrown with quartz. D) False colour EDXefaaignt
map of same area of MRC1253 hewn in image C, including the carbon map used to confirm the
phase identification and illustrating other mineral phase identifications. The graphitic material is
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intergrown with apatite and an Fexide phase. Ms = muscovite, Qz = quartz, Chl = chlorite, Ab =
AUDITE, A = AP . e e e e e aennes 12

Figure 5. Hand sampleSMRC382..........ooo e 14

Figure 6. Left: PPL imageMiRC382 Middle: XPL image MRC38Zhowing general mineralogical and
textural characteristics. Right: RL imag®&C38ighlighting lack of pyrite and-dkide
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Figure 7. Cut hand sampleMRC386..........cooiiiiiiiiieiii e 15

Figure 8. Left: PPL imageMiRC386 Middle: XPL image MRC38&howing general mineralogical and
textural characteristics. Right: RL imag®éiC38ahighlighting pyrite and Toxide mineralisation.

Figure 9. Hand sample FRIIRCBOS............uuiuiiiiiiiiiiiiieieeri et e e e e e e e e e e e e e e e e e s aaerrreeees 16

Figure 10. Left: PPL imageMiRC805 Middle: XPL image M RC805howing general mineralogical
and textural characteristics. Right: RL imag®IBRIC805ighlighting pyrite and Toxide
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Figure 14. Left: PPL imageMiRC1178 Middle: XPL image MRC117&howing general mineralogical
and textural characteristics. Right: RL imag®IBIC117&ighlighting pyrite and Toxide
11 T=T =TT = o o TSRS 18

Figure 15. Hand sampleMRCLL7. ...t e et e s eee e 19

Figure 16. Left: PPL imagewiRC1179 Middle: XPL image MRC117%howing general mineralogical
and textural characteristics. Right: RL imag®IBIC117%ighlighting pyrite and Toxide
T T=T = 11T = Ao TSRS 19

Figure 17. Hand sample and cut hand sampMRE1206.............cccceeriiiiiiiiiieeiiiiieeee s 20

Figure 18. Left: PPL imagewiRC1206 Middle: XPL image MRC120&howing general mineralogical
and textural characteristics. Right: RL imag®IBIC1206ighlighting pyrite and Toxide
1T T=T = 11T = Ao TP SRREESSRRR 20

Figure 19. Left: BSE imageMRC1206&howing locations of BSE scans. Middle row top to bottom; BSE
images showing nature of arsenopyrite blades/rhombs and graphitic material. -iRighbp to
bottom; geochemical maps highlighting mineral phases. Ms = muscovite; Qz = quartz; Apy =
oY= 0] )Y/ (=P 21

Figure 20. Hand sampleBRCL215........o i e 22

Figure 21. Left: PPL imageMiRC1215 Middle: XPL image MRC1215howing general mineralogical
and textural characteristics. Right: RL imag®IBIC1215ighlighting pyrite and mineralisation22

Figure 22. Cut hand sampleMRC1232 Tick mark was to identify surface for thin section preparation.

Figure 23. Left: PPL imageMiRC1232 Right: XPL image MRC123Zhowing general mineralogical
and textural characteristics. Bottom: RL imag&&C123ighlighting pyrite and Taxide
T T=T =11 = Ao TP SPRSRSRRRRR 23

Figure 24.MRC1232 Left: BSE image showing locations of BSE scans. Middle row top to bottom; BSE
images showing nature of graphitic material and porphyroclasts. {Rightop to bottom;
geochemical maps highlighting mineral phases and blugklpolishing residue. Msmuscovite;
Qz = quartz; Ap = apatite; Chl = ChIOKILE............ooo i 24
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Figure 26. Left: PPL imageWiRC1233 Right: XPL image MRC1233%howing general mineralogical
and textural characteristics. Bottom: RL imagM&C1233ighlighting pyrite and Toxide
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0T gL = EST= U0 ] o PO PPPPPPRRP 26

Figure 29. Left: BSE imagetRC1234howing locations of BSE scans. Middle row top to bottom; BSE
images showing nature of graphitic material. Rigiw top to bottom; geochemical maps
highlighting mineral phases. Ms = muscovite; Qz = quartz; Ap = apatite; KIn = kaolinite; Ab = albite;
Y0 ] [0 [T (= PP PRPP PP 27

Figure 30. Hand sample RC1235 Tick mark was for thin section preparation................c......... 28

Figure 31. Left: PPL imageMiRC1235 Right: XPL image MRC123%howing general mineralogical
and textural characteristics. Bottom: RL imag&&C123%highlighting pyrite and Taxide
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Figure 33. Left: plane polarised light image of MRC1236. Opaque areas are potentially graphitic
material. Right: crospgolarised light (XPL) image of MRC1236 showing general mineralogical and
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Figure 34. Hand sample Of MRCL237........oooiiiiiiiiieee et e e 30

Figure 35. Left: PPL image of MRC1237. Opaque areas are potentially graphitic material. Right: XPL
image of MRC1237 showing general mineralogical and textural characteristics. XPL may have slight

blue tinge due to white balance issue during image CBItU..............ccooiiiiiiiiieieeenniiiieeeee e 30

Figure 36. Hand sample Of MRCL238.........cooi it a e 31

Figure 37. Left: PPL image of MRC1238. Opaque areas are potentially graphitic material. Right: XPL
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Figure 40. SEMSE image of MRC1239. Left: Whole section scan with focus areas highlighted. Middle
row top: BSE image showing contrasting phases, note that resin and graphite appear the same.
Middle row centre: Geochemical map highlighting compositioditiérent phases. Middle row
bottom: Geochemical map highlighting apatite anddeéfide against resin and graphitic material.
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right: Geochemical map highlighy composition of different phases. Ap = apatite; Ms = muscovite;
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Figure 41. Cut hand sample of MRC1240. Tick mark was to show surface for thin section prepdration.
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Figure 46. Left: PPL imageMiRC1242 Potential white balance issue causing overly green tinge to the
image. Central: XPL imageMiRC124Zhowing general mineralogical and textural characteristics.
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images showing nature of graphitic material. Right: geochemical maps highlighting mineral phases.
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Summary

This confidentialreport describes the results of mineralogical and petrographic analysis of a s@ife of
metasedimentary rocks of the Dalradian Supergrdsperrin Mountains, and Moffat Shale Group of the
LongfordDownof Northern Ireland. The wonkas carried out as part of a Department for the Economy
(DfE, Minerals and Petroleum Branch) project to assess the potentgehpfiite in theseocks

The first part of the report provides a sample list followedHwyanalytical methodlogyused to
conduct Xray diffraction(XRD)thermogravimetric mass spectrometefFGAMS) opticalmicroscopy,
and scanning electron microscoffyE Manalysis.The results of each analytical method dnen
provided and discussed.

Interpretation of XRD analysis suggests that samples are predominantly composed of quartz (mean 53.8
wt%) and mica (mean 32wt%) with moderate amounts of carbonate mineral species including

dolomite, ferroan dolomite, and sideriteRlagioclase feldspar, kaolin, chlorite, apatite, and pyrite were

also frequently identifiedn the samples.XRDndicated thatonly trace amounts of graphite (mean 1.3
wt%)were present ldentification ofsuchsmallquantitiesof graphite proved difficult due tXRDpeak

overlap with quartz, the most abundant mineral phase of the sample set.

Providing a more sophisticated picture of thermal decomposition of gragigting samples than

simple furnace assaythe TGAMS measured weight loss between 105°C and 1080§Gested anean
graphite concentration of 8.8 wt¥6r the samples However, this is likely an overestimation due to the
abundance of carbonates, phyllosilicates, and clay minerals all of which contribute to weight loss in this
temperature range.Further, detailedinterrogation of the TGA and G@volution MS profiles indicates a
series of weight loss events, reflecting the complex, variable nature cddhgple’'smineralogical

composition and the decomposition of multiple phases. However, in combination with the carbonate
species identified by XRD, the weight losses have been interpreted as being largely due to the
decomposition of siderite (~560°C), dolomite/@ie@lomite/ankerite (~720°C), and graphite (~740°C).

Using this approach, small quantities @34 wt%) of graphite were identified ih0 of the 30 samples
analysed. Samples MRC1237, MRC382, MRC1238, MRC1241, and MRC1247 all show graphite contents
greater than 2.3wvt%. The remaining samples, particularly those with high proportions of dolomite/Fe
dolomite/ankerite concentrations, may also contain undetected amounts of graphite.

Optical microscopy and SEM were conducted to assess the nature of potential crystalline graphite
mineralisationin the samples.Optical microscopy failed to identinygraphite in this form.SEM

analysis identified the presence afcarbonrich mineral speciegypically present irr100 pm across
patches,ntergrown with quartz and micarhis fine scale and intergrowth habit explainy the optical
microscope method failed tmentify it as graphite The nature of graphite across this sample set can be
described as disseminatdithely/poorly crystallinegraphitic materiain amorphous carbomich matter.

It can be suggested that, although disseminageaphitic material is present in trace amounts in many
of thesesamplesmetamorphic graddias not beersufficientlyhigh to promotesubstantialgraphite
mineralisation.

Vii
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1 Introduction

Thisconfidentialreport presents the results dhe mineralogicabnd petrographicharacterisation of a
suite of30 graphite-bearing samplesollected from Northern Ireland The client specifically requested
that the samples were characterised using mineralogicaay>diffraction and thermogravimetrdmass
spectrometry) analyse®gether withopticaland scanning electromicroscopy to determine the nature
of the graphite flakesize present.

Sample details are shown in Table 1. Analyses were performed followiggleealguidelines
summarised in Mitchell (1993).

2 Laboratory methods

Following receipt, representative portions of the samples for optical microscopy were photographed
and marked for thin section preparation. The remaining sample materiapassed to the BGS Sample
Handling Facility. Here the samples wgw crushed to approximately <4 mamd half the material
subsampled by corand quartering and bathilled.

In order to provide a finer and uniform partieéze for powder XRD analysis, a 2.7 g portion of each
milled sample was micronised unddeionised watefor 10 minutes with 10% (0.3 g) corundum
(American ElementsPN:AEOY03-P). The addition of an internal standard allows the validation of
quantification results and also the detection of any amorphous species present in the samples.
Corundum was seléed as its principal XRD peaks are suitably remote from those produced by most of
the phases present ithe samples. The micronised samplesre dried in an oven at 55°C,

disaggregated and bagkaded into standard stainless steel sample holders for analysis.

Xray diffraction KRDI y'I t @aAad g+ a OF NNASR 2dzi dzaAy3a I t! bl f:
equipped with acobalti F NESG Gdzo Sz - Q/ St SNIXG2NJ RSGSOG2NI I yR
micronised powder samples were scanned fronc8F 2y at 2.06°2/minute. Diffraction data were
AYAGALEE® Fylrfte@aSR dzaAy3d t!blrfte@dAaAOrt - Qt SNI | A 3K
version of the International Centre for Diffraction Data (ICDD) database.

Following identification of the mineral species present in the samples, mineral quantification was
achieved using the Rietveld refinement technique (e.g. Snyder & Bish, 1989) using the same HighScore
Plus software. This method avoids the need to prodyeceletic mixtures and involves the least

squares fitting of measured to calculated XRD profiles using a crystal structure databank. Errors for the
quoted mineral concentrations calculated from synthetic mixtures of minerals, are better than £1% for
concerirations >50 wt%, 5% for concentrations between 50 and 20 wt% and +10% for concentrations
<10 wt% (Kemp et al., 2016). Where a phase was detected but its concentration was indicated to be
below 0.5%, it is assigned a value of <0.5%, since the erroliassbwith quantification at such low

levels becomes too large.
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Tablel. Sample list

S(iji <9 Collector code  Sample name Location Easting Northing

MPLYS808  MRC382 XMRC1220X Magherenny 223580 337190 GSNI
MPLY809  MRC386 Glenarn West 222840 336740 GSNI
MPLY810  MRCB805 JSFS01 Broughderg 264952 387995 GSNI
MPLY811  MRC808 18-GDO1 (J92) Glencurry 2416 375860 2i'|:jad'a”
MPLY812  MRC1178 C322-002 Clontibret 290358 317347 Conroy
MPLY813  MRC1179 CY09-02 Clontibret 281398 335427 Conroy
MPLY814 MRC1206 CDG®02B16 Clontibret 275479 330246 Conroy
MPLY815  MRC1215 CY09-10 Clontibret 281315 335443 Conroy
MPLY816  MRC1232 GSNIGAL 102 Lack Inlier 23958 370790 Flintridge
MPLY817  MRC1233 GSNIGAL 103 Lack Inlier 239598 70790 Flintridge
MPLY818  MRC1234 GSNIGAL H15@1 Lack Inlier 239826 370638 Flintridge
MPLY819  MRC1235 GSNIGAL HoD4 Lack Inlier 240329 37109 Flintridge
MPLY820  MRC1236 F82949 Glenlark 260215 389402 gﬁ'lgad'a”
MPLY821  MRC1237 F82950 Curraghinalt 256125 386545 gi'laad'a”
MPLY822  MRC1238 F82951 Curraghinalt 256121 386538 gi'lgad'a”
MPLY823  MRC1239 F82952 Crosh 249766 375546 gﬁ'lgad'a”
MPLY824  MRC1240 F82953 Curraghinalt 259564 385338 gi'lgad'a”
MPLY825  MRC1241 F82954 Glenmacoffer 252274 384147 gi'lgad'a”
MPLY826  MRC1242 F82956 Glenmacoffer 252298 384126 gi'lgad'a”
MPLY827  MRC1243 F829% Glenmacoffer 252279 384143 gi'lgad'a”
MPLY828  MRC1244 F82957 Glenmacoffer 252306 384119 gi'lgad'a”
MPLY829  MRC1245 F82958 Scotchtown 254020 386559 gi'lgad'a”
MPLY830  MRC1246 F82959 Glencordial 249366 375902 gi'lgad'a”
MPLY831  MRC1247 F82961 Glencordial 249387 375884 gi::jad'a”
MPLY832  MRC1248 F82962 Glencordial 249406 375868 gi'lgad'a”
MPLY833  MRC1249 GSNI23/01 Crockaghole 271229 390277 BGS/GSNI
MPLY834  MRC1250 GSNI23/02 Crockaghole 246487 378042 BGS/GSNI
MPLY835  MRC1251 GSNI23/03 Rylagh 246487 373102 BGS/GSNI
MPLY836  MRC1252 GSNI23/05 Creeven River 240388 370162 BGS/GSNI
MPLY837  MRC1253 GSNI23/08 Cornavarrow River 234995 369409 BGS/GSNI

Small, ~50 mg portions of milled material were heated in-fiB8latinum crucibles from 25 to 1100 in
a Mettler-Toledo TGA/DSC #termobalance system coupled to a Pfeiffer Vacuum ThermoStar mass
spectrometer via a heated (180), 0.3 mm OD, quartz capillary.

2
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Single runs with a gas flow of 40 ml/min air and a heating rate of 10°C/min were applied. Although the

MS offers the ability to measure gases in the rang20D amu, only water (¥, m/z 18), CO (m/z 28)

and CQ(m/z 44) output was monitored for this study. Prior to commencing sample analyses, the
¢D!'k5{/ aeadSyYy gla OFftAONIGISR dzaAy3a GKS YI ydzFl O
test. Zero runs were then completed for empty J8@latinum crucibles. The TGA was controlled and

TGA outputraces were interpreted using the Mettl@roledo STARe software suite (v16.10). The linked

MS was triggered by the TGA but otherwise programmed and MS output displayed using Quadera
software (v4.62). Prior to measurements, the MS was calibrated usingdhefacturer's standard

procedures to account for drift in the current amplifier, SEM gain and mass scale adjustment.

Thin section preparation was outsourced and undertaken by Stratum Reservoir (previously ALS Global).
Representative areas were extracted using a diamipped saw and impregnated with epoxy resin

under vacuum. A blue dye was added to the resin to enable any natural porosity to be readily identified
during the subsequent petrographic examinatidPolished thin sections were prepared to (3

thickness.

Optical microscopy and imaging thin sections was conducted using a Zeiss Axio Imager A2m with
automated stageand Axiocam 20&olourcamerdfitted. This hardware combined witheissZen3.7
software allowedor imaging andapidfull-section scanningf each sample iplane-polarised(PPL,)
crosspolarised(XPLpand reflected ligh{RL) Key optical properties used to identify graphite by optical
microscopy are its opaque transparency in PPL and metallic steel grey colouDih&lminerals share
these optical properties, such assenopyrite (if no yellow colouration is present) and titanium oxides,
thus making optical identification challenging if all phases occur in the same sample.

Detailed mineralogical, petrographical amdcroanalytical observations were made using a Zeiss Sigma
300 field emission scanning electron microscope (SEM). This is fitted with twin Bruker Xflash 6|30, 30
mn?, 129 eV, energy dispersiveNd @ 095- 0 RSUSOG2NEI NHzyyAy3a 6AGK
SEM hosted EDX systems determine the energieg@ajsithat are emitted where the electron beam

interacts with sample material. This is used to determine elemental compositions and for mineral phase
identifications. The EDX system used is capable of tilegeelements from atomic numbeés (B) to

atomic number 92 (Wandhas detection limits of the order of 0.2 to 0.5 wt% for most elements.

All samples were examined under high vacuum conditions{RH). Accelerating voltages and beam
currents were selected to best suit the objectives of the analyses. For this study, the operating
conditions used were 20 kV accelerating voltage with api@perture inBeam boostinode, giving a
nominal beam current of 10 nA. Digital photomicrographs were obtained using the backscatter electron
(BSE) technique, recorded &bit greyscale TIF format images. The brightness of a phase under BSE
imaging is proportional to its mean atomic numb&he purpose of SEM analysis was as a check on
optical microscopy phase identification. Graphite displays low brightness in BSE analysis due to it being
composed of carbon (@tomic number 6) and has adominant EDX profileThese propertiesitier

from those observed in arsenopyrite and titanium oxides since both phases have higher BSE brightness
and do not contain C in their EDX profiles.
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3 Results

The results of quantitative wholeck powderXRDanalyses are summarised in Table 2.

XRD analyses suggest that the samplepegdominantly composed of quartz (¢.88.2wt%, mean
53.8wt%)and'mica’ (undifferentiated mica species possibly including muscovite, biotite, illite,
illite/smectite, 7.9;85.0wt%, mean 32.0t%). The samples also contain moderate amounts of various
carbonate mineral species including dolomite ¢@d.5wt%, mean 5.4vt%), ferroan dolomite/ankerite
(ndg13.4wt%, mean 1.5t%) and siderite (ngh.8wt%, mean 1.1vt%). Lesser amounts of plagioclase
feldspar, kaolinchlorite, apatite and pyrite were also variably detected in the samplBaragonite and
chloritoid were tentatively identified in only one of the samples (MRC1249).

XRD identified only trace amounts of graphite in the samples1(19dvt%, mean 1.3vt%). However,

the identification of such low levels of graphite proved exceptionally diffioultetermine. The gaphite

XRD pattern presents its majoelfativeintensity,I=100%) peak at 3.34A which coincides with the quartz
major peak. Since quartz forms more than 50% of the mineral composition of the samples, the graphite
main peak is impossible ttiscriminate The only ¢her graphite peakn the scan rangat 2.08A

(1=12%), 1.96A (1=8%), 1.67A (1=5%), 1.62A (I=4%), 1.46Aafieaitery low relative intensitandso

are very difficult/impossible to distinguish at such low graphite concentratidierefore, in this study,

the XROdentification and quantification of graphite relied on standard graphite data with no
crystallographior orientation refinementapplied.
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Table2. Summary of powder-pay diffraction analyses

Mineral (wt%)

o © 3
Collector's code 8 = @ € o )
8 2 S £ 25 £ 2
) S © o < £ J) 9
2 5 g 3 £ % 3 5
MRC382 84.9 nd 13.6 nd nd nd nd nd nd <0.5 nd nd 1.3
MRC386 70.2 nd 23.7 <0.5 nd nd 0.7 nd 2.1 <0.5 nd 0.9 1.9
MRCB805 72.7 nd 23.5 <0.5 nd nd 1.0 nd 0.7 <0.5 nd <0.5 1.5
MRC808 48.8 25 37.3 0.6 1.6 nd 25 nd 3.3 0.7 nd 11 1.7
MRC1178 35.3 nd 50.3 0.8 nd nd 0.9 nd 4.0 <0.5 nd 7.7 0.8
MRC1179 88.2 nd 8.0 nd nd nd nd nd nd nd nd 25 1.3
MRC1206 47.3 nd 27.6 nd 7.0 nd 16.4 nd nd nd nd 1.3 <0.5
MRC1215 84.8 0.7 7.9 nd nd nd 0.6 nd nd nd nd 4.5 1.5
MRC1232 44.0 0.8 32.0 nd 7.3 nd nd 13.4 0.6 nd nd <0.5 1.7
MRC1233 68.9 nd 23.6 nd <0.5 nd nd 3.4 1.0 1.3 nd <0.5 1.4
MRC1234 52.2 nd 321 nd nd nd nd 9.8 2.3 nd nd 1.4 1.4
MRC1235 63.8 1.7 23.0 nd 6.1 nd 29 nd nd nd nd 0.8 1.8
MRC1236 81.6 nd 14.4 nd nd nd 2.0 nd <0.5 nd nd <0.5 14
MRC1237 72.7 0.9 24.1 nd nd nd nd nd 0.7 nd nd nd 1.7
MRC1238 69.9 nd 26.1 2.1 nd nd nd nd 0.6 nd nd nd 1.3
MRC1239 8.7 nd 81.7 nd 7.0 nd nd nd 1.7 nd nd 1.0 nd
MRC1240 43.4 3.6 46.4 nd nd nd nd 1.0 3.8 nd nd 1.1 0.7
MRC1241 67.4 nd 26.6 nd nd nd 1.8 nd nd <0.5 nd 2.2 1.8
MRC1242 23.8 17.9 46.3 nd 10.8 nd nd nd <0.5 nd nd nd 1.1
MRC1243 42.8 nd 30.8 nd nd nd 24.5 nd nd nd nd 0.6 13
MRC1244 37.9 nd 32.2 nd nd nd 27.5 nd <0.5 nd nd 0.9 13
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Table2(continued). Summary of powderr&y diffraction analyses

Mineral (wt%)

. = ) E
Collector's code 3 £ @ E o ° o
o [} o = o = Q o =
2 2 =) = s = 2 <
= S © S S L @ S S
< = ] o < o = ©
o (&) o © LL @© () (&} (@]
MRC1245 7.9 nd 85.0 nd nd nd 1.0 nd 4.8 nd nd nd <0.5
MRC1246 64.9 nd 26.3 nd 3.1 nd nd 3.9 nd nd nd <0.5 1.6
MRC1247 77.2 nd 18.3 nd 1.1 nd nd 1.9 nd nd nd <0.5 1.3
MRC1248 42.8 <0.5 36.7 nd 7.9 nd 5.8 4.9 <0.5 nd nd <0.5 1.1
MRC1249 29.6 nd 38.8 nd 15.7 11.1 nd nd nd nd 3.3 nd 1.4
MRC1250 38.7 nd 27.9 1.0 nd nd 25.7 5.6 nd nd nd nd 1.1
MRC1251 38.3 nd 33.8 nd nd nd 26.9 nd nd nd nd nd 1.0
MRC1252 53.9 nd 29.5 nd <0.5 nd 11.0 nd 4.2 nd nd nd 1.3
MRC1253 51.8 nd 334 nd nd nd 10.4 nd 2.6 <0.5 nd nd 1.7
nd: not detected
'mica’ undifferentiated mica species including muscovite, biotite, illite, illite/smectite
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The graphite content of geological samples has traditionally been assessed using dsimagleassay
with graphite content being determined from the difference in sample weight at 105°C and 1@0§°C
Mitchell, 1993) However, as other minerat®mmonly associatedith graphite,such as carbonates,
sulphates, hydratesand phyllosilicates/clay minerals also decompose betweesdtemperature

limits, such simple assay resudte very likely tamverestimate graphite concentration

Thermogravimetrianass spectrometry (TGMS) analysis provides a more sophisticated picture of the
thermal decomposition of graphitebearingsample thara simplefurnaceassy. TGA produces a
weight loss curvéhat may beplotted against timeand/or temperature and from which different
decomposition events can be identified and measurkderpretation of these weight losseés terms of
attribution to particular mineral decomposition reactionan begreatlyfacilitatedby integratingthe

mass spectromteic analysis oévolvedgases

TGAmeasured weight losses between 105°C and 1000°C, as would be determined by simple furnace
assay, suggest that the samples contain graphite concentrations between 3.3 anit%9(thean 8.8
wt%)(Table 3). However, XRD analigistified abundant carbonate, phyllosilicate, and clay minerals in
the samples (Table 2), all of which will contribute to the 1@2000°C weight loss. The 10§1G00°C
weight loss graphite assays should therefore be regarded as overestimates.

TGAMS of graphite in a flowing air atmosphere typically shows a single weight loss between ~600 and
1000°C, peaking at ~800°C. Due to the kinetic nature of decomposition, the temperature at which
weight changes occur is sensitive to numerous parametetadinginstrument and sample conditions

but alsoparticle sizeandcrystallinity. Smaller grairsizes and poorer crystallinity graphites decompose

at lower temperatures than larger grain sizes and more highly ordered graphites.

As an examplehe TGAMS output for a standardcoarseflake graphite samplé~87.5wt% graphite)
heated in flowing airs shown in Figure(fop). The single weight loss between ~420 and ~1080°C
(inflexion at ~890°QEpresens graphite decompositiomndis accompanied bthe evolution of CQ
(m/z 44)

Carbonate mineralalsolend themselves to GA-MSas they decompose via relatively simple,
temperaturespecific, endothermic reactioni&emp et al., 2022)

For example, dolomite heated in flowing air, exhibits a single weight loss between ~435 and ~1050°C
(inflexion at ~740°C) and is accompanied by the evolution off6 44)(Figure @niddle). As for

graphite, the precise temperature of carbonate mineral decomposition varies due to the range of

factors discussed above with the additional complication of ionic substitution in carbonate minerals.
However literature sources suggest thatderite would typically decompose €670C(e.g.,Y | RT A 2 O |
DI ¢ & &., 2023ndankerite/ferroan dolomitewould typically decomposat <720°C(e.g.,t (1 étS |

al., 202).

Figure 1(bottom) shows the T@AS output produced by a synthetic mixture of the Malawitmomite
(78%) and the Sri Lankan graphiB2%). Two weight losses are defined, &ath are accompanied by
CQ-evolution. The first weight loss from ~500 to ~785°C (inflexion at ~744°C) represents the
decomposition of dolomite. The second weight loss from ~785 to ~1005°C (inflexion at ~826°C)
represents the decomposition of graphitélowever there is some degree of overlap between the
weight losses of the two pls&@sand this results in an underestimate of the graphite contemly
~14%)
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Figurel. TGAMS outputs for (top) a standard coarieke graphite sample (Sri Lanka), (middle) a
standard dolomite (Malawi) and (bottom) a mixture of the Sri Lankan graphite and Malawian dolomite.
All runs were in flowing air. The black traces represent thA Turve with a weight loss(es) delimited,
the red tracegepresentthe evolved C@gas curve.
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If the particle-size/crystallinity of the graphite were less than the Sri Lankan cageseed graphite
then the degree of overlap with dolomitend underestimate of the graphite contembould likely be
even greater.

The TGA curvdsr the Northern teland samplesypically show a series of weight loss events, reflecting
the complex variablenature of their mineralogical composition atfie decomposition ofnultiple
phases.A typical example is shown in Figure 2.

s 10 15 20 F 30 35 a0 a5 50 55 60 65 70 7 80 85 % 95 100 105 mn

Figure2. TGAMS output for an example Northern Ireland sample (MRC1241). The black trace
represents the TGA curve with a weight loss(es) delimited, the magenta trace represedésittative
thermogravimetric (DTQurve that assists in delimiting weight loss events and the red trace represents
the evolved C@gas curve.

As the primary objective of the TGA analyses was to determine the graqritent of the samples,
interpretation of the TGA curvegasrestricted toexamination of theveight losses associated with £0
evolution measured by the MS.

As discussed abovihe decomposition and C&evolution of thevariouscarbonate mineralin the
Northern Irelandsamples, identified by XRD @slomite, Fedolomite/ankerite and sideriteinterferes
with the discrimination of the graphite weight loss and Z®olutionin many caseslinterpretation is
therefore very difficult.

Table 3 summarises thmarameters of thadentified weight lossesnd theirassociatedCQ-evolutions.

Each of the weight losses were assigned tumberedCQ-evolutionaccording to its peak temperature
inflexion (~560, ~720 or ~740°@ach of these weight losses show some variation in peak temperature,
as would be expected considering differences in parstte, crystallinity, and ionic substitution among
many factors. Howevein combination with the carbonate species identified by XiRB weightlosses

are interpreted as being largely due to the decomposition of siderite (~560°C), dolomite/Fe
dolomite/ankerite (~720°C), and graphite (~740°C).

Using this approach, small quantities @34 wt%) of graphite were identified ihO of the 30 samples
analysed.Samples MRC1237, MRC382, MRC1238, MR(&h2&#in in Figure 2and MRC1247 all show
graphite contents greater than 2¥8t%. The remaining samples, particularly those with high
proportions of dolomite/Fedolomite/ankerite concentrations, may also contain undetected amounts of
graphite.
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Table3. Summary of TGKS analyses

%graphite CQ evolution 1 (~5660 %graphite
Collector's from 105 Low : Peak : ar E

— 1000°C temp ngrl temp Weight evolutlcin 3

weight loss ©9 temp (°Q ©9 loss (%) (~740°C)

weight loss
MRC382 4.2 449 800 646 3.36 3.4
MRC386 5.8 433 621 591 2.14 621 971 677 3.27 nd
MRC805 5.8 461 589 578 1.08 589 723 642 2.95 nd
MRC808 7.2 238 648 548 3.8 648 971 736 3.27 nd
MRC1178 11.6 533 650 579 5.24 651 799 653 1.61 79 965 853 1.40 1.4
MRC1179 4.7 285 756 527 4.04 756 886 762 0.29 0.3
MRC1206 10.8 525 639 590 2.19 639 960 741 7.41 nd
MRC1215 5.5 174 731 531 4.73 731 960 763 0.64 0.6
MRC1232 11.2 239 604 560 1.58 604 822 759 8.% 822 979 859 0.61 0.6
MRC1233 6.3 525 609 571 0.78 609 985 742 5.03 nd
MRC1234 10.3 343 609 571 3.15 609 992 747 7.07 nd
MRC1235 5.3 495 608 571 0.82 608 985 760 410 nd
MRC1236 3.3 495 598 542 0.60 598 1040 708 2.53 nd
MRC1237 5.5 311 788 641 4.41 4.4
MRC1238 3.6 342 1068 665 3.02 3.0
MRC1239 5.7 nd
MRC1240 8.6 495 634 587 4.16 634 825 744 3.12 nd
MRC1241 7.3 496 716 656 4.09 716 1005 780 2.26 2.3
MRC1242 3.9 311 616 548 1.67 616 765 674 0.92 0.9
MRC1243 19.9 201 563 547 0.70 693 1034 768 15.12 nd
MRC1244 18.9 239 566 544 0.67 681 819 767 15.06 nd
MRC1245 9.2 239 616 565 4.36 616 767 705 1.84 nd
MRC1246 7.9 680 966 748 3.71 nd
MRC1247 7.1 278 661 567 4.60 661 954 741 2.28 2.3
MRC1248 11.9 668 958 741 6.06 nd
MRC1249 4.1 nd
MRC1250 18.8 446 576 554 0.54 656 819 770 16.58 nd
MRC1251 16.0 400 591 557 0.72 657 818 765 13.64 nd
MRC1252 11.0 220 638 591 4.62 638 811 741 5.72 nd
MRC1253 12.8 358 627 581 2.94 627 1005 756 9.50 nd

10
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The findingof the optical microscopyerformed onthe 30 sample thin sectiorasre presented in
Appendix 1.Each section wasmaged under PPL, XBhdRL to assess whethanycontained crystalline
graphite. Potential graphite targets identified from the optical work were then subjected to SEM
analysisusing thefull-section scansbtained at an earlier stage in the analytical processavigate to
the target locations In all cases, material identified as possidarse crystalline flake graphifepaque
in PPL and XPgrey/metallic in RLproved to bearsenopyrite(e.g.Fig. 3)or titanium oxide

Figure3: A) reflected light image of MRC1206 highlightimgbladed crystal morphology tfie
arsenopyriteoccurringwithin red dashed box. B) False colour EDX raidthent map of dashed red box
area from image A showirtge mineralogy of the area and confirming that the bladed crysiads
arsenopyrite and not flake graphite. Qz = quartz (black), Apy = arsenopyrite (yellownidsovite
(orange), Falolomite (cyan), Fsulfide (red).

Consequentlya new approacko search for potential graphitevas adoptedsolelyusingSEMbased
techniques Nine samples were selected finis further work; analysing 30 samples by Sklds beyond
the scope othe project (Appendix 1) Fulksection BSE images were captust compared to the
opticalfull-section PPL imagés find locations with material that was both optically opaque and of low
BSE brightnessThesesiteswere then characterisd usingeEDXbased elementnapping. High resolution
characterisation of these target sitesveakd carbonrich materialassociated witlthe micaceous
foliation of the host rock, particularly in areas of shear{iig. 4) However, carbomnich material was

also found adjacent tand within grains of quartanuscovite chlorite, Tioxides, Fesulfides,apatite,

and several carbonate mineral spec{€®y. 4) Thus, the carbomich phase does not appear taveco-
precipitated with anysinglemineral specieand rather does so witkeveral

4 Summary

The esults of XRD and T@AS point towards graphite being present in many of the samples despite
peakoverlapissues with quartz and weight loss issuvelating to the presence afarbonate phasg
Sincethe petrographic techniques used in this study cannot resolve any ciigstédrm of graphite, the
graphite must be finely or poorly crystalline and possibly disseminated in amorphous a&hbon
matter. Thegraphitic material is anhedral and intergrown with several other mineral species
predominantly quarz and muscoviteThelongaxesof the graphitic materiapatchestypically follow
foliation and cameach~200um inlength, thoughare more often sub50 um inlength (Fig. 4) Thusthe
graphitic materiahas likely grown and deformembntemporaneouslyvith all other phases undesub
amphibolite facies (in this case greenschist fagiegional metamorphispand likely represents a
primary carborrich materialoccurringin the originalsediment packagdi.e. pre-tectonismand
metamorphism)

11
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EHT = 20.00 kV Signal A=HDBSD  Brightness = 31.3%  Stage at X = 88.698 mm
WD = 10.0 mm Photo No. = 3279 Contrast = 19.2% Stage at Y = 71.124 mm

Fe-oxide
T Intergrown’ sy
: with

Apatite
Intergrown
with
graphitic
material

‘200}!”! EHT = 20.00 kV Signal A=HDBSD  Brightness = 30.5%  Stage at X = 61.359 mm

WD = 9.7 mm Photo No. = 3322 Contrast = 19.7 % Stage at Y = 95,190 mm

Figure4: BSE image from MRC1242 showing an elongate patch of graphitic mateuating alonghe
micaceous foliatiof the host rock B) False colour EDX midiement map othe same area of

MRC1242 ashownin image Aillustratingmineral phase identifications. The graphitic material is
intergrown with chlorite (Chl) and muscovite (Ms). C) BSE image from MRC1253 showing a subrounded
patch of graphitic material intergrown with quartz. D) False colour EDX-ebetttient map of same an

of MRC1253 ashownin image Cincludingthe carbon map used to confirm the phase identification
andillustratingother mineral phase identifications. The graphitic material is intergrown with apatite and
an Feoxide phase. Ms = muscovite, Qz = quartz, Chl = chlorite, Ab = albite, Ap = apatite.

12
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Appendix 1 Optical Microscopynd Scanning
Electron Microscopipescription Sheets

Rock type follow8GS rock classification scheme for the classification of metamorphic rocks, volume
2 (Roberson, 1999The fullsize highquality image data set, Mineralogic data set, and Esprit

geochemical mapping data sets used to characterise the samples describes below are available on
request.

13
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Sample: MRC382

Rock type Schistosesemipelite

Mineralogical constituents Silicate phases: quartahite mica Nonsilicate phases:
carbonaceous material

Mineralogical and textural Disjunctive spaced cleavage wiglnartzrich and
characteristics micaceougcarbonaceous bandsEvidence of deltdype winged
mantled clasts, typically composed of quartz with very fine
guartzandmica strain shadowsPerhaps quartz bands are
boudinaged in placesr are in the form of augetfike
polycrystalline quartz aggregates

Nature of constituent graphite| Not analysed on SEM

Additional comments NA would require SEM analysis.

Figureb. Hand samples of
MRC382.

Figure6. Left: PPL image MRC382 Middle: XPL image MRC38Zhowing general
mineralogical and textural characteristics. Right: RL imat#R&382ighlighting lack of pyrite
and Tioxide mineralisation.
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Sample: MRC386

Rocktype Schistosesemipelite

Mineralogical constituents Silicate phases: quartmuscovite Non-silicate phases:
carbonaceous materiatarbonate (dolomite, sideritef;e
oxides FesulfidesTroxides.

Mineralogical and textural Polyphasaleformation of original sedimentComplexiyfolded
characteristics micaceous/carbonaceous foliation and boudinagedtless
guartz folds Recrystallised quartz varies in grain size from-m
scale to submicron and commonly shows undulose extinction
larger grains Micas can appear to be randomly oriented,
perhaps due to intensity of deformation?

Nature of constituent graphite| Not analysed on SEM

Additional comments Potential microrscale graphitic material showing as opaque,
non sulfide or oxide phase©nly visible by SEM analysis.

Figure7. Cut hand sample of
MRC386

10 mm

Figure8. Left: PPL image BfRC386 Middle: XPL image MfRC38&howing general
mineralogical and textural characteristics. Right: RL imaiy#R&38eighlighting pyrite and Ti
oxide mineralisation.
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Sample: MRC805

Rock type Schistose semipelite

Mineralogical constituents Silicate phases: quartmuscovite Nontsilicate phases:
dolomite, siderite, carbonaceous materiakeoxides, Toxides.

Mineralogical and textural Fine granulasschistose appearanc&yntectonic disjunctive
characteristics cleavagadefined bysub mmmicaceousarbonaceousnaterial
and quartzrich bands Quartz recrystaiation common with
areas of very fine grain quartShear band boudinsr augen
like polycrystalline aggregates recrystallised very fine quartz.
Minor carbonate vein segments perhaps following cleavage
hinges.

Nature of constituent graphite| Not analysed on SEM

Additional comments Potential microrscale graphitic material showing as opaque,
non sulfide or oxide phase©nly visible by SEM analysis.

Figure9. Hand sample of
MRC805.

10 mm

FigurelO. Left: PPL image bfRC805 Middle: XPL image 8fRC805howing general
mineralogical and textural characteristics. Right: RL imaiy#R&805ighlighting pyrite and Ti
oxide mineralisation.
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Sample: MRC808

Rock type Phylliticsemipelite

Mineralogical constituents Silicate phases: quartz, muscovithorite, feldspar Nor+
silicate phasegdolomite, siderite Fesulfides, Foxides Fe

oxides.
Mineralogical and textural Multiphase deformation and micro fracturing of original
characteristics sediment Of dmilar textural character to F82952 and F82959

Clear competency contrast between quartz bands and
micaceous material and abundant brittle deformation.

Nature of constituent graphite| Not analysed on SEM

Additional comments Potential microrscale graphitic material showing as opaque,
non sulfide or oxide phase®©nly visible by SEM analysiso
PPL or XPL image taken.

Figurell. Hand sample of
MRC808.

Figurel2. Reflected light image &ARC808
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Sample: MRC1178

Rock type Laminatedsiderite-bearingmetamudstone

Mineralogical constituents Silicate phases: quart® ¢ K A (i SNoi¥slicate phases:
dolomite, siderite, kaolin carbonaceous materiakesulphide

Mineralogical and textural Of broadlysimilartextural characteto F82962
characteristics

Nature of constituent graphite| Not analysed on SEM

Additional comments Potential microrscale graphitic materiahowing as opaque,
non sulfide or oxide phase®©nly visible by SEM analysis.

Figurel3. Cut hand sample of
MRC1178

Figureld. Left: PPL image BfRC1178 Middle: XPL image MRC117&howing general
mineralogical and textural characteristics. Right: RL imatR&@117&ighlighting pyrite and Ti
oxide mineralisation.
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Sample: MRC1179

Rock type Interbedded metamudrock

Mineralogicakonstituents Silicate phases: quartmuscovite Nonsilicate phasedsre
sulfide, Tioxide,carbonaceous material

Mineralogical and textural Multiphase deformation of original quarizch sediment Very

characteristics fine foliation of quartz rictbands and minor

micaceous/carbonaceous bandslultigenerational conjugate
extensional veining of quartz sub perpendicular to sub
horizontal disjunctive spaced cleavagéeins tend to have fuzz
edgesand show evidence of brittle deformatiorOverall
similarities with MRC 1215

Nature of constituent graphite| Not analysed on SEM

Additional comments NA would require SEM analysis.

Figurel5. Hand sample of
MRC1179

Figurel6. Left: PPL image bfRC1179 Middle: XPL image MRC117%howing general
mineralogical and textural characteristics. Right: RL imaty#R&117%ighlighting pyrite and Ti
oxide mineralisation.
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Sample: MRC1206

Rock type Chlorite-bearing calcareousermipelite.

Mineralogical constituents Silicate phases: quartmuscovite, chlorite Non-silicate phases:
dolomite, carbonaceous materiake-oxides, Fesulfide,

arsenopyrite.
Mineralogical and textural Multi-phasedeformation of original sedimentFolding and
characteristics micro-fracturing of crenulation/disjunctive cleavage in

micaceous/carbonaceous foliation and quartz bands
Extensional veins with fuzzy edges qdrpendicularrelative to
main mica foliation Minor dolomite veiningcrosscutsjuartz
veining Recrystallised quartz varies in grain size from-guale
to submicron and commonly shows undulose extinction in
larger grains Arsenopyrite and Fsulfide overprints main mica
foliation and related extensnal veining and crossutting veins.

Nature of constituent graphite| Gbearing material is r&and intergrown wih mica and quag
It is typically sub 5Qm in trails associated with mica and
occasionally as blebs in quartz bands.

Additional comments NA

Figurel7. Hand sample and
cut hand sample d/IRC1206

Figurel8. Left: PPL image BfRC1206 Middle: XPL image MRC120&howing general
mineralogical and textural characteristics. Right: RL imai#Re120aighlighting pyrite and Ti
oxide mineralisation.
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MRC1206 (83640)

Fe-dolomite.
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Figurel9. Left: BSE image MIRC120&howing locations of BSE scans. Middle row top to bottom; BSE images showing nature of arsenopyrite

blades/rhombs and graphitic material. Rigbtv top to bottom; geochemical maps highlighting mineral phases. Ms = muscovite; Qz = quartz; Apy =
arsenopyite.
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Sample: MRC1215

Rock type Pyritic metamudrock

Mineralogical constituents Silicate phases: quartmuscovite feldspar Nonsilicate phases
carbonaceous materiaFesulfide.

Mineralogical and textural Multiphase deformation obriginal quartzrich sediment Very
characteristics fine foliation of quartz rich bands and minor
micaceous/carbonaceous bandslultigenerational conjugate
extensional veiningnd brittle deformationof quartz sub
perpendicular to sub horizontal disjunctive spaced cleavage
Vein contact with host rock tends to vary from fuzzy to sharp
perhaps relating to various generations of veiningéins are
typically composed of recrystallised qualbtat are occasionally
carbonate mineral phases.

Nature of constituent graphite| Not analysed on SEM

Additional comments NA would require SEM analysis.

Figure20. Hand sample of
MRC1215

Figure2l. Left: PPL image bfRC1215 Middle: XPL image MRC121%5howing general
mineralogical and textural characteristics. Right: RL imatyR&@121%ighlighting pyrite and
mineralisation.
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Sample: MRC1232

Rock type Schistose chloritdéearing calcareous semipelite

Mineralogical constituents Silicate phases: quartz, muscovithorite, feldspar Nor+
silicate phases: ferroan dolomite, sideritgrbonaceous
material Fesulfides, Toxides.

Mineralogical and textural Multi-phase syrtectonic deformation of original sediment
characteristics NBadzZ GAy3 Ay NBONrRalGlIfftAal
shear band crenulation cleavage defined by recrystallied
times augeHike polycrystallinguartz and
micaceous/carbonaceous layerBerroan dolomite
porphyroclasts with very fine recrystallised quartz strain
shadows/mantle Some porphyroclasts show rotation with
sigmoid shapednclusion trails within the porphyroclast are
oblique to main fabric. Carbonate porphyroclasts perhaps
replaced/pseudomorphed an amphibole or feldspar phase.
Fuzzyboundary veins of ferroan dolomite (ankerite?) which
LIS NI G2 F2fft2¢9 GKS / Q 2NJ

Nature of constituent graphite| Graphitic material dispersed across the sample in elongated
trails alongside muscovite and-dxides Note that a significant
numberof the darkerBleb<presentin this sample weréound
to be localised concentrations of epopgsin and thus artefacts
of the thin sectioning process

Additional comments N/A

Figure22. Cut hand sample of
MRC1232 Tick mark was to
identify surface for thin sectiof
preparation.

Figure23. Left: PPL image BfRC1232 Right: XPL image MRC123Z&howing general
mineralogical and textural characteristics. Bottom: RL ima@#R€123%ighlighting pyrite and
Troxide mineralisation.
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Fe-dolomite

Graphitic material

GSNILGALLH103/2

ENT=2000AV  SgnpalA=HOBSD Brightress= 301%  Stage stX = 102390 mem
WO 9.4 mm PhotoNe = 3313 Comasts 164%  Stage st ¥ 73100 mm

3 & e-dolomijte?
. '

ENT=20000V  SgnatA<HOBSD  Brightness = J01%  Stage st X = 86,090 mm
WO« 96mm ProtoNe = 3314 Conast 180%  Stage st ¥ = 76419 mm

ENT2000MV  SguAhOBSD Baghess s J0.1%  Stage st 91858 mm
A WO 95mm  PhooNe =115 Contast= 189%  Stagest¥ 7857 mm

Figure24. MRC1232 Left: BSE image showing locations of BSE scans. Middle row top to bottom; BSE images showing nature of graphiticdnaterial an
porphyroclasts. Righibw top to bottom; geochemical maps highlighting mineral phases and bitebolishing residue. Msmuscovite; Qz = quartz;
Ap = apatite; Chl = chlorite.
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Sample:

MRC1233

Rock type

Schistose semipelite

Mineralogical constituents

Silicate phases: quartz, muscovithjorite. Non-silicate phases:
ferroan dolomite, siderit@ carbonaceous materigFesulfides,
Tioxides.

Mineralogical and textural
characteristics

Multi-phase deformation of original sedimenfolding of
guartz/muscovite layering looks to be crossed by a later phag
2T RS T2 NMand?P)AMbsfly disjur@tive cleavage define
by quartz andnicaceous foliation (@lane) Recrystallisation of
guartz, maybe even graded from very fine to coarser in wider
guartz layers Fuzzyboundary veins of ferroan dolomite
(ankerite?) which appeanostly perpendicular to main-glane
F2EALGA2Y G6AGK -planePSg T2t 29

Nature of constituent graphite

Not analysed on SEM

Additional comments

Potential microrscale graphitic material showing as opaque,
non sulfide or oxide phase®©nly visible by SEM analysis.

Figure25. Cut hand sample of
MRC1233.

Figure26. Left: PPL image BfRC1233 Right: XPL image MRC1233%howing general
mineralogical and textural characteristics. Bottom: RL ima@&RE123ighlighting pyrite and

Tiroxide mineralisation.
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Sample: MRC1234

Rock type Schistose calcareous semipelite

Mineralogical constituents Silicate phases: quartmuscovit. Nonsilicate phases: ferroan
dolomite, siderite carbonaceous materiaFesulfides, Toxides

Feoxides
Mineralogical and textural Multi-phasedeformation of original sedimenRefolding of
characteristics disjunctive cleavage with intensely foldeey@e shear bands

(darkest bands in PRlfaint areas of clearer crenulations,
recrystallisation of seriatinterlobate quartz as boudinaged
guartz layers? Microfracturing/brittle deformation of more
competent phases creating breccRorphyroclasts show
elements of integ and syntectonic deformation as inclusion
trails are often folded but not always in correlation to the
surrounding matrix foliation Srain shadows common around
porphyroclasts.

Nature of constituent graphite| Gbearing® 3 NI Lriditarial ks d@rgrown with several
phyllosilicatephases and is typically sub fth in trails
associated with mica.

Additional comments N/A

Figure27. Hand sample of
MRC1234

Figure28. Left: PPL image MRC1234 Right: XPL image MRC1234howing general
mineralogical and textural characteristics. Bottom: RL ima@&RE1234ighlighting pyrite and
Troxide mineralisation.
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Figure29. Left: BSE image BMIRC1234howing locations of BSE scans. Middle row top to bottom; BSE images showing nature of graphitic material. Right
row top to bottom; geochemical maps highlighting mineral phases. Ms = muscovite; Qz = quartz; Ap = apatite; Kin =Aadlialtéte; S¢ siderite.
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Sample: MRC1235

Rock type Schistose chloritdbearing semipelite

Mineralogical constituents Silicate phases: quartz, muscovith]orite, albite Non-silicate
phasesdolomite, carbonaceous materiaFesulfides, Foxides.

Mineralogical and textural Multi-phasedeformation of original sedimentCQrenulation
characteristics cleavage with intensely foldedt@pe shear bands (darkest
bands in PBLA- A Y ype/st@ar bands in areas of clearer
crenulations Recrystallisation of seriatinterlobate quartz
showing undulose extinction in places along main central folg
zone Refolding of earlier fabric which has feldspar
porphyroclasts.Porphyroclasts show elements of inteand
syntectonic deformation as inclusion trails are often folded b
not always in correlationat the surrounding matrix foliatian
Strain shadows common around porphyroclastth
porphyroclasts having rounded grain boundaries perhaps du
deformation Veins of ferroan dolomite/siderite? With some
associated with fold hinges.

Nature of constituent graphite| Not analysed on SEM

Additional comments Potential microrscale graphitic material showing as opaque,
non-sulfide or oxidephases Only visible by SEM analysis.

Figure30. Hand sample of
MRC1235 Tick mark was for
thin section preparation.

Figure31l. Left: PPL image MRC1235 Right: XPL image MRC123%howing general
mineralogical and textural characteristics. Bottom: RL ima@#R€123%ighlighting pyrite and
Troxide mineralisation.

Sample: MRC1236

Rock type Schistose muscovitkearing psammite
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Mineralogical constituents

Silicate phases: quartmuscovite, chlorite, potential
albite. Nonsilicate phases: pyrite, carbonaceous mater
opaque phases

Mineralogical and textural
characteristics

Fine granular appearance comprising fine quartz, white
mica, and carbonaceousaterial Two directionof
foliation defined by micaceousnd carbonaceous
mineralsonennps F YR (K@ar2 i KSNJ
recrystallsation common with areas of very fine grain
quartz withinequigranulaigranoblastic texture Larger
gquartzhasweak undulose extinction.

Nature of constituent graphite

Not analysed on SEM

Additional comments

Potential microrscale graphitic material showing as
opaque,non-sulfide or oxidephases Only visible by SEM
analysis.

Figure32. Cut hand sample of
MRC1236

Figure33. Left: plane polarised light image BIRC1236 Opaque areas are potentially graphitic
material. Right: crosgpolarised light (XPL) imageMRC123&howing general mineralogical ang

textural characteristics.
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Sample: MRC1237

Rock type Schistose semipelite

Mineralogical constituents Silicate phases: quartmuscovite feldspar Nonsilicate phases
siderite,carbonaceous material, opaque phases

Mineralogical and textural Fine-schistose appearance comprising very fine quartz, whitg
characteristics mica, and carbonaceousaterial Schistosity defined by
micaceous minerals and carbonaceous material. Rough sp4q
cleavage up to 5 % volume percentage with anastomosing
spacial relation occasionally containing quartz/mica crystals
along the foliation Quartz recrystaliation common with areas
of inequigranulamgranoblastic texture Larger quartz may have
weak undulose extinctianClusters of larger quartz grains forn
porphyrcclastlike fedures with fine quartamicacarbonaceous
material in strain shadows.

Nature of constituent graphite| Not analysed on SEM

Additionalcomments Potential microrscale graphitic material showing as opaque,
non-sulfideor oxide phases.Only visible by SEM analysis.

Figure34. Hand sample of
MRC1237

Figure35. Left: PPL image &MRC1237 Opaque areas are potentially graphitic materiRight:
XPL image diRC123&8howing general mineralogical and textural characteristkBL may have
slight blue tinge due to white balance issiigring image capture

Sample: MRC1238

Rock type Schistose semipelite
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Mineralogical constituents Silicate phases: quartmuscovite kaolin . Nonsilicate phases:
siderite,carbonaceous material, opaque phases

Mineralogical and textural Fine schistose appearance comprising quartz, white mica, ar
characteristics carbonaceousnaterial Schistosity defined by micaceous
minerals and carbonaceous materi®ough spaced cleavage |
to 10 % volume percentage with anastomosingt&Edaelation
occasionally containing larger quartz crystals along the foliat
Quartz recrystaliation common with areas of very fine grain
guartz withinequigranulamgranoblastic texture Larger quartz
may have weak undulose extinctiof€lusters of larger quartz
grains formaugenlike polycrystallineggregatesvith fine
guartzmicacarbonaceous material in strain shadov&inistral
sense of shear.

Nature of constituent graphite| Not analysed on SEM

Additional comments Potential microrscale graphitic material showing as opaque,
non-sulfide or oxidephases Only visible by SEM analysis.

Figure36. Hand sample of
MRC1238

Figure37. Left: PPL image &RC1238 Opaque areas are potentially graphitic materiRight:
XPL image dfIRC123&howing general mineralogical and textural characteristics

Sample: MRC1239

Rock type Schistosehlorite-muscovite pelite

Mineralogical constituents Silicate phases: quartmuscovite chlorite Nonsilicate phases;
siderite,pyrite, carbonaceous material, opaque phases
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Mineralogical and textural Multiple phases of deformation defined by foliation and foldin
characteristics with foliation-parallel and oblique quartz domino boudinage
Quartz porphyralasts/boudinsare composed of very fine
granoblastic and or fractured quartz graindnduloseextinction
in larger quartz grainsOccasional strain shadows$
chlorite/mica mineralsassociated with quartz
porphyrcclasts/boudins Chloritic area has a blue tinge in XPL
but is green in PPL.

Nature of constituent graphite| Carbonrich material intergrown with quartzNo more than 20
pm diameter.

Additional comments N/A

Figure38. Hand sample of
MRC1239

Figure39. Left: PPL image ®MRC1239 Right: XPL image MRC123%howing general
mineralogical and textural characteristics
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Figure40. SEMBSE image of MRC1239. Left: Whole section scan with focus areas highlighted. Middle row top: BSE image showing cont
phases, note that resin and graphite appear the same. Middle row centre: Geochemical map highlighting composition dfptifiseen Middle
row bottom: Geochemical map highlighting apatite andsk#ide against resin and graphitic material. Top right: BSE image showing contrast
phases including black graphitic material. Middle row right: Geochemical map highlighting ¢oompafsdifferent phases. Ap = apatite; Ms =
muscovite; Chl = chlorite; Qz = quartz; Sd = siderite.
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Sample: MRC1240

Rock type Schistosesemipelitecum-pelite.

Mineralogical constituents Silicate phases: quartmuscovite chlorite potentially albite
Nonsilicate phasederroan dolomite, siderite, pyrite,
carbonaceous material, opaque phases

Mineralogical and textural Multi-phases deformationSubhorizontal separate quartz and
characteristics mica domain crenulation cleavage (WNEME) Mica'fish'
development insub-horizontal cleavage with dextral sense of
shear Qrenulation cleavage developed and perhaps affected
grain growth of mica/chlorite along the 'ghost folds' of the
crenulations Furtherfoliation perhaps recognisable along 'folq
hinges of crenulations Quartz recrystakiation common with
areas of very fine grain quartz withequigranulaigranoblastic
texture. Undubse extinction in quartzClusters of larger quartz
grains form porphyrolastlike features with fine quartmica
carbonaceous material in strain shadows
Ankerite/siderite/ferroan dolomite tends to follow
cleavage/crenulation cleavage planes.

Nature of constituent graphite| Not analysed on SEM

Additional comments Potential microrscale graphitic material showing as opaque,
non-sulfideor oxide phases Only visible by SEM analysis.

Figure4l. Qut hand sample of
MRC1240 Tick mark was to
show surface for thin section
preparation.

Figure42. Left: PPL image &MRC1240 Right: XPL image bfRC124&howing general
mineralogical and textural characteristics

Sample: MRC1241

Rock type Schistosealcareousemipelite
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Mineralogicakonstituents Silicate phases: quartmuscovite Nonsilicate phases:
carbonate phase dolomitgyrite, carbonaceous material,
opague phases

Mineralogical and textural Syndeformation of original semipelitic sedimenEvidence of
characteristics sub-horizontal foliation (crenulation?) and development of
ferroan dolomite and quartz porphyroclasts with occasional
mica/carbonaceous strain shadow&€arbonate (ferroan
dolomite?) porphyroclasts contain quartz inclusions which
F2tft29 aiAyAadNrf &aKSIFNJ RANB
places Calcite/sideritequartz veining sulvertical across
sample, but with avaryingrelationship to thehostrock

Perhaps the veining was sgeformaton as it shows stepke
tendencies in placesPerhaps thiveining is more of a result of
subtle crenulation fabric.

Nature of constituent graphite| Not analysed on SEM

Additional comments Potential microrscale graphitic material showing as opaque,
non-sulfide or oxidephases Only visible by SEM analysis.

Figure43. Qut hand sample of
MRC1241.

Figured44. Left: PPL image &MRC1241 Central: XPL image MRC124Xkhowing general
mineralogical and textural characteristicReflected light (RL) image MRC124highlighting
pyrite mineralisation.

Sample: MRC1242
Rock type Porphyroclastich chlorite-albite-muscovitephyllonite.
Mineralogicakonstituents Silicate phases: quartalbite, muscovite, chlorite Non-silicate

phases:siderite, Fesulfide carbonaceous materialioxide
(FeTi oxides)
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Mineralogical and textural Multi-phase deformation Sulkhorizontal separate quartz and
characteristics mica domain crenulation cleavagt Q SEG Sy airzy
developed with crenulation cleavage prevale®orphyroclasts
predominantly albite with
chlorite/muscovite/carbonaceous/recrystallised quartz strain
shadows and stair stepping winged mantled clasts (perhaps
sigma and delta type)Boudinaged quartz oblique to foliation
Quartz recrystakiation common with areas of very fine grain
quartz withinequigranulagranoblastic texture Larger quartz
may have weak undulose extinctioAnkerite (ferroan
dolomite) in some areas as weicrosscutting fabric.

Nature of constituent graphite| Carbonrich material commonly intergrown with muscovite
and/or quartz Typically follows EN®SW muscovite/chlorite
foliation. Up to 100um along Gaxis but typically suB0 um.
Opagque in all forms of microscopy.

Additional comments N/A

Figure45. Qut hand sample of
MRC1242 Yellow marking is
from chalk/pen.

Figure46. Left: PPL image &MRC1242 Potential white balance issue causing overly green tin
to the image. Central: XPL image MRC124Zhowing general mineralogical and textural
characteristics.Reflected light (RL) image MR C1242ighlighting pyrite and Toxide
mineralisation.
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