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SUMMARY

The Hylogger, XRD, XRF, SEM/EDS and optical petrology were used to determine
the mineralogy of 20 samples of Tasmanian igneous rocks. Most of these give
reasonably consistent results between the methods, though there are some
discrepancies, perhaps due to the fine grained and highly altered nature of some of
the rocks. No single method seems capable of giving the full mineralogy of most of
these samples without supportive studies. Many samples were found to have

significantly different lithologies to their provided names.

INTRODUCTION & BACKGROUND

The Hylogger IR spectroscopic analyses of drillcore being conducted by various
Geological Surveys in Australia routinely return analyses indicating various minerals
that often cannot be readily confirmed in the hand specimens, and require XRD (X-

ray diffraction) or other methods for confirmation.

The objective of this study was to confirm the mineralogy of some samples of
Tasmanian igneous rocks, mostly from the Cambrian Mt Read Volcanics, by XRD,
XRF and by microscopic petrology, to validate Hylogger results, particularly for

phyllosilicates.

SAMPLES

The details of the samples submitted are given in Table 1 below (but note their
original descriptions are inaccurate in many cases). They are sub-sampled from
rocks collected over many years by MRT geologists and stored in the MRT
corestore in Mornington. About half are from the Mid-Cambrian Mt Read volcanic
sequences, part of the MRVP subset of the TIGER samples and geochemistry
database.
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Table 1: Sample details

MRL:eg. IT\IA(;L Location Description supplied

R010760 RAL1 | Pyengana Granodiorite (dolerite)

G401107 RAL2 | Pieman Rd Lava (dacite)

R010856 RAL3 | Medeas Cove, St Helens | Granite

G401102 RAL4 | Murchison Dam Rd Granodiorite

G401103 RAL5 | Murchison Dam Rd Granodiorite

G401082 RAL6 | Bradshaws Rd Phyric volcanic (andesite)

G401054 RAL7 | Anthony road Phyric volcanic (andesite)

G401057 RAL8 | Murchison Dam Rd Phyric volcanic (rhyolite)

R010754 RAL9 | Hogans Road Gabbro

G401398 | RAL10 | Beulah: Dasher River Volcanic rock (basalt)

G401085 | RAL11 | Bradshaws Rd Autobr(_ecciated, phyric andesitic-rock
(andesite)

G401339 | RAL12 | Murchison Hwy Gabbro

G401388 | RAL13 | Mt Aghew Adamellite

G401340 | RAL14 | Savage River Rd Granite

G401069 | RAL15 | Bradshaws Rd Porph.yritic, spherulitic volcanic
(rhyolite)

R005508 | RAL16 | Llewellyn Hawaiite (basalt)

G401010 | RAL17 | Murchison Hwy Amygdaloidal, phyric volcanic (dacite)

G401016 | RAL18 | Elliott Bay Phyric, schistose volcanic (dacite)

R004131 | RAL19 | E of St Columba Hotel Granodiorite

R004475 | RAL20 | Haleys New Country Diorite

SAMPLE TREATMENT

The samples were prepared, and analysed in the MRT Hylogger laboratories,

Mornington, Tasmania. They were run using Short-wave IR spectrometers and
Thermal IR, using various methods including dCLST and sTSAT (Table 2).

They were also analysed by XRD and XRF methods, plus examination by Optical

(polarised light) petrography in the MRT laboratories, Rosny. Thin and polished

sections were prepared in both the MRT and University of Tasmania - Sandy Bay

Geology laboratories. SEM/EDS analyses were conducted on the polished samples

at the CSL Laboratories, University of Tasmania, Sandy Bay. The data was all

combined into the MINSQ program to refine the mineralogical interpretations

(Herrmann and Berry, 2002).
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SAMPLE DESCRIPTION & PETROLOGY

The samples were all described in hand specimen and in cross and plane-polarised
transmitted light. Many samples were renamed differently to the original
descriptions based on their petrology, and also their chemistry. The images are
shown in Figures 1-21 (showing mixed normal and transmitted polarised light

images).
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Fig. 1 Hand specimens. FOV ~600 mm.
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R010760 RAL1 Pyengana Granodiorite
The rock is a medium grained, dark grey igneous rock in hand specimen; it is a

weakly altered, clinopyroxene bearing hornblende+biotite rich granodiorite.

2d
Fig. 2a-d. R010760 RAL1 Pyengana Hornblende-Biotite granodiorite

(Images in both incident and polarised light).
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G401107 RAL2 Pieman Rd Dacite

The rock is a fine grained, mottled pink and grey volcanic rock in hand specimen,;
it is a very highly altered (sericite-kaolinite-chlorite), quartz and feldspar-phyric
dacite.

Fig. 3a-c. G401107 RAL2 Pieman Rd Plagioclase-phyric dacite
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R010856 RAL3 Medeas Cove, St Helens Granite
This rock is a medium grained, equigranular mottled pink/white/black granitic rock:

a hematite-altered, microcline-biotite monzogranite.

4c
Fig. 4a-c. R0O10856 RAL3 Medeas Cove, St Helens Microcline Granite
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G401102 RAL4 Murchison Dam Rd Monzogranite
This rock is an equigranular, mottled red/white/black granitic rock. It is a highly

altered (sericite-chlorite), granophyric, biotite micro-monzogranite.

5d
Fig. 5a-d. G401102 RAL4 Murchison Dam Rd Biotite monzogranite
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G401103 RALS5 Murchison Dam Rd Monzogranite

This rock is a mottled pink/white/black granitic rock. It is an altered (chlorite)

hornblende-biotite micro-monzogranite.

Fig. 6a-d. G401103 RAL5 Murchison Dam Rd Hornblende-biotite
microgranodiorite
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G401082 RALG6 Bradshaws Rd Dacite
The rock is a fine grained, mottled pink and grey volcanic rock in hand specimen,;
it is a sheared and very highly altered (sericite-kaolinite-chlorite), finely quartz and

feldspar-phyric dacite.

Fig. 7. G401082 RAL6 Bradshaws Rd Altered dacite
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G401054 RAL7 Anthony road Rhyodacite

The rock is a fine grained, mottled pink and grey volcanic rock in hand specimen,;
it is a very highly altered (kaolinite-chlorite), coarsely quartz and feldspar-phyric
rhyodacite.

Fig. 8a-c. G401054 RAL7 Anthony road, Altered quartz-feldspar phyric
rhyodacite
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G401057 RAL8 Murchison Dam Rd Dacite
The rock is a fine grained, mottled pink and grey volcanic rock in hand specimen,;

it is a very highly altered (sericite-chlorite), weakly quartz and feldspar-phyric

dacite.

Fig. 9a-d. G401057 RALS8 Murchison Dam Rd Altered quartz-feldspar phyric
dacite.
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R010754 RAL9 Hogans Road Tonalite

This rock is a mottled, coarse grey/black gabbroic rock. It is an altered (chlorite-

prehnite- sericite), equigranular hornblende-biotite Tonalite

10b

10d
Fig. 10a-d. R010754 RAL9 Hogans Road Altered Tonalite
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G401398 RAL10 Beulah: Dasher River Andesitic rock
This rock is a white-spotted, fine grained black volcanic rock. It is a highly altered

(chlorite-epidote-sericite) hornblende-biotite-feldspar phyric andesite/plagidacite.

11b

11d
Fig. 11a-d. G401398 RAL10. Beulah: Dasher River. Hornblende

andesite/plagidacite
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G401085 RAL11 Bradshaws Rd Andesitic-rock
This rock is a grey-white-mottled, fine grained black volcanic rock. It is an altered

(chlorite-epidote-sericite), autobrecciated, hornblende-clinopyroxene-plagioclase

phyric andesite/plagidacite.

*312¢
Fig. 12a-c G401085 RAL11 Bradshaws Rd Autobrecciated, phyric
andesitic-rock (andesite) Hornblende andesite/plagidacite
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G401339 RAL12 Murchison Hwy  Gabbro
This rock is a mottled, coarse white/black gabbroic rock. It is an altered (chlorite-

prehnite-hydrogrossular- sericite), equigranular hornblende-biotite Gabbro.

- 13c
Fig. 13a-c. G401339 RAL12 Murchison Hwy Altered hornblende
Gabbro
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G401388 RAL13 Mt Agnew  Microgranodiorite
This rock is a mottled, fine-medium white/pink/black granitic rock. It is a weakly

altered (chlorite-kaolinite-smectite), granophyric Microgranodiorite

l4c

Fig 14a-c. G401388 RAL13 Mt Agnew  Microgranodiorite
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G401340 RAL14 Savage River Rd Granite
This rock is a mottled, fine-medium grained white/ black granitic rock. It is a

weakly altered (chlorite-epidote-sericite), equigranular Micro-monzogranite.

Fig. 15a-c. G401340 RAL14 Savage River Rd  Micro-monzogranite
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G401069 RAL15 Bradshaws Rd Rhyodacite
This rock is a red-black-white-mottled, fine-coarse-grained volcanic rock. It is an

altered (chlorite-epidote-sericite) feldspar-phyric Rhyodacite.

%
Fig. 16a-d. G401069 RAL15 Bradshaws Rd Porphyritic Rhyodacite

LIN2019-105 JM Laboratory Report 18



Mineral Resources Tasmania

R0O05508 RAL16 Llewellyn  Basanite
This rock is a black, fine-grained volcanic rock. It is an unaltered olivine,

clinopyroxene and orthopyroxene-phyric Basanite with fine grained patches of

Fig. 17. RO05508 RAL16 Llewellyn Glassy, olivine-pyroxene-phyric

basanite with patches of nepheline.
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G401010 RAL17 Murchison Hwy  Rhyolite
This rock is a pale greenish, iron stained and veined, fine-grained volcanic rock. It

is an altered (kaolinite-sericite) aphyric Rhyolite, with quartz-filled amygdales.

Fig. 18a-c. G401010 RAL17 Murchison Hwy Altered amygdular
Rhyolite
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G401016 RAL18 Elliot Bay Rhyolite

This rock is a grey-mottled, fine-grained volcanic rock. It is an altered (chlorite-

epidote-sericite) quartz and feldspar-phyric Rhyolite.

19c
Fig. 19a-c. G401016 RAL18 Elliot Bay Phyric, schistose, atered
Rhyolite
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R004131 RAL19 E of St Columba Hotel  Granite
This rock is a black and white mottled, coarse-grained granitic rock. It is a weakly

altered (chlorite- sericite), equigranular, hornblende Micro-monzogranite
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Fig. 20. R004131 RAL19. E of St Columba Hotel. Hornblende granodiorite.
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R004475 RAL20 Haleys New Country Diorite
This rock is a black and white mottled, medium-coarse-grained granitic rock. Itis a
weakly altered (chlorite- kaolinite), weakly feldspar-phyritic, hornblende-biotite

Microdiorite, with quartz clots.

Fig. 21. R004475 RAL20 Haleys New Country Biotite Microdiorite.

SEM/EDAX ANALYSES

The samples were subsampled, with representative polished blocks or polished thin
sections prepared, and these were analysed by SEM-EDS, CSL, at the University of
Tasmania. This data was used to confirm the mineralogy and also to use average
mineral compositions in the MINSQ program. Summaries of this data is provided in
Appendix 4 & 5.
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XRF

Subsamples of all these samples were all crushed, milled and analysed for major
elements on a fused disc, in a Bruker ASX58 XRF (X-ray fluorescence
spectrometer), with proprietary Bruker software and a series of commercial

standards. The results are shown in Appendix 2.

XRD

The samples were prepared, examined and analysed in the MRT laboratories,
Rosny Park, Tasmania. They were run on a Rigaku Miniflex 600 X-Ray
Diffractometer system: a 600W generator 150mm goniometer with a Cu tube;
40kV/15mA, sample spinner and a Scintillation counter (SC) with Be window, -3o to
1450 2@ scanning range and 2o - 1450 2 measuring range, with a scanning speed
of 0.01 to 1000/min, a graphite counter monochromator and a K3 Ni- filter. The

analysis software used is the PDXL2 using the ICCD database.

The results are shown in Appendix 1. The minerals are generally put into groups or
subgroups in this report, eg. biotite, chlorites, amphiboles, clinopyroxenes, etc,

rather than listing precise species, to aid comparisons between methods.

NDIR

The carbon and sulphur contents of these samples were determined by Non-
dispersive infrared (NDIR) analysis using a Bruker G4 Icarus analyser, in the MRT

laboratories, Rosny Park.

The results have been included in Appendix 3.
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MINSQ

SEM/EDS, XRF, XRD and Petrological data were all combined into the MINSQ
program to refine the mineralogical results, using a least-squares refinement
process (Herrmann and Berry, 2002). This data is shown in Table 2, with

summarised XRD and petrological results, plus some Hylogger summaries for

comparison.

Table 2: summarised Results

R010760 RAL1 Pyengana Hornblende Biotite granodiorite
TEStTYPE | Wwin | vows | doLST | ToAT | Now | MinSQ
Quartz 28 20 30 5 17.5
K- spar 6 5 2 4
Plagioclase 29 22 22 7 35
Biotite 15 20 8 10
Titanite 3 1
Chlorite 2 2 33 5 55
Calcite 0.5
Epidote
Apatite <1 3 0.5
Opagques
Amphiboles 16 20 13 5 19
Clinopyroxenes 5 5 3
Pyrite <1
Prehnite
White mica 5 2 3 4
Kaolinite 2
Zeolite 2
Total 101 101 100 43 100
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G401107 RAL2 Pieman Rd Altered dacite
TeStTYPE | Wioo | vome | doLST | STSAT | Now | MnSQ
Quartz 55 40 38 5 35
K- spar 4
Plagioclase 27 30 26 7 25
Biotite 2
Titanite 0.2
Chlorite 7 10 10 12 5
Calcite 15
Epidote 1
Apatite
Opaques 1 3
Amphiboles
Clinopyroxenes
Pyrite <1
Prehnite
White mica 10 15 26 10 17
Kaolinite 1 1 19
Total 99 101 100 38 109
R010856 RAL3 Medeas Cove, St Helens Microcline monzogranite
TestType | Wi | Vo | oOLST | STSAT | nop | MISQ
Quartz 61 40 55 7 38
K- spar 23 35 41 4 36.0
Plagioclase 15 15 5 6 25.0
Biotite <1 2 0.5
Titanite 0.0
Chlorite 2 10 0.6
Calcite
Epidote <1
Apatite <1
Opaques <1 1
Amphiboles
Pyrite 1
Prehnite
White mica 5
Kaolinite 1
Total 99 100 101 29 100
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G401102 RAL4 Murchison Dam Rd Altered micro-monzogranite
TeStTYP | Wiop | voms | dCLoT | STSAT | now | MInSQ
Quartz 36 25 27 2 18
K- spar 17 28 25 3 19
Plagioclase 22 25 15 5 24
Biotite 2
Titanite 1
Chlorite 5 10 17 17 17
Calcite 0.8
Epidote 7 1 5
Apatite 0.5
Opaques 5 1.5
Amphiboles 8 11 2
Pyrite 1
Prehnite
White mica 6 10 16 3 12
Total 101 102 100 47 99.8
G401103 RAL5 Murchison Dam Rd Chloritised microgranodiorite
TestTyPe | wion | voo | doLeT | oTSAT | no# | MInSQ
Quartz 29 10 21 3 12
K- spar 19 20 10 10
Plagioclase 41 35 52 10 50
Biotite 2 2 13 2
Titanite 1 4 0.3
Chlorite 8 10 27 11 13
Calcite
Epidote 2
Apatite <1 3
Opagques <1 9
Amphiboles 15
Clinopyroxenes
Orthopyroxene
Pyrite <1
Prehnite
White mica <1
Kaolinite 2
Zeolite
Smectite
Total 99 102 100 63 98
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G401082 RAL6 Bradshaws Rd Altered dacite
restype | 0 | o, | TS | Mg | SEH | winso
Quartz 61 20 46 7 42
K- spar
Plagioclase 8 25 9 8
Biotite 5
Titanite
Chlorite 5 10 7 6
Calcite
Epidote
Apatite
Opaques 2 2
Amphiboles
Clinopyroxenes 8
Pyrite <1
Prehnite
White mica 10 20 41 10 24
Kaolinite 8 15 13 1 17
Smectite 5
Total | 100 100 100 36 99
G401054 RAL7 Anthony road Altered rhyodacite
estType | 3D | | s | Henger | SR | winsa
Quartz 54 20 45 2 28
K- spar 30 2 14
Plagioclase 12 20 12 4 19
Biotite 3 6
Titanite 7
Chlorite 27 10 28 10 13
Calcite 0.5
Epidote 5 5 7
Apatite <1 0.5
Opaques 3 2 2
Amphiboles
Clinopyroxenes 4
Orthopyroxene
Olivine
Pyrite <1 0.5
Prehnite
White mica 1 5 14
Kaolinite
Total | 101 100 99 38 99
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G401057 RAL8 Murchison Dam Rd Altered dacite
TestType | Uioe | vome | doLeT | oTSAT | Now | MInSQ
Quartz 62 40 51 7 45
K- spar <1
Plagioclase 20 30 29 8 29
Biotite 0
Titanite
Chlorite 8 2 6 8 5
Calcite
Epidote
Apatite
Opaques
Amphiboles
Clinopyroxenes
Orthopyroxene
Pyrite
Prehnite
White mica 9 30 14 9 18
Kaolinite 1
Total 99 102 100 32 98
R010754 RAL9 Hogans Road Altered Tonalite
TestType | Uoe | vome | doLoT | oTOAT | No# | MInSQ
Quartz 7 15 17 4 9
K- spar 5 2 2
Plagioclase 10 15 8 6
Biotite 10 4 8
Titanite 1
Chlorite 3 10 26 5 16
Calcite 0.5
Epidote 1 6
Apatite <1 0.5
Opaques <1
Amphiboles 58 25 49 12 38
Clinopyroxenes
Orthopyroxene
Olivine
Pyrite <1 1
Prehnite 10 10
White mica 21 10 8 4
Total 99 101 100 41 100
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G401398 RAL10 Beulah: Dasher River: Hornblende
andesite/plagidacite
TestTYPe | Wi | voms | oSt | ToAT | No# | MinSQ
Quartz 36 10 41 9 20
K- spar 6 10 11 2
Plagioclase 8 30 7 18
Biotite 3 8
Titanite 4 0.5
Chlorite 4 2 14 5 9
Calcite 0.5
Epidote 15 15 9 10
Apatite 2 0.5
Opaques <1 1
Amphiboles 20 20 38 12 18
Clinopyroxenes
Pyrite <1 2 0.5
Prehnite
White mica 12 15 7 9
Kaolinite 1 0.5
Zeolite
Garnet
Smectite
Total | 101 102 100 68 98
G401339 RAL12 Murchison Hwy  Altered Hornblende Gabbro
TestTyPe | wion | voww | doLer | oTSAT | Now | MInSQ
Quartz
K- spar
Plagioclase 18 25 22 23 21 30
Biotite
Titanite
Chlorite 8 10 29 28 12 8
Calcite <1
Epidote 20 4
Apatite <1
Opaques <1
Amphiboles 14 15 9 15 26
Clinopyroxenes 40 25 16 48 8 18
Pyrite <1
Prehnite 11 2 2
White mica 10 2 23 7 10
Kaolinite 1
Garnet 2 2 5
Total | 101 102 99 99 69 99
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G401085 RAL11 Bradshaws Rd;
restype | 0 | o, | TS | Mg | SEH | winso
Quartz 37 10 35 53.4 9 19
K- spar 8 30 20 16
Plagioclase 15 10 24.7 4 31
Biotite
Titanite 7 1
Chlorite 11 23 22 27 9
Calcite 2
Epidote 10 10 12 6 8
Apatite <1 10
Opaques <1
Amphiboles 4 15 0 10
Clinopyroxenes 14 5 12 8
Orthopyroxene
Olivine
Pyrite <1
Prehnite 2
White mica 10 11 10
Glass
Serpentine
Kaolinite
Total 99 100 101 100 91 98
G401388 RAL13 Mt Agnew  Microgranodiorite
TestType | Ut | voms | doLoT | STSAT | Nop | MInSQ
Quartz 53 30 50 49 2 35
K- spar 18 30 26 19 10 34
Plagioclase 25 30 24 32 13 32
Biotite <1 2
Titanite
Chlorite <1 2 33 1
Calcite
Epidote
Apatite <1
Opaques <1 5
Amphiboles
Clinopyroxenes
Orthopyroxene
Pyrite <1
Prehnite
White mica
Kaolinite 2
Smectite
Total 99 100 100 100 67 102
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G401340 RAL14 Savage River Rd Micro-monzogranite
restType | S | e | e | emer | SEM | wnso
Quartz 52 25 44 39 3 32
K- spar 23 25 27 61 8 32
Plagioclase 18 20 19 7 24
Biotite 8
Titanite 1 1
Chlorite 4 2 10 12
Calcite
Epidote 3 15 2
Apatite <1 5
Opaques <1 1 0.4
Amphiboles
Clinopyroxenes
Pyrite <1
Prehnite
White mica 3 5 2 5
Kaolinite
Smectite
Total 100 98 100 100 54 100
G401069 RAL15 Bradshaws Rd Rhyodacite
XRD Pet Hylogger | Hylogger SEM MinSQ
Test Type Wit% Vol% dCLST STSAT No#
Quartz | 59 30 46 51 1 30
K-spar | 12 35 20 0 7 24
Plagioclase 17 15 19 28 7 31
Biotite
Titanite
Chlorite S 5 7 7
Calcite
Epidote 3 2 6 4
Apatite <1
Opaques 2
Amphiboles
Clinopyroxenes
Pyrite <1
Prehnite 2
White mica 5 10 9 9 3
Serpentine 21
Kaolinite
Total 101 101 101 100 41 99
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R005508 RAL16 Llewellyn  Basanite
restype | | o, | "o | e | B | wnso
Quartz 2
K- spar 2
Plagioclase
Biotite
Titanite
Chlorite
Calcite 1 0.5
Epidote
Apatite 4 2 17 3.5
Opaques 12 10 24 7.5
Amphiboles
Clinopyroxenes 50 40 15 16 25
Orthopyroxene 5 8
Olivine 15 20 42 35 10 17.5
White mica <1 43 40
Glass 12 14 30
Kaolinite
Smectite 1 10 1
Nepheline 14 10 13 7.5
Topaz 25
Pyrrhotite 1
Total 99 101 100 100 105 101
G401010 RAL17 Murchison Hwy  Altered Rhyolite
XRD Pet Hylogger | Hylogger | SEM MinSQ
Test Type Wit% Vol% dCLST STSAT No#
Quartz 64 42 58 56 20 48
K- spar 1 20 20 25 10
Plagioclase 7 6
Biotite
Titanite
Chlorite 5 3
Calcite 1
Epidote
Apatite <1
Opaques <1 2
Amphiboles | <1
Clinopyroxenes 2
Pyrite <1
White mica 13 10 32 24 21
Kaolinite 8 3 10 4 13
Smectite 4 6 33
Total 99 101 100 100 87 99
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Altered Hornblende

G401016 RAL18 Elliot Bay Altered Rhyolite
restType | S | e | "ol | et | SEM | s
Quartz 52 20 46 43 4 35
K- spar 13 28 36 5 31
Plagioclase 3 10 30 3 5
Biotite 9
Titanite 10
Chlorite 1 22 3 6
Calcite
Epidote 2 5
Apatite <1 1
Opaques <1 3
Amphiboles
Pyrite 2
White mica 30 28 19 6 21
Kaolinite
Zeolite
Smectite
Total 99 99 101 95 49 98
R004131 RAL19 E of St Columba Hotel
granodiorite
estTyne | R | o, | " | tenmer | SR | mnse
Quartz 25 15 37 35 3 18
K- spar 5 10 17 10
Plagioclase 18 28 23 30 21 23
Biotite 10
Titanite
Chlorite 1 10 21 1
Calcite
Epidote 1
Apatite 3 <1 2
Opaques <1
Amphiboles 36 25 13 35 9 39
Pyrite <1
Prehnite 9
White mica 7 12 9
Smectite 1
Total 99 102 101 100 84 100
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R004475 RAL20 Haleys New Country Biotite Microdiorite
restype | S | Ve | "ol | e | S| winsc
Quartz 49 30 60 53.4 4 31
K- spar 2 2 1 2.5
Plagioclase 30 30 19 24.7 14 34
Biotite 15 25 14 20
Titanite 1 3 0.8
Chlorite 2 22 6 15
Calcite 1 4 1.8
Epidote 1 1 0.5
Apatite 1 0.5
Opaques <1 2 1
Amphiboles 2 8 22
Pyrite <1
White mica <1
Kaolinite 2 1 55
Zeolite
Smectite
Total | 100 102 101 100 49 103
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SUMMARY AND DISCUSSION

The XRD, petrography and geochemistry were combined to give the lithological

names shown in Table 3.

Table 3: Summary of rocktypes (combined info from XRD, XRF and petrology)

MRLOReg. 'T\QL Location Original Description Revised Rock name
R010760 | RAL1 | Pyengana Granodiorite (dolerite) Hornblc_ande Biotite
granodiorite
G401107 | RAL2 | Pieman Rd Lava (dacite) Altered dacite
R010856 | RAL3 Medeas Cove, Granite Microcline monzogranite
St Helens
G401102 | RAL4 |\R/|(ljJI‘ChISOI’1 Dam Granodiorite Altered micro-monzogranite
G401103 | RALS5 |\R/|(ljJI‘ChISOI’1 Dam Granodiorite Chloritised microgranodiorite
G401082 | RAL6 | Bradshaws Rd Phyric volcanic (andesite) | Altered dacite
G401054 | RAL7 | Anthony road Phyric volcanic (andesite) | Altered rhyodacite
G401057 | RALS8 I\R/l(lj.ll‘ChISOH Dam Phyric volcanic (rhyolite) Altered dacite
R010754 | RAL9 | Hogans Road Gabbro Altered Tonalite
G401398 | RAL10 | Beulah:Dasher |, o nic rock (basalt) Homblende
River andesite/plagidacite
G401085 | RAL11 | Bradshaws Rd Autobre_cmated, phyrlt_: Hornb!ende o
andesitic-rock (andesite) andesite/plagidacite
G401339 | RAL12 | Murchison Hwy | Gabbro Altered Hornblende Gabbro
G401388 | RAL13 | Mt Agnew Adamellite Microgranodiorite
G401340 | RAL14 gzvage River Granite Micro-monzogranite
G401069 | RAL15 | Bradshaws Rd | ForPhyritic, spherulitic Rhyodacite
volcanic (rhyolite)
R005508 | RAL16 | Llewellyn Hawaiite (basalt) Basanite
G401010 | RAL17 | Murchison Hwy | Amygdaloidal, phyric Altered Rhyolite
volcanic (dacite)
G401016 | RAL18 | Elliot Bay (F;g{ri'tce')s"h'smse voleanic | ajiored Rhyolite
R004131 | RAL19 E of St Columba Granodiorite Altered' Hprnblende
Hotel granodiorite
R004475 | RAL20 | Haleys New Diorite Biotite Microdiorite
Country

The XRD, XRF and Petrological results generally confirm the presence of many of

the minerals indicated by the Hylogger/IR methods. There are some significant

misidentifications or misses in the Hylogger results. The Hylogger results shown in

Table 2 are classified here as:

LIN2019-105 JM Laboratory Report

36




Mineral Resources Tasmania

Very Good: Three or more main minerals identified, no major

misidentifications.

Good: Two or more main minerals identified, no major misidentifications.

Fair: Two main minerals confirmed, some misidentified; some subordinates

detected correctly.

Poor: One main phase confirmed, some subordinates detected correctly;

misidentifications.

Very poor: No phases detected correctly.

The results thus vary from very good to poor; most are good.

Table 4: Summary of STSAT accuracy

MRT Reg. RAL STSAT (ST —
No. No. accuracy
R010760 RAL1 Good High chlorite, missed biotite
G401107 RALZ2 Good Missed kaolinite
R010856 RAL3 Very good
G401102 RAL4 Very good
G401103 RALS Good Missed Kspar
G401082 RAL6 Very good Missed plagioclase
G401054 RAL7 Good Missed Kspar, high mica
G401057 RAL8 Very good
R010754 RAL9 Very good Missed prehnite
G401398 RAL10 Good Missed epidote, plagioclase
G401085 RAL11 Good Missed amphibole, pyroxenes
G401339 RAL12 Good Missed amphiboles, micas
G401388 RAL13 Very good
G401340 RAL14 Good Missed plagioclase
G401069 RAL15 Fair Missed Kspar, mica; misidentified Antigorite
ROO5508 RAL16 Poor {\(/I)Ls;zed pyroxenes, nepheline, glass, misidentified mica,
G401010 RAL17 Very good Missed kaolinite
G401016 RAL18 Poor Missed Kspar, mica; High in Plagioclase, Chlorite
R004131 RAL19 Very good Missed Kspar, mica
R004475 RAL20 Good Missed biotite, High chlorite

Notable results and possible issues include that:

1. In several samples abundant feldspars are often missed by Hylogger, usually

when both are present in large quantity.
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2. Inseveral samples abundant white micas are often missed by Hylogger, usually

when both are present in large quantity.

3. In several samples high chlorite was reported by Hylogger, but only small

amounts were found by XRD and petrology.

4. Inone sample topaz and mica were incorrectly reported by Hylogger, rather than

basaltic glass, nepheline and two pyroxenes.

5. The Hylogger incorrectly reported antigorite in one sample.

Each analytical method used has some advantages and drawbacks, eg.:
1. Optical petrography struggles to identify very fine grained feldspars.
2. XRD struggles to distinguish biotite from muscovite and phengite.

3. SEM studies tend to be subjective and over-influenced by unusual phases,

especially with high mean atomic number.

4. MINSQ can be very subjective, eg. if several Ca-Al phases are present there

can be a large range of potential mineral assemblages that may fit.

5. There may be some heterogeneity in some samples, meaning the mineralogy
of some thin and polished sections may not necessarily match exactly with

samples used in the other analyses.

REFERENCES

W. Herrmann & R.F. Berry (2002). MINSQ - a Least Squares spreadsheet method for calculating
mineral proportions from whole rock major element analyses. Centre for Ore Deposit Research
University of Tasmania.
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R.S. Bottrill L Unwin & T Coyte
MINERALOGIST/PETROLOGIST TECHNICAL OFFICERS
Disclaimers

While every care has been taken in the preparation of this report, no warranty is given as to the
correctness of the information and no liability is accepted for any statement or opinion or for any error
or omission. No reader should act or fail to act on the basis of any material contained herein. Readers
should consult professional advisers. As a result the Crown in Right of the State of Tasmania and its
employees, contractors and agents expressly disclaim all and any liability (including all liability from or
attributable to any negligent or wrongful act or omission) to any persons whatsoever in respect of
anything done or omitted to be done by any such person in reliance whether in whole or in part upon
any of the material in this report. The MRT laboratories are not NATA registered but work to similar
standards.

This and other data collected in MRT laboratories may enter the MRT databases but every attempt
will be made to ensure it remains closed file and not be available externally, unless at your request.
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Appendix 1: XRD Analysis Report
Client: J Moltzen

Sample Source: Tasmania

MRT Job Number: LIN2019-105

Analysis: Approximate Mineralogy

Methods: X-Ray Diffraction

Operator: T Coyte

SRR 1D RO10760 | G401107 | RO010856 | G401102 | G401103 | G401082 | G401054

RAL No. RAL1 RAL2 RAL3 RAL4 RALS5 RAL6 RAL7

Ueelt Ty XRD Wt% | XRD Wt% | XRDWt% | XRD Wt% | XRD Wt% | XRD Wt% | XRD Wt%

e 28 55 61 36 29 61 54

e SpprEr 6 23 17 19

Plagioclase 29 27 15 22 41 8 12

Biotite 15 <1 3

Chlorite 2 7 5 5 27

Epidote

Apatite

Amphiboles 16 8

Clinopyroxene 5 8 4

Orthopyroxene

Sericite/muscovite 10 6 10 1

Kaolinite 8

il 101 99 99 101 99 100 101

Sample ID G401057 | RO010754 | G401398 | G401085 | G401339 | (401388 | G401340

RAL No. RALS RAL9 RAL10 RAL11 RAL12 RAL13 RAL14

Test Type XRD Wt% | XRDWt% | XRDWit% | XRD Wt% | XRD Wt% | XRD Wt% | XRD Wt%

Quartz 62 7 36 37 53 52

K- spar <1 6 8 18 23

Plagioclase 20 10 15 18 25 18

Biotite <1

Titanite

Chlorite 8 3 4 11 8 <1 4

Epidote 15 10

Apatite

Amphiboles 58 20 4 14

Clinopyroxene 14 40

Prehnite 11

Sericite/muscovite 9 21 12 10 3

Kaolinite 2

Smectites

Total 99 99 101 99 101 99 100
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Sample 1D G401069 R005508 G401010 G401016 R004131 R004475

RAL No. RAL15 RAL16 RAL17 RAL18 RAL19 RAL20

Test Type XRD Wt% | XRD Wt% | XRD Wt% | XRD Wt% | XRD Wt% | XRD Wit%

Quartz 59 2 64 52 25 49

K- spar 12 2 13 5 2

Plagioclase 17 7 3 18 30

Biotite 10 15

Titanite

Chlorite 5 1 1

Calcite

Epidote 3

Apatite 4 3

Opaques 12

Amphiboles <1 36 2

Clinopyroxene 50 2

Orthopyroxene

Olivine 15

Prehnite

Sericite/muscovite 5 13 30

Kaolinite 8 2

Zeolites

Smectites 4 1

Nepheline 14

Total 101 99 99 99 99 100
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Appendix 2: XRF Analysis Report

Client: J Moltzen
Sample Source: Tasmania

MRT Job Number:

LIN2019-105

Analysis: Major element chemistry

Methods: X-Ray Fluorescence

Operator: L Unwin

Reg. # R010760 G401107 R010856 G401102 G401103
RAL No. RAL1 RAL2 RAL3 RAL4 RALS
Rock Hogi]é)tlﬁgde Altered dacite Microcline Altered micro- Chloritised
name granodiorite monzogranite monzogranite microgranodiorite
Si02 % 58.39 68.42 77.3 60.61 62.54
TiO2 % 0.78 0.67 0.05 0.79 0.78
Al203 % 15.03 15.99 12.53 15.77 15.26
Fe203 % 8.17 4.68 0.6 7.22 6.66
MnO % 0.12 0.03 0.01 0.11 0.1
MgO % 4.6 0.84 0.07 2.87 2.89
CaO % 6.58 0.15 0.71 2.97 1.04
Na20 % 2.48 3.62 2.66 2.94 4.89
K20 % 2.38 2.9 5.77 411 3.56
P205 % 0.19 0.13 0.02 0.19 0.19
LOI % 0.94 2.25 0.39 2.05 1.98
TOTAL % 99.67 99.69 100.12 99.63 99.9
Reg. # G401082 G401054 G401057 R010754 G401398
RAL No. RALG6 RAL7 RAL8 RAL9 RAL10
RBES Altered dacite AItereq Altered dacite Altered Tonalite an(;_'ec;ri?et;;alggﬁjac
name rhyodacite ite
Si02 % 65.98 61.96 74.14 50 56.42
TiO2 % 0.61 0.67 0.32 0.56 0.49
Al203 % 17.64 14.96 13.88 12.88 13.88
Fe203 % 5.3 8.73 271 8.41 9.17
MnO % 0.01 0.06 0.02 0.13 0.16
MgO % 1.07 2.88 0.78 12.45 6
CaO % 0.01 2.86 0.05 9.74 6.94
Na20 % 0.89 2.23 3.37 0.96 1.26
K20 % 2.54 3.09 2.54 1.65 2.43
P205 % 0.06 0.14 0.05 0.15 0.23
LOI % 5.68 2.03 1.78 2.38 2.4
TOTAL % 99.78 99.61 99.66 99.31 99.38
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Reg. # G401085 G401339 G401388 G401340 G401069
RAL No. RAL11 RAL12 RAL13 RAL14 RAL15
Hornblende Altered .
r:rgg and_esitc_e/ Hornblende Microgranodiorite mon'\glc::g;?a-\nite Rhyodacite
plagidacite Gabbro
SiO2 % 59.05 49.27 76.38 72.41 69.61
TiO2 % 0.42 0.1 0.13 0.42 0.38
Al203 % 14.33 17.16 12.58 13.71 14.11
Fe203 % 7.09 5.39 1.08 2.43 3.91
MnO % 0.1 0.13 0.02 0.05 0.08
MgO % 4.07 9.22 0.03 0.56 0.6
Ca0 % 7.3 13.11 0.13 1.26 1.82
Na20 % 3.06 1.97 3.46 2.85 3.23
K20 % 1.81 1.06 5.15 5.51 4.5
P205 % 0.2 0.01 0.02 0.13 0.09
LOI % 2.4 2.66 0.87 0.95 1.36
TOTAL % 99.83 100.08 99.84 100.27 99.68
Reg. # R005508 G401010 G401016 R004131 R004475
RAL No. RAL16 RAL17 RAL18 RAL19 RAL20
Altered P~
rfe;nﬁg Basanite Altered Rhyolite Altered Rhyolite Hornblgnde MicBrI(;)(;Iit(;erite
granodiorite
SiO2 % 43.38 73.51 69.66 61.3 64.07
TiO2 % 25 0.29 0.52 0.67 0.83
Al203 % 9.95 13.97 14.19 13.45 15.56
Fe203 % 13.15 3.43 3.31 6.65 6.05
MnO % 0.17 0.01 0.09 0.1 0.1
MgO % 13.58 0.86 1.33 5.15 2.53
CaO % 7.89 0.01 0.85 6.34 5.1
Na20 % 3.53 0.75 0.72 2.23 2.54
K20 % 2.08 3.16 7.38 2.82 2.2
P205 % 1.58 0.04 0.1 0.22 0.16
LOI % 1 3.78 1.48 0.94 0.77
TOTAL % 98.82 99.81 99.63 99.88 99.92
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Appendix 3: Caron and Sulphur
Client: J Moltzen

Sample Source: Tasmania

MRT Job Number: LIN2019-105

Analysis: Carbon and Sulphur

Methods: NDIR

Operator: L Unwin & T Coyte

Carbon | Sulphur
Reg. # % ;

DL 0.05 0.03
R010760 0.05 0.05
G401107 0.12 0.05
R010856 0.07 <0.03
G401102 0.1 0.06
G401103 0.12 0.11
G401082 0.71 0.11
G401054 <0.05 0.22
G401057 0.08 0.04
R010754 0.06 0.17
G401398 0.07 0.27
G401085 0.21 0.04
G401339 <0.05 0.05
G401388 0.21 0.03
G401340 <0.05 0.04
G401069 0.08 0.04
R0O05508 0.05 0.06
G401010 0.17 0.07
G401016 0.07 0.04
R004131 <0.05 0.04
R0O04475 0.05 0.04
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Appendix 4: Laboratory Report —SEM analytical conditions

Hitachi SU-70 analytical field emission SEM

ultra-high resolution (1.0 nm @ 15kV, 1.6 nm @ 1kV for SE imaging)
high vacuum operation only (i.e. no variable pressure in chamber)
Hitachi in-chamber and in-lens scintillation detectors, Super ExB filter, beam

Hitachi in-chamber 5-segment solid state BSE detector, retractable
in-column Faraday cup with picoammeter for beam current measurement

5 axis motorised fully eucentric stage, XYZ range 110x110x40mm

e Installed February 2011

e Schottky thermal field emission source
deceleration

e anticontamination cold plate, liquid nitrogen cooled

o Oxford AZtec EDS/EBSD system with

o X-Max 80 SDD EDS, MnKa 125 eV resolution, elements B-U, large
area hyperspectral mapping, standardless and standards-based

quantification, feature analysis

o HKL NordlysNano EBSD camera & forescatter detector system, HKL
& Channel 5 software packages, Synergy EDS/EBSD integration,
HKL, ICSD & American Mineralogist phase databases
e« NEW June 2017: Gatan ChromaCL2 colour cathodoluminescence imaging
system with integrated BSE detector, Digital Micrograph 3 software,
automated mosaic acquisition, simultaneous acquisition of SE, iBSE and

colour CL images.

Label:

Element List Type:
Processing Option:
Specimen Coating:

Beam Calibration Element Coating:
Coating Element:

Coating Thickness:

Coating Density:

Automatic Line Selection:
Normalization:
Thresholding:

Detector Window Correction:
Deconvolution Elements:
Selected Standards:

Pulse Pile Up Correction:
Detector file:

Efficiency:
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Current Spectrum
All Elements

On

Off

Carbon

20 nm

2.25 g/lcm3
Disabled

Enabled

Sigma level = 1
Enabled

None
Minerals_15kV_2017-10-20 [ User ]
Succeeded
X-Max 3

File based

45



Mineral Resources Tasmania

Appendix 5: SEM Summaries
Client: J Moltzen
Sample Source: Tasmania

MRT Job Number:

Analysis:

Methods: SEM
Operator: R Bottrill & T Coyte

LIN2019-105

Note: Most Trace phases omitted

R010760
Phase 0 (%) | F (%) | Na (%) | Mg (%) | Al (%) | Si (%) | P (%) | Cl (%) | K (%) |Ca (%) [Ti (%) |V (%) |Mn (%) |Fe (%) |Ba (%) T((z/:?I
Amphibole | 43.5 0.6 7.2 3.2 22.1 0.1 0.5 8.2 0.4 0.3 12.9 99.0
Chlorite 45.6 8.9 9.9 12.6 0.1 1.7 0.1 0.5 0.2 0.3 20.5 98.4
Quartz 54.7 47.1 0.3 101.9
Apatite 39.4 2.3 0.2 19.3 0.6 39.5 0.5 101.8
Biotite 42.2 6.4 7.9 16.9 0.3 7.9 2.0 0.2 16.5 100.2
Titanite 43.2 0.1 1.2 14.1 0.5 20.4 22.1 0.3 0.8 102.2
Plagioclase | 49.2 4.8 14.5 | 26.9 0.1 6.2 0.3 102.0
Zircon 33.0 14.4 0.3 95.2
K-Spar 46.7 0.4 9.9 29.6 12.7 0.3 0.8 100.3
Thomsonite | 48.6 2.5 17.1 23.6 0.3 10.2 102.1
G401107
Phase (o} S Na | Mg | Al Si P Cl K Ca Ti Mn | Fe | Total
(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
Chlorite 45.3 43 | 11.1 | 11.9 0.7 1.1 | 0.2 | 26.4 | 99.6
Muscovite 48.5 0.2 |09 |16.1 | 222 8.6 0.3 3.8 | 100.5
Chlorite 55.2 0.6 | 46.6 0.3 0.4 | 102.7
Zircon 35.4 0.7 3.0 | 152 | 0.9 0.3 | 0.2 6.3 92.7
Rutile 43.7 01 | 03 0.1 59.6 0.6 | 104.3
Kaolinite 11.8 | 0.2 6.7 6.8 [ 0.2 | 03| 0.6 0.1 15 28.2
limenite 34.0 0.2 31.2 | 86 | 27.9 | 101.9
Albite 64.1 10.4 11.8 | 34.6 0.2 04 | 1211
R010856
Phase (o] Na Mg Al Si Cl K Ca Ti Mn Fe Total
(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) (%)
Chlorite 53.0 47.0 0.4 100.2
K-Spar 458 | 0.5 9.9 | 30.2 13.0 0.3 99.5
Albite 50.0 6.6 12.7 | 29.5 0.2 3.2 0.2 102.3
Biotite 43.9 3.4 10.7 | 16.2 0.2 31 0.8 0.3 18.3 96.9
Chlorite 43.9 4.3 114 | 11.4 0.8 26.4 98.1
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G401102
Phase (o} Na | Mg | Al Si P (o] K Ca Sc Ti Vv Cr | Mn | Fe Ba | Total
(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
Amphibole 429 | 06 | 7.3 1.7 | 238 01 | 04 85 | 02| 05 2.1 | 123 99.1
Chlorite 46.6 | 0.2 | 9.1 | 9.8 | 139 0.5 0.2 0.3 0.4 | 16.6 97.1
Chlorite 53.0 46.8 0.3 100.0
Epidote 443 | 0.2 13.4 | 17.7 0.1 | 16.2 0.2 8.2 100.4
Muscovite 472 1 04 | 0.8 | 17.1 | 21.9 8.7 21 | 04 | 98.0
Albite 49.3 | 8.0 10.8 | 31.6 0.1 0.6 0.2 100.3
Andradite 40.3 54 | 165 24.8 05 | 0.2 04 | 119 99.9
K-Spar 45.8 | 0.8 10.1 | 29.3 0.1 | 11.9 0.4 | 1.0 | 98.9
Magnetite 26.6 0.1 0.1 02 [ 02]01 71.4 98.7
lImenite 39.3 1.0 | 1.0 | 0.8 | 0.2 0.1 29.1 6.0 | 28.8 105.5
G401103
Phase 0 F S Na | Mg Al Si P Cl K Ca Ti Vv Mn Fe Ba Total
() | % | (%) | (8) | (6) | (%) | (%) | (%) [ (%) | (%) | (6) | (%) | (6) | (%) | (%) | (%) | (%)
Chlorite 45.0 20 | 10.7 | 10.1 | 12.8 0.6 1.0 0.1 0.4 04 | 16.7 97.0
Chlorite 53.2 0.3 | 46.6 0.1 100.2
Apatite 389 | 35| 02 | 0.2 0.3 | 18.8 | 0.2 38.8 0.4 101.0
Biotite 41.8 7.2 8.6 | 17.0 02| 74 16 |02 | 03 | 141 98.0
K-Spar 46.2 0.4 9.9 | 29.9 0.2 | 13.1 0.3 0.2 | 0.6 99.7
Albite 49.3 6.6 9.3 | 33.2 23 0.1 03 | 0.7 100.1
Titanite 41.8 | 1.0 0.6 1.5 | 140 189 | 20.9 | 0.5 2.0 100.2
Magnetite | 26.6 0.1 04 | 0.2 71.9 99.2
Rutile 43.4 0.2 0.2 0.2 0.5 | 585 | 0.7 | 0.6 15 104.0
Pyrite 53.6 44.2 100.1
IImenite 34.1 0.2 0.2 | 316 10.6 | 25.1 101.6
G401082
Phase (o] Na | Mg | Al Si P Cl K Ca Ti V | Mn | Fe Ba | Total
(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
Chlorite 44.3 33118 | 142 | 0.2 0.4 0.2 | 21.2 95.0
Quartz 53.7 03 | 1.0 | 447 0.2 1.0 100.6
Albite 504 { 81|03 | 119 | 30.1 0.2 | 0.2 0.6 101.3
Muscovite | 454 | 0.2 | 0.9 | 155 | 21.1 01|71 0.4 3.2 [ 05| 935
Rutile 45.2 13 1.3 | 0.2 0.2 51.3 4.4 103.8
Kaolinite 56.2 04 | 198 | 21.5 2.0 0.3 1.6 101.6
G401057
Phase (0] Na [ Mg | Al Si K Ca Ti | Mn | Fe Ba | Total
(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
Chlorite 43.0 5.0 | 109 | 116 | 0.2 0.3 | 26.1 96.9
Quartz 533 | 0.2 14 | 46.2 | 0.8 0.4 100.7
Albite 49.0 | 8.2 10.6 | 32.1 | 0.1 | 0.2 0.2 100.0
Muscovite | 46.7 | 0.0 | 1.1 | 15.9 | 22.7 | 8.6 0.3 27 | 05| 984
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G401054
Phase (0} F Na | Mg | Al Si P a K Ca Sc Ti V | Mn | Fe Ba Total
(%) | (A) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
Chlorite 46.6 13 | 86 | 104 | 129 0.2 | 09 0.5 0.7 0.3 | 20.1 100.0
Quartz 54.3 03 | 04 | 465 0.6 101.7
Zircon 38.8 09 | 0.8 | 1438 0.2 03 | 0.2 15 101.2
Epidote 45.1 124 | 175 16.8 0.2 10.3 102.0
Titanite 434 | 1.3 14 | 29 | 144 0.4 | 185 18.1 | 0.3 29 101.6
Albite 50.3 731 0.8 | 109 | 30.1 1.2 0.7 1.6 101.9
K-Feldspar | 49.4 0.2 {04 | 95 | 308 12.0 11 | 05 103.8
Biotite 42.4 14 | 61 | 88 | 16.6 0.6 | 6.6 0.9 1.0 0.2 | 174 100.0
Apatite 389 | 43 19.3 39.5 0.3 0.4 102.5
limenite | 39.4 0.1 1.3 2.2 324 1.8 | 28.0 105.2
Rutile 45.6 0.2 15 25 56.8 1.0 107.4
R010754
Phase (o} F S Na | Mg Al Si P cl K Ca Ti Vv Cr | Mn | Fe | Total
(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
Amphibole | 46.0 0.7 | 105 | 2.7 | 243 0.2 8.6 0.3 0.2 | 0.2 7.5 | 100.6
Chlorite 48.1 0.8 | 13.1 | 10.8 | 134 0.2 0.2 | 12.8 | 98.6
Quartz 54.2 0.2 47.2 0.2 | 101.5
Epidote 43.9 14.0 | 17.6 16.0 7.0 | 985
Plagioclase | 48.8 5.5 1.0 | 134 | 279 0.1 5.0 0.4 | 101.1
Pyrite 54.6 46.0 | 100.6
Apatite 40.4 | 2.2 0.2 | 19.2 | 0.5 39.1 0.6 | 102.1
Rutile 32.7 0.2 302 | 03| 02| 25| 359 | 1017
Biotite 44.2 9.4 7.7 | 17.1 7.3 1.4 0.3 104 | 97.7
K-Spar 48.3 0.2 10.0 | 31.1 13.2 102.9
Titanite 459 | 1.5 0.2 | 0.2 3.5 | 153 19.9 | 18.1 0.4 | 105.0
G401085
Phase (0] F Na | Mg | Al Si P Cl K Ca Ti Vv Cr | Mn | Fe Ba Total
(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
Chlorite | 44.4 06|97 ] 99 | 132 | 09 09 | 06 | 0.2 02|03 |17.2 95.4
Quartz 52.4 01| 04 | 457 0.2 0.3 0.3 98.7
K-Spar 46.3 06 | 05 | 11.0| 274 | 0.3 11.0 | 1.3 1.2 | 0.8 98.5
Titanite | 42.8 | 1.6 | 0.2 | 0.6 | 3.0 | 144 01| 05 |18.7 | 175 | 04 1.9 100.2
Pyroxene | 42.9 0.2 |91 15 | 234 148 | 0.3 0.2 6.6 98.8
Epidote | 43.2 11.7 | 17.2 0.2 | 159 | 09 |01 10.1 99.1
Albite 47.9 6.8 | 0.2 | 115 | 29.6 0.7 1.8 0.4 98.2
Apatite 370 30| 07 | 02| 01 05 | 181 |08 | 03 | 334 0.4 100.6
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G401398
Phase (0} F S Na | Mg | Al Si P cl K Ca Ti Vv Cr | Mn | Fe | Ba | Total
(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
Amphibole | 45.8 0.6 9.0 3.0 23.6 0.3 0.5 8.7 0.7 0.2 0.3 10.2 101.8
Chlorite 45.8 106 | 8.3 16.1 0.1 0.8 1.2 0.3 0.3 0.2 | 146 97.6
Quartz 55.6 0.3 04 | 471 0.3 0.2 0.3 103.3
Epidote 45.6 0.4 12.8 | 17.8 0.8 16.2 0.3 9.2 102.0
Titanite 45.0 0.1 1.6 2.8 14.8 0.4 188 | 18.1 | 04 2.2 102.9
K-Spar 47.9 0.4 10.3 | 30.0 12.7 0.6 0.4 14 | 1025
Philipsite 49.4 2.6 14.7 | 26.6 4.2 5.2 0.5 0.4 | 1034
Apatite 415 | 35 0.4 1.6 18.7 | 0.3 38.8 0.5 104.7
Plagioclase | 50.3 42 | 10 | 141 | 274 0.7 | 59 0.9 103.5
Biotite 45.6 8.6 8.2 17.2 0.3 6.8 1.2 13 134 101.7
Garnet 45.1 2.7 8.6 17.5 0.1 19.8 0.3 0.3 9.4 102.1
Pyrite 54.3 0.3 46.4 100.8
G401339
Phase (0] Na | Mg Al Si cl K Ca Ti [ Mn | Fe | Zn | Total
(%) | 06) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
Amphibole 451 [ 06| 99 | 26 | 239 | 0.1 90 |02 |02 |79 99.2
Chlorite 473 | 0.6 | 13.3 | 10.8 | 13.9 0.6 0.2 | 9.9 96.1
Pyroxene 427 | 04 | 9.2 05 (24304 |02 |162 |02 |02 |51 98.5
Albite 486 | 71| 04 | 115|299 |01 |02 | 15 04 | 0.7 | 99.1
Muscovite 481 | 1.0 | 0.6 | 17.8 | 22.7 73 | 0.7 0.7 98.3
Garnet 442 |1 01| 01 | 126 | 187 0.2 | 244 04 | 11 101.5
Epidote 463 | 0.3 15.5 | 18.6 0.2 | 17.3 3.2 100.3
Anorthite 474 | 14| 0.2 | 180|217 | 0.1 | 0.3 | 11.7 0.3 100.5
G401388
Phase (o) F S Na | Mg | Al Si P Cl K Ca Ti | Mn Fe | Total
(%) | (%) | (%) | (%8) | (%) | (6) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
Chlorite 43.7 0.2 | 23 | 10.1 | 13.9 02| 08 0.5 |03 | 221 | 93.0
Quartz 52.9 0.3 | 46.5 99.5
Albite 48.8 7.9 10.3 | 30.5 03 | 03 0.5 | 98.1
K-Spar 44.1 0.4 9.5 | 283 0.5 | 12,5 1.1 | 953
Berthierine | 39.8 01(11 |11 | 82 (108 | 02 | 0.2 | 0.6 0.4 | 04 | 30.7 | 91.3
Smectite | 41.1 0.2 | 0.6 18.3 | 211 0.2 45 | 85.9
Kaolinite 38.6 0.2 14.0 | 14.6 0.1 53 | 72.7
Magnetite | 36.8 0.1 0.7 1.4 57.1 | 96.1
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G401340
Phase (o) F Na | Mg | Al Si P a K Ca Ti V | Mn | Fe Ba | Total
(%) | (A) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
Chlorite 44.0 53| 9.1 | 132 0.3 1.8 11 15 0.2 | 23.0 98.8
Quartz 53.7 46.5 0.3 100.4
K-Spar 46.4 0.7 9.8 | 29.7 12.6 03 | 03 | 99.2
Epidote 48.2 08 | 1.1 | 133 | 175 1.1 | 153 | 0.3 4.4 100.2
Zircon 34.1 0.3 | 143 0.5 0.7 95.9
Albite 49.9 7.7 | 0.3 | 10.7 | 31.0 0.6 0.5 0.8 100.3
Muscovite | 48.9 1.0 18.2 | 22.9 7.5 0.4 98.8
Apatite 39.0 | 42 | 03 05 | 06 | 185 03 | 381 0.3 101.0
Rutile 42.1 0.7 1.6 0.1 09 | 534 |10 1.0 101.3
R005508
prase |00 | o s | o8 | U8 | oS00 Pea | oo | el e | ea o | oo | o6 | 60 | 00| 6o
Apatite 394 | 2.9 0.3 0.3 0.8 1.5 17.7 | 0.8 | 0.5 | 35.9 0.6 101.3
Magnetite 29.9 2.4 11 0.2 0.4 0.1 0.3 11.9 | 0.2 0.4 0.6 | 52.6 99.3
Clinopyroxene | 42.6 0.5 8.0 1.9 22.4 0.5 | 155 | 0.2 13 0.3 0.2 5.6 97.9
Olivine 42.0 23.9 18.0 0.2 04 | 16.7 101.3
Pyrrhotite 38.5 0.1 0.5 58.5 97.7
Chromite 31.0 3.7 4.2 0.3 3.5 0.2 | 16.2 39.2 98.2
limenite 35.4 4.3 0.1 0.6 0.1 0.3 304 | 04 0.2 0.4 | 304 102.4
Glass 46.9 5.4 0.3 11.5 | 243 0.1 04 | 44 0.4 0.6 1.5 0.4 95.5
Smectite 43.6 0.2 6.3 7.9 19.7 0.2 | 04 1.7 0.3 0.4 3.9 84.1
Nepheline 46.9 115 16.0 | 23.1 2.0 0.3 0.7 100.4
G401010
Phase (o) S Na | Mg | Al Si P (o] K Ca Ti Mn | Fe Ba | Total
(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
Quartz 52.8 0.2 | 13 1.2 | 450 0.4 0.2 | 0.2 13 99.6
Cronstedtite | 43.8 | 0.1 56 | 56 | 0.8 0.3 42.9 99.0
Al-nontronite | 45.8 13.0 | 139 | 04 0.7 19.5 93.4
K-Spar 50.2 03 |13 | 119 | 28.1 0.5 | 10.9 0.3 23 | 0.8 | 103.7
lllite 53.0 1.8 | 15.2 | 23.0 6.8 48 | 0.3 | 104.9
Kaolinite 50.3 1.1 | 16.4 | 18.7 0.6 7.3 94.4
Rutile 46.2 01| 06 | 11 0.6 | 0.2 | 56.9 0.5 105.5
Albite 49.5 8.3 10.5 | 31.7 0.1 | 0.2 100.3
Magnetite 27.6 0.3 70.0 97.8
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G401016
Phase 0 F Na | Mg | Al Si P a K Ca Ti Vv Cr | Mn Fe Ba Total
(%) | (%) | (%) | (%) | (%) | (%) | (%) (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
Apatite 37.1 | 41 0.2 18.9 39.0 0.3 99.6
ilmenite | 33.4 0.1 0.3 | 31.2 11.2 | 24.8 101.0
Muscovite | 47.9 0.2 | 1.5 | 15.6 | 22.2 9.1 0.2 3.1 99.5
Chlorite 44.4 8.3 | 10.3 | 11.9 09 | 21.0 96.8
Titanite 441 | 10 |14 |03 | 18 | 144 | 01 0.3 |19.1 | 213 | 0.3 0.8 102.5
Albite 50.5 8.0 11.0 | 316 0.5 0.4 0.3 102.1
Biotite 39.6 58 | 85 | 165 01| 71 0.5 0.8 0.5 | 15.2 94.1
Epidote 43.1 13.2 | 17.3 0.3 | 16.5 04 |04 | 03 7.8 98.3
Quartz 53.3 0.4 | 465 0.4 100.1
K-Spar 46.7 0.2 9.8 | 29.9 13.3 | 0.7 1.0 0.2 | 0.6 | 100.4
R004131
Phase ol | 2| ®|=z|>|a|s x| 8| & > | &5 S| e | 2 S| 8|8 A
Amphibole 4f‘ 04 | 80 | 41 zj' 0103|8209 ]|02|02]|03 171‘ 100.7
. 39. 18. 38.
Apatite o | 28 01 |03 | |04 o 0.3 101.0
. 45, 10. 13. 19.
Chlorite 5 1|85, 04 | 01| 04 02 | 02 | 97.4
46. 10. | 29. 12.
K-Spar N 04 101 | 7 6 6 | 09 03] 03|12 100.6
Muscovite 4;;' 0.7 | 0.4 1:' 232' 8.7 | 03 0.7 99.7
Plagioclase 43' 6.2 12' 298' 07 | 34 | 01 0.4 0.3 100.8
. 47. 13. | 19. 17.
Prehnite 3 04 | 10| 7 < 06 | 7|11 2.3 25 | 5.6 100.7
54. 46.
Quartz 6 9 101.4
o 43, 14. 20. | 22.
Titanite 3 0.7 1 1 9 0.5 101.6
R004475
Phase (0] F Na | Mg | Al Si P cl K Ca Ti Mn | Fe Total
(%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
Apatite 41.1 | 3.2 01| 04 1.7 | 183 0.2 | 381 | 0.3 102.6
Chlorite 44.5 7.7 | 93 12.9 0.2 | 0.6 0.4 04 | 05 | 20.8 96.9
Plagioclase 48.5 3.7 15.6 | 25.3 0.1 8.0 101.2
Quartz 54.3 47.0 101.3
Biotite 41.6 59| 82 | 165 0.2 7.3 16 | 0.3 | 16.6 98.2
Epidote 48.5 0.2 17.0 | 19.6 1.0 | 16.0 0.4 102.6
K-Spar 46.8 0.3 10.2 | 30.2 134 100.8
Titanite 43.4 0.2 11 | 141 0.2 | 20.0 | 22.1 0.5 101.4
Zircon 344 14.6 0.2 0.3 97.4
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