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Lithology and petrology of drillhole TDD001, Bluebush area, Warramunga Province
by

PG Farias

SUMMARY 

This Record presents the results of detailed logging and petrographic studies of mineralised drillhole TDD01 from the 
Bluebush area located between the Rover field and the Tennant Creek mineral field in the Warramunga Province, central 
Northern Territory. The work is part of a Northern Territory Geological Survey–Geoscience Australia collaboration project to 
improve understanding of the regional geological framework and resource potential of the Rover field and more broadly, the 
Warramunga Province. Drillhole TDD01 intersected high-magnesium, porphyritic actinolite basalt with minor schistose meta-
greywacke and quartz–sericite (–muscovite) phyllite. Alteration of the basalt is characterised by sulfide-bearing carbonate 
veins and breccias, magnesium–chlorite and talc. The sulfide-bearing carbonate veins are common between 342.5– 701.7 m, 
and more frequent between 342–400 m downhole depth. 

Nickel mineralisation was reported for this drillhole by Page (2010): 1 m at 2100 ppm Ni from 369 m and 7 m at 2185 ppm 
Ni, including 1 m at 3200 ppm Ni from 376 m. Our studies of samples from TDD01 revealed that pentlandite (nickel–iron 
sulfide) is strongly associated with pyrrhotite (iron sulfide), typically with flame-like exsolution texture within pyrrhotite. 
Pentlandite is also found as disseminated grains or aggregates with chalcopyrite and pyrite. Sphalerite (zinc–iron sulfide) 
and galena (lead sulfide) are also observed in contact with pyrrhotite. The association of nickel–copper–iron sulfides with 
the lead–zinc sulfides is not clear. Although the sphalerite is in contact with pyrrhotite (and pentlandite), there are multiple 
examples of galena–sphalerite-bearing carbonate veinlets overprinting the dominant foliation in the basalt; this suggests a 
post-deformation base metal mineralising event. The mineralisation in TDD01 could represent a hybrid between an early 
orthomagmatic nickel–copper sulfide mineralisation overprinted by an epigenetic base metal mineralisation. 
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INTRODUCTION

The Palaeoproterozoic Rover field is located in the central 
part of the Northern Territory at about 80 km southwest of 
Tennant Creek (Figure 1). The field represents an extensive 
corridor of copper–gold–bismuth (Rover 1, Explorer 142 
deposits) and lead–zinc–silver–copper mineralisation 
(Explorer 108 deposit and Curiosity prospect), which is 
entirely covered by 70–200 m of dominantly Cambrian 
stratigraphy of the Wiso Basin (Donnellan 2013, Leggo 
et al 2019). The largest deposit, Rover 1, has Indicated 
and Inferred Mineral Resources of 6.9 Mt at 1.74 g/t Au, 
2.07 g/t Ag, 1.2% Cu, 0.14% Bi, and 0.06% Co (Leggo 
et al 2019). Two of the deposits, Rover 1 and Explorer 142, 
have similar characteristics to the iron-oxide–copper–gold 
(IOCG) deposits of the neighbouring Tennant Creek mineral 
field (Leggo et al 2019 and references therein). However, 
unlike in the Tennant Creek mineral field, the Rover field 
is prospective for significant base metal mineralisation as 
evidenced by the Explorer 108 lead–zinc–silver–copper 
deposit (Inferred Resource of 8.7 Mt at 5.6% combined Pb 
and Zn, 20 g/t Ag, and 0.3 g/t Au; Leggo et al 2019), and 
the nearby lead–zinc–silver–copper Curiosity prospect. 
Given this potential, the Northern Territory Geological 
Survey (NTGS) under the Resourcing the Territory (RTT) 
initiative, and in collaboration with Geoscience Australia, 
are undertaking a range of projects to improve understanding 
of the geological framework and resource potential of the 
Rover field, and more broadly, the Warramunga Province 
(eg Huston et al 2020, Valenta et al 2020, Farias et al 2021).  

Drillhole TDD001 was completed in the Bluebush area, 
located 30 km southwest of Tennant Creek and in between the 
Tennant Creek mineral field and the Rover field (Figure 1). 
The Bluebush area is included in the RTT initiative, and as 
with the Rover field, has benefited from interpretation of 
regional geophysical surveys and drillhole data sets (Valenta 
et al 2020). The Bluebush area is considered an important 
link between the Tennant Creek mineral field and the Rover 
field as it coincides with interpreted crustal-scale structures 
(Sippl 2016) and has potential for nickel–chromium–copper 
mineralisation (Page 2010). 

This Record presents the summary of the individual 
petrology descriptions of samples collected in 2020 from 
drillhole TDD01. It was originally drilled in 2009 (Figure 1) 
under the Northern Territory Government’s Geophysics 
and Drilling Collaborations (GDC) program. Drill core 
from TDD01 has been analysed with the HyLogger™ by 

the NTGS (Smith and Huntington 2010). This method uses 
short wave infrared (SWIR) and thermal infrared (TIR) 
spectrums to identify and quantify the commonly occurred 
mineralogy across the entire drillhole (Schodlok et al 
2016a, b). 

Terminology and nomenclature

Volcanic rocks are part of the lithology intersected by 
TDD01. For petrology descriptions of these volcanic rocks, 
we follow terminology from McPhie and Allen (1993). 
Diverse volcanic processes result in a variety of textures 
that can be divided in two categories: volcaniclastic or 
coherent (McPhie and Allen 1993). The term volcaniclastic 
is descriptive and used for rocks composed predominantly 
of transported and deposited volcanic particles of any 
size and shape; no genetic process is implied. Coherent 
volcanic textures form from in situ cooling of lavas or 
magmas. In order to classify the volcanic rocks, we must 
decide which of these two categories is more appropriate 
for the sample. Volcaniclastic terminology is used for rocks 
with separate particles, crystals or fragments of different 
shape, size and type; or where bedding or any other 
sedimentary structure indicates particulate transport and 
deposition. Coherent rock terminology is used where there 
is porphyritic texture with evenly distributed, euhedral 
phenocrysts with a narrow size range. Aphanitic textures, 
vesicles, flow foliations, and spherulites are usually 
diagnostic of coherent rocks. The descriptive names used 
for volcaniclastic and coherent rocks are described in 
Table 1 and Table 2 in McPhie and Allen (1993). Mineral 
abbreviations are after (Whitney and Evans 2010).

The timescale nomenclature used follows the 
recommendations of the International Union of Geological 
Sciences1. The stratigraphic names are as listed in the 
Geoscience Australia’s Stratigraphic Unit Database2; the 
nomenclature and definition for geological regions and 
provinces are as defined in Ahmad and Munson (2013). 
The drillhole location for TDD01 is based on Map Grid of 
Australia (MGA) zone 53K coordinates and the GDA94 
map datum (EPSG: 28353). Grid references are located to 
the nearest 1 m as 13-digit readings. Appendix 1 has the 
individual petrology descriptions and photomicrographs of 
the cited samples.
1  www.iugs.org
2 https://www.ga.gov.au/data-pubs/datastandards/

stratigraphic-units

https://www.ga.gov.au/data-pubs/datastandards/stratigraphic-units
https://www.ga.gov.au/data-pubs/datastandards/stratigraphic-units
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Figure 1. Location of TDD01 in the Bluebush area relative to the Rover field and Tennant Creek mineral field.
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TDD01

Drillhole details and target

Hole ID: TDD01
Target: High magnetic and dense areas (possibly associated 
with ironstones) defined by geophysical models from 
coincident ground gravity and airborne magnetic surveys.
Company: Territory Uranium Company Ltd 
Grid reference: GDA94 Zone 53K, 393750mE, 7809700mN
RL: 303 m
EOH: 701.7 m
Dip: -60°
Azimuth: 000°
Sample: TC20PGF059–071
Hylogger HDP: NTGS Record 2010-008: https://
geoscience.nt.gov.au/gemis/ntgsjspui/handle/1/81995

Petrology

Drillhole TDD01 was drilled in 2009 by Territory Uranium 
Company in joint venture with Panoramic Resources, and 
in collaboration with the Northern Territory Government’s 
GDC program (Page 2010). Assays results show elevated 
nickel values within a high-magnesium basalt (eg 1 m at 
2100 ppm Ni from 369 m and 7 m at 2185 ppm Ni, including 
1 m at 3200 ppm Ni from 376 m; Figure 2). Smith and 
Huntington (2010) report mineralogy changes consistent 
with the logged geology; the dominant high-magnesium 
basalt lithology comprises hornblende, FeMg chlorite, talc, 
epidote, actinolite and prehnite. 

As part of this study, TDD01 was re-logged and sampled 
(Figure 2). Four main units were noted. Actinolite basalt was 
intersected from surface to a downhole depth of 151.4 m. The 
basalt is in tectonic contact with an interbedded sandstone/
siltstone unit, which continues until a graphitic shear zone 
between 238.2–240.7 m. Below the shear zone, TDD01 
intersected volcaniclastic rocks to a depth of 342.5 m, followed 
by a high-magnesium porphyritic actinolite basalt with 
cumulate zones. This high-magnesium basalt extends until 
the end of the hole at 701.7 m. There are two cumulate zones 
associated with nickel–copper mineralisation at 347– 349.1 m 
and 368.1– 374.3 m respectively. The metamorphic grade 
across the hole is low, possibly lower greenschist. 

Thirteen samples were taken for petrology and 
geochemistry analyses (Appendix 1) to complement the 
previous petrology report (Page 2010). The focus of the 
analyses was to characterise the high-magnesium basalt 
and potential for nickel mineralisation. The new petrology 
confirmed the previously logged geology and added 
details of mineralogy, texture and sulfide paragenesis/
mineralisation. Five key samples (TC20PFG059, 060, 063, 
065, 066) of the different rock types (in drillhole descending 
order) are described below. 

TC20PF059 (135.85 m) represents an altered, porphyritic 
actinolitic basalt or andesite (Figure 3a). The porphyritic 
texture is defined by 10–15%, 0.1–0.5 mm euhedral 
actinolite and 20–30%, 0.5–2 mm phenocrysts of sericite-
altered zoned feldspars (plagioclase?) in a medium to fine-
grained groundmass. The groundmass is composed of 
60–65%, 0.1–0.5 mm long, prismatic and fibrous, weakly 

chlorite-altered actinolite intergrown with 10–15%, fine-
grained chlorite; ~5%, 0.1–0.2 mm quartz; and 1–5%, 
0.1– 0.5 mm grains of epidote–allanite and opaques. 

TC20PGF060 (175 m) represents a schistose and 
crenulated metagreywacke. Most of the sample comprises 
a matrix with 20–30% clastic components. The clastic 
elements comprise partially recrystallised 0.2–1 mm quartz 
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lenses parallel to the main foliation (Figure 3b); 5–10%, 
0.5– 1 mm, anhedral and relatively fresh K-feldspars; and 
5–10%, 0.1– 0.5 mm, anhedral to rounded fresh plagioclase 
clasts, in a fine-grained sericite–chlorite–quartz matrix. 
Chlorite is dominant in the pressure shade of most clasts. 
There is an ill-defined compositional layering (S0), 
marked by chlorite, which is oblique to a second foliation 
(crenulation).

TC20PGF063 (304.4 m) is a quartz–sericite 
(– muscovite) phyllite or schist that represents the ‘siltstone’ 
package (Page 2010). The fabric of the rock is characterised 
by mm-thick quartz-rich layers (microlithons) and sericite-
rich layers (S0). There is 20–30%, 0.1–0.5 mm, strained and 
elongated quartz porphyroclasts with undulose extinction 
and rims of bulged (BLG) recrystallised quartz. There 
are minor amounts of 0.1–0.5 mm, weakly sericite-altered 
feldspar porphyroclasts. Sericite is abundant and defines the 
cleavage domains and the strong foliation subparallel to the 
compositional layering (S0). 

TC20PGF065 (369.2 m) represents the ‘cumulate’ 
layer part of the high-magnesium basalt (Page 2010;  
Figure 3f). The petrology suggests a chlorite–talc–
carbonate-altered mafic/ultramafic rock. The chlorite 
and talc domains form a phlebitic texture. Chlorite has 
up to 3–5%, 0.05–0.1 mm hematite inclusions. Fine-
grained carbonate and talc form finely disseminated 
patches in the chlorite groundmass and form up to 50% 
of the sample in parts. Carbonate–talc-rich lenses are 
probably total alteration of magnesium minerals. Pyrite 
agglomerates are in obliterated and strained carbonate-
rich lenses. There is a foliation variable in intensity as 
defined by strained amphibole, carbonate and aligned 
phyllosilicates; this foliation overprints the carbonate 
alteration/veins in the cumulate layer. 

TC20PGF066 (422.8 m) represents the bulk of the less 
altered ‘high-magnesium basalt’ (Figure 3g). The petrology 
suggests a carbonate-altered porphyritic actinolite 
basalt. The texture is clearly porphyritic with 70– 75%, 
0.5–2 mm, fresh euhedral actinolite phenocrysts and 
25–30%, 0.5– 1 mm, relatively fresh euhedral plagioclase 
phenocrysts in a fine-grained amphibole–plagioclase–
opaque groundmass. There are 1–2 mm carbonate-rich 
domains typically with one or two anhedral 50–100 µm 
epidote grains with allanite cores. Carbonate veining is 
pervasive in the rock and locally represents up to 20–30% 
of its volume. There is no clear foliation as in previous/
shallower basalt samples.

Sulfides and mineralisation

Sulfide-bearing carbonate veins and breccias are common 
in the high-magnesium basalt between 342.5–701.7 m, 
and more frequent between 342–400 m (Figure 2). They 

overprint the porphyritic actinolite and highly altered 
chlorite–talc–carbonate cumulates (Figure 2). The copper, 
nickel and lead–zinc mineralisation is associated with 
the carbonate veins and breccias, suggesting epigenetic 
mineralisation or possible remobilisation. 

Pentlandite (nickel–iron sulfide) is strongly associated 
with pyrrhotite, typically with flame-like exsolution texture 
within pyrrhotite (Figure 3c). Pentlandite is also found 
as disseminated grains or aggregates with chalcopyrite 
and pyrite. The sphalerite (zinc sulfide) and galena (lead 
sulfide) are in contact with pyrrhotite. Sphalerite usually 
has chalcopyrite (–pyrite and pyrrhotite) inclusions that 
resemble an exsolution texture. This sphalerite–chalcopyrite 
exsolution texture is known as ‘chalcopyrite disease’; it 
is attributed to diffusion-controlled replacement of iron 
(from the sphalerite) by copper, and to iron-rich sphalerite 
and chalcopyrite co-precipitation during partial melting of 
sulfides (Govindarao et al 2018). 

The association of nickel–copper–iron sulfides with 
the zinc–lead sulfides is not clear. Although the sphalerite 
is in contact with pyrrhotite and pentlandite (Figure 3d), 
there are multiple examples of galena–sphalerite-bearing 
carbonate veinlets overprinting the rock fabric, suggesting 
a later epigenetic base metals event (Figure 3e). 

CONCLUSION

Petrology from TDD01 revealed that pentlandite is strongly 
associated with pyrrhotite, typically with flame-like 
exsolution texture within pyrrhotite. There is also sphalerite 
and galena in contact with pyrrhotite. The association of 
nickel–copper–iron sulfides with the lead–zinc sulfides 
remain unclear. Further studies, including geochronology 
and in situ mineral liberation analysis are being designed 
to better understand the relationship between the two 
contrasting mineral systems (nickel–copper–iron and lead–
zinc mineralisation). One possibility is that these represent 
two discrete mineralising events: an early magmatic nickel–
copper sulfide mineralisation that was overprinted by an 
epigenetic base metal mineralisation.

REFERENCES

Donnellan N, 2013. Chapter 9 - Warramunga Province: in 
Ahmad M and Munson TJ (compilers). ‘Geology and 
mineral resources of the Northern Territory’. Northern 
Territory Geological Survey, Special Publication 5. 

Farias P, Cross A and Huston D, 2021. The Rover 
field: Insights on stratigraphy, age and base metal 
mineralisation: in ‘Annual Geoscience Exploration 
Seminar (AGES) Proceedings, Alice Springs, Northern 
Territory 20–21 April 2021’. Northern Territory 
Geological Survey, Darwin.

Figure 3. (See previous page). (a) Sample TC20PGF059 at 135.85 m. Chlorite–talc-altered unfoliated actinolite basalt. (b) Sample 
TC20PGF060 at 175 m. Sheared metagreywacke with S/C fabric and recrystallized quartz. (c) Sample TC20PGF064B at 348.8 m. Flame-
like exsolution of pentlandite in pyrrhotite suggesting low-temp exsolution. Also chalcopyrite and pyrite. (d) Sample TC20PGF064B at 
348.8 m. Pyrrhotite (left) in contact with sphalerite with chalcopyrite exsolution (right). (e) Sample TC20PGF064B at 348.8 m. Sphalerite–
galena veinlet. Sphalerite with chalcopyrite exsolution. (f) Sample TC20PGF065 at 369.2 m. Strong talc and chlorite alteration in layers 
logged as ‘cumulates’ by Page (2010). These talc-rich zones are the host of the nickel mineralisation. (g) Sample TC20PGF066 at 422.8 m. 
Chlorite–carbonate-altered porphyritic actinolite basalt. (h) Sample TC20PGF069 at 482.15 m. Sheared porphyritic basalt. Cb = carbonate; 
Ccp = chalcopyrite; Pn = pentlandite; Py = pyrite; Po = pyrrhotite. 

https://doi.org/10.2138/am-2018-6477


6NTGS Record 2021-006 

Govindarao B, Pruseth KL and Mishra B, 2018. 
Sulfide partial melting and chalcopyrite disease: An 
experimental study. American Mineralogist 103(8), 
1200–1207. doi: https://doi.org/10.2138/am-2018-6477

Gunter J, Aivazpourporgou S, Gow PA and Valenta RK, 
2020. Warramunga Province mineral deposit series: 
Rover 1 3D compilation and deposit atlas. Northern 
Territory Geological Survey, Digital Information 
Package DIP 024.

Gunter J, Aivazpourporgou S, Gow PA and Valenta RK, 
2020 a. Warramunga Province mineral deposit series: 
Explorer 108 and Curiosity 3D compilation and deposit 
atlas. Northern Territory Geological Survey, Digital 
Information Package DIP 025.

Gunter J, Aivazpourporgou S, Gow PA and Valenta RK, 
2020 b. Warramunga Province mineral deposit series: 
Explorer 142 3D compilation and deposit atlas. Northern 
Territory Geological Survey, Digital Information 
Package DIP 026.

Huston DL, Cross A, Skirrow R, Champion D and Whelan J, 
2020. The Tennant Creek mineral field and Rover fields: 
Many similarities but some important differences: 
in ‘Annual Geoscience Exploration Seminar (AGES) 
Proceedings, Alice Springs, Northern Territory, 24–25 
March 2020’. Northern Territory Geological Survey, 
Darwin.

Leggo N, Ulrich S and Whishaw A, 2019. Independent 
technical assessment report, Castile Resources Ltd 
– Rover and Warumpi projects. CSA Global Report 
R339.2019: in ‘Castile Resources Ltd Prospectus’. 
Australian Stock Exchange announcement: CST, 
12 February 2020.

McPhie J and Allen R, 1993. Volcanic textures: a guide 
to the interpretation of textures in volcanic rocks. 

University of Tasmania. Centre for Ore Deposits and 
Exploration Studies.

Page T, 2010. Territory Uranium Company LTD. Tennant 
Creek Bluebush ‘Iron Oxide Copper Gold exploration 
in covered terrain (EL24966). Northern Territory 
Geological Survey, Open File Company Report 
CR2010-0203.

Schodlok MC, Green A and Huntington J, 2016a. A 
reference library of thermal infrared mineral reflectance 
spectra for the HyLogger-3 drill core logging system. 
Australian Journal of Earth Sciences 63(8), 941–949. 

Schodlok MC, Whitbourn L, Huntington J, Mason P, 
Green A, Berman M, Coward D, Connor P, Wright W, 
Jolivet M and Martinez R, 2016b. HyLogger-3, a 
visible to shortwave and thermal infrared reflectance 
spectrometer system for drill core logging: functional 
description. Australian Journal of Earth Sciences 63(8), 
929–940

Sippl C, 2016. Moho geometry along a north–south 
passive seismic transect through Central Australia. 
Tectonophysics 676, 56–69.

Smith BR and Huntington JF, 2010. Drillhole report 
for TDD01, Tennant Region, Northern Territory: 
National Virtual Core Library NTGS Node: HyLogger 
2–7. Northern Territory Geological Survey, Record 
2010-008.

Valenta RK, Gunter J, Aivazpourporgou S and Gow PA, 
2020. Warramunga Province mineral deposit series: 
Rover field regional 3D compilation and interpreted 
geology. Northern Territory Geological Survey, Digital 
Information Package DIP 023.

Whitney DL and Evans BW, 2010, Abbreviations for names 
of rock-forming mineral. American Mineralogist 95, 
185–187.



7 NTGS Record 2021-006 

APPENDIX:  INDIVIDUAL PETROLOGY DESCRIPTIONS AND PHOTOMICROGRAPHS FOR TDD01 
SAMPLES TC20PGF059–TC20PGF071 

Abbreviations used in this appendix: 

Act = actinolite
Cb = carbonate
Ccp = chalcopyrite
Chl = chlorite
Fsp = feldspar
Gn = galena
Kfs = K-feldspar
Pl = plagioclase
Pn = pentlandite
Po = pyrrhothite
Py = pyrite
Qtz = quartz
Ser = sericite
Sph = sphalerite
Tlc = talc
Ttn = titanite 



8NTGS Record 2021-006 

Sample ID: TC20PGF059
Hole ID: TDD01
Location: GDA94 Zone 53K, 393750mE, 7809700mN
Depth: 135.85 m
Rock Name (from thin section): Altered porphyritic basalt/andesite
Sample Information: Thin section / Polished section / Oriented section
Petrography: Visual estimate of modal mineral abundances

Mineral /phase Abundance 
(%) Origin/location Character

Actinolite 60–65 as phenocrysts and in groundmass 0.1–0.5 mm radial subhedral, long prismatic and fibrous, relatively 
fresh

Sericite-altered 
feldspar (plagioclase?) 20–30 as phenocrysts and in groundmass 0.5–2 mm subhedral to euhedral zoned phenocrysts of totally 

replaced feldspar; potentially plagioclase

Chlorite 10–15 in groundmass altering mafic minerals and interstitial in the groundmass

Sericite 5–10 altering feldspar

Quartz 5 in groundmass interstitial in groundmass; typically with undulose extinction

Epidote 1–5 in groundmass discrete 0.1–0.5 mm anhedral grains associated with amphibole 

Opaques <1 in groundmass very fine-grained disseminated in groundmass

Description

Texture, metamorphic grade, microstructure, mineral paragenesis

This sample represents an altered porphyritic actinolite–plagioclase basalt or andesite. It has a porphyritic texture with 
20–30%, 0.5–2 mm phenocrysts of sericite-altered zoned feldspar, potentially plagioclase, in a medium to fine-grained 
groundmass of 60–65%, 0.1–0.5 mm long, prismatic and fibrous, weakly chlorite-altered actinolite intergrown with 10–15%, 
fine-grained chlorite; ~5%, 0.1–0.2 mm quartz;  and 1–5%, 0.1–0.5 mm grains of epidote and opaques. There is no foliation 
noted in the rock. Alteration is dominated by sericite–chlorite. Metamorphic grade is very low, possibly lower greenschist.

Photomicrographs

Figure 1. Photomicrograph of sample 
TC20PGF059 showing prismatic and 
fibrous actinolite phenocrysts in a 
chlorite-rich groundmass. Transmitted, 
cross polarised light.
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Figure 2. Photomicrograph of sample 
TC20PGF059 showing feldspar(?) 
phenocryst completely replaced by 
sericite; ill-defined zoning in a chlorite–
actinolite groundmass. Transmitted, 
cross-polarised light.
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Sample ID: TC20PGF060
Hole ID: TDD01
Location: GDA94 Zone 53K, 393750mE, 7809700mN
Depth: 175 m
Rock Name (from thin section): Schistose and crenulated metagreywacke
Sample Information: Thin section / Polished section / Oriented section
Petrography: Visual estimate of modal mineral abundances

Mineral /phase Abundance 
(%) Origin/location Character

Quartz 50–60 clasts, in groundmass and in 
veinlets 0.2–1 mm partially recrystallised, elongated clasts 

K-feldspar 5–10 clasts 0.5–1 mm anhedral to rounded clasts

Plagioclase 1–3 clasts 0.1–0.5 mm anhedral to rounded clasts; fresh

Sericite 60–70 groundmass/matrix fine-grained sericite forms the bulk of the groundmass

Chlorite 20–25 groundmass/matrix mostly in the pressure shade of clasts 

Pyrite 1–2 groundmass euhedral 0.2–0.5 mm grains disseminated in the groundmass

Description

Texture, metamorphic grade, microstructure, mineral paragenesis

This sample represents a schistose and crenulated metagreywacke. Most of the sample is sericite–chlorite–quartz matrix or 
groundmass with 20–30% clastic components giving the rock a porphyritic character. The clastic/porphyritic components 
are mostly elongated and partially recrystallized 0.2–1 mm quartz grains; 5–10%, 0.5–1 mm, anhedral and relatively fresh 
K-feldspar; and 5–10%, 0.1–0.5 mm, anhedral to rounded fresh plagioclase grains. Chlorite is dominant in the pressure shade 
of most of the clasts. There is an ill-defined compositional layering marked by chlorite-rich layers (S0 ). This S0 is crossed at an 
oblique angle by a second foliation. which gives a crenulation fabric to the rock. The metamorphic grade is lower greenschist 
facies.     

Photomicrographs

Figure 3. Photomicrograph of sample 
TC20PGF060 showing K-feldspar clast 
in a sericite–quartz rich groundmass. 
Quartz vein in the top-left corner 
and lenses or ribbons of quartz in 
groundmass with undulose extinction. 
Transmitted, cross polarised light.
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Figure 4. Photomicrograph of sample 
TC20PGF060 showing detail of the 
strained quartz ribbons and lenses in 
the crenulated schistose rock. Rounded 
plagioclase and post-kinematic pyrite 
in the centre. Transmitted, cross-
polarised light.
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Sample ID: TC20PGF061
Hole ID: TDD01
Location: GDA94 Zone 53K, 393750mE, 7809700mN
Depth: 215 m
Rock Name (from thin section): Schistose folded metagreywacke
Sample Information: Thin section / Polished section / Oriented section
Petrography: Visual estimate of modal mineral abundances

Mineral /phase Abundance 
(%) Origin/location Character

Quartz 40–50 clasts in groundmass and 
in veinlets 0.1–1 mm partially recrystallised, elongated clasts 

K-feldspar 10–15 clasts 0.5–1 mm anhedral to rounded clasts

Plagioclase 10–15 clasts 0.1–0.5 mm anhedral to rounded clasts; fresh

Sericite 20–25 groundmass/matrix fine–grained sericite forms the bulk of the groundmass

Chlorite 20–25 groundmass/matrix mostly in the pressure shade of clasts 

Opaques Accessory groundmass euhedral 0.2–0.5 mm grains disseminated in the 
groundmass

Description: 

Texture, metamorphic grade, microstructure, mineral paragenesis

This sample represents a schistose and folded metagreywacke similar to TC20PGF060 but with more feldspar and less 
sericite. Most of the sample is sericite–chlorite–quartz matrix or groundmass with 30–40% clastic components, which gives 
the rock a porphyritic character. The clastic/porphyritic components are partially recrystallized 30–35%, 0.21–1 mm quartz 
grains; 40–45%, 0.5–1 mm anhedral and relatively fresh K-feldspar; and 40–50%, 0.1–0.5 mm anhedral to rounded fresh 
plagioclase grains. Chlorite is dominant in the pressure shade of most of the clasts. There is an ill-defined compositional 
layering marked by chlorite-rich layers (S0 ). This S0 is folded and the axial planar foliation cross-cuts S0 at an oblique angle. 
The metamorphic grade is lower greenschist facies.    

Photomicrographs

Figure 5. Photomicrograph of sample 
TC20PGF061 showing plagioclase 
and other smaller feldspars and quartz 
in a quartz–sericite rich groundmass. 
Sericite defines the metamorphic 
foliation. Transmitted, cross-polarised 
light.
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Figure 6. Photomicrograph of sample 
TC20PGF061 showing K-feldspar and 
quartz clasts in a fine-grained quartz–
sericite groundmass. Sericite marks the 
foliation. Transmitted, cross polarised 
light.
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Sample ID: TC20PGF062
Hole ID: TDD01
Location: GDA94 Zone 53K, 393750mE, 7809700mN
Depth: 249.45 m
Rock Name (from thin section): Altered and sheared chlorite–actinolite schist with sulfide-bearing carbonate veins
Sample Information: Thin section / Polished section / Oriented section
Petrography: Visual estimate of modal mineral abundances

Mineral /phase Abundance 
(%) Origin/location Character

Quartz 30–40 quartz-rich layers (microlithons) 0.05–0.1 mm quartz in 1–2 mm thick microlithons

Chlorite 40–45 alteration of mafic mineral/s. 
metamorphism discontinuous mm-long chlorite lenses in the pelitic layers 

Actinolite 5–10 metamorphism 0.2–0.5 mm chlorite-altered blasts in the pelitic layers

Carbonate 3–5 alteration interstitial in the quartz-rich microlithons

Hematite 1 detrital? Or product of alteration 
of mafic minerals interstitial in the pelitic layers

Vein

Carbonate 98 mosaic of 0.2–1 mm carbonate grains

Pyrite 1–2 0.5–1 mm euhedral grains with inclusions in the core

Chalcopyrite Accessory

Hematite Accessory interstitial with chalcopyrite 0.1–0.5 mm patchy grains in 

Description

Texture, metamorphic grade, microstructure, mineral paragenesis

This sample represents a sheared mafic schist with strong carbonate and chlorite alteration. The rock is finely layered with 
microlithons, or psammitic layers, of 90–95%, 0.05–0.1 mm recrystallized quartz and minor chlorite; and layers with 80% 
chlorite and minor quartz, carbonate and hematite. The chlorite-rich layers (pelitic) occasionly have ~10%, 0.2–0.5 mm, 
subhedral, partially chlorite-altered actinolite. Hematite is finely disseminated throughout the entire rock. Carbonate 
alteration is manifested as veins and interstitial carbonate. The veins are mostly carbonate with 1–2%, 0.5–1 mm euhedral 
pyrite grains with minor amounts of chalcopyrite and hematite. Carbonate forms also as 0.2–0.5 mm interstitial grains in the 
more psammitic layers. The rock is strongly foliated and sheared; the carbonate veins are pre-kinematic. Metamorphic grade 
is difficult to assess as most of the rock seems to had an strong retrogression of amphiboles into chlorite.  

Photomicrographs

Figure 7. Scanned thin section. 
Transmitted light, plane polarisers.
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Figure 8. Photomicrograph of sample 
TC20PGF062 showing spaced foliation 
with chlorite dominant and actinolite 
in the cleavage domains and fine-
grained quartz–sericite–carbonate in 
the microlithons. Carbonate seems post-
kinematic. Transmitted, cross polarised 
light.

Figure 9. Photomicrograph of sample 
TC20PGF062 showing crenulation 
cleavage with chlorite dominant in the 
cleavage domains. Carbonate forms 
microlithons. Strained porphyroclasts of 
actinolite. Transmitted, plane-polarised 
light.
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Sample ID: TC20PGF063
Hole ID: TDD01
Location: GDA94 Zone 53K, 393750mE, 7809700mN
Depth: 304.4 m
Rock Name (from thin section): Quartz–sericite (–muscovite) phyllite
Sample Information: Thin section / Polished section / Oriented section
Petrography: Visual estimate of modal mineral abundances

Mineral /phase Abundance 
(%) Origin/location Character

Quartz 60–70 bulk of groundmass, 
clasts, and in veins

recrystallised clasts and vein; groundmass 5–10 µm, 
clasts 0.1–0.5 mm, and in vein 0.5–1 mm strained 
crystals. 

Sericite 
(Muscovite?) 30–35 in groundmass cleavage domains and defining the main C/S foliation

Feldspar 1–5 in groundmass weakly altered 0.1–0.5 mm clasts

Pyrite 1–2 in quartz veins and in 
groundmass

blocky agglomerates of pyrite in the centre of 
the strained veins and as 0.5–1 mm lenses in the 
groundmass

Description

Texture, metamorphic grade, microstructure, mineral paragenesis

The sample represents a porphyritic quartz–sericite (–muscovite) phyllite or schist. The fabric is characterized by mm-thick 
quartz-rich layers (microlithons) and sericite-rich layers, which most likely represents the primary layering (S0 ). There are 
20–30%, 0.1–0.5 mm, strained and elongated clasts of quartz. These clasts have typically cores of undulose extinction and 
rims of bulged (BLG) recrystallized quartz. There are minor amounts of 0.1–0.5 mm, weakly sericite-altered feldspar clasts. 
Sericite is abundant and defines the cleavage domains and a strong foliation sub-parallel to the layering. The quartz vein has 
pyrite and is strained. The metamorphic grade is low greenschist facies.  

Photomicrographs

Figure 10. Photomicrograph of sample 
TC20PGF063 showing quartz–sericite 
phyllite with large strained quartz lenses 
in a sericite–muscovite–quartz schist. 
Sericite–muscovite forms 40–50% 
volume of anastomosing gradational 
cleavage domains. Transmitted, cross-
polarised light.
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Figure 11. Photomicrograph of sample 
TC20PGF063 showing same as above 
with details on the recrystallised quartz 
porphyroclasts and spaced foliation. 
Transmitted, cross polarised light.
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Sample ID: TC20PGF064
Hole ID: TDD01
Location: GDA94 Zone 53K, 393750mE, 7809700mN
Depth: 348.8 m
Rock Name (from thin section): Chlorite (–serpentine?)–carbonate altered mafic/ultramafic rock
Sample Information: Thin section / Polished section / Oriented section
Petrography: Visual estimate of modal mineral abundances

Mineral /phase Abundance (%) Origin/location Character

Chlorite 80–90 groundmass light green to brown with grey interference colours; 
sometimes resembles serpentine 

Carbonate 5–10 alteration and veins patches in chlorite groundmass and in sulfide-bearing 
veins

Talc 1–5 in groundmass 0.2–0.5 mm patches of talc–carbonate in chlorite-rich 
background

Hematite 1–3 disseminated in 
groundmass 0.1–0.5 agglomerates of hematite in the chlorite

Quartz Accessory interstitial in groundmass

Carbonate veins

Sphalerite 20–30 with inclusions of chalcopyrite and pyrrhotite

Galena 5–10 with sphalerite 

Pyrite 20–30

Chalcopyrite 10–15

Pyrrhotite Bornite ? 5–10

Pentlandite ? 1–5 flame-like exsolution of pentlandite in pyrrhotite 

Description

Texture, metamorphic grade, microstructure, mineral paragenesis

This sample represents a strongly altered mafic or ultramafic rock. The bulk of the rock is chlorite, which sometimes resemble 
serpentine. Chlorite has up to 3–5%, 0.05–0.1 mm hematite inclusions. Carbonate and talc form finely disseminated patches 
in the chlorite groundmass, comprising up to 50% of the rock in parts. The sample is foliated; the foliation is marked by 
chlorite. This foliation is later than some of the carbonate alteration; however, some of the sulfide-bearing carbonate strings 
are apparently undeformed. 

Photomicrographs

Figure 12. Photomicrograph of sample 
TC20PGF064 showing pyrrhothite in 
dark-pink creamy colours composited 
with chalcopyrite (bronze colour) and 
flame-like texture pentlandite (left side). 
Granular and high relief whitish to light 
cream-coloured pyrite and interstitial 
grey galena (right side). Reflected, 
plane-polarised light.



19 NTGS Record 2021-006 

Figure 13. Photomicrograph of sample 
TC20PGF064 showing pyrrhothite (left 
side) in contact with sphalerite (dark 
grey). Sphalerite has pyrrothite and 
chalcopyrite inclusions (chalcopyrite 
disease?). Reflected, plane-polarised 
light.

Figure 14. Photomicrograph of sample 
TC20PGF064 showing galena–
sphalerite vein in carbonate. Sphalerite 
(dark grey) has chalcopyrite and galena 
inclusions. Reflected, plane-polarised 
light.

Figure 15. Photomicrograph of sample 
TC20PGF064 showing sphalerite (dark 
grey, left side) and granular pyrite 
(yellow, light cream, high relief) with 
interstitial pyrrhothite (pinkish cream 
colour) and chalcopyrite. Reflected, 
plane-polarised light.
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Figure 16. Photomicrograph of sample 
TC20PGF064 showing chalcopyrite 
(yellow bronze colour), pyrrhothite 
composited with flame-like textured 
pentlandite in contact with sphalerite 
(dark grey in the lower side of the 
image). Pyrite grains in the top side of 
the image. All sulfides hosted in quartz. 
Reflected, plane-polarised light.

Figure 17. Photomicrograph of sample 
TC20PGF064 showing pyrrhothite (pink 
creamy colours) chalcopyrite (bronze 
colour) and granular pyrite forming 
bands. Reflected, plane polarised light.
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Sample ID: TC20PGF065
Hole ID: TDD01
Location: GDA94 Zone 53K, 393750mE, 7809700mN
Depth: 369.2 m
Rock Name (from thin section): Chlorite (–serpentine?)–talc–carbonate altered mafic/ultramafic rock
Sample Information: Thin section / Polished section / Oriented section
Petrography: Visual estimate of modal mineral abundances

Mineral /phase Abundance 
(%) Origin/location Character

Chlorite 70–75 groundmass light green to brown with grey interference colours; 
sometimes resemble serpentine 

Talc 20–25 in groundmass in  mm long lenses and patches of talc–carbonate in chlorite-
rich background

Carbonate 10–20 alteration and veins patches in chlorite groundmass and in sulfide-bearing veins

Titanite accessory disseminated in 
groundmass 0.1–0.3 mm subhedral grains 

Hematite 1–3 disseminated in 
groundmass 0.1–0.5 mm agglomerates of hematite in the chlorite

Carbonate lens

Pyrite 90–95 euhedral 2–3 mm grains forming agglomerate

Chalcopyrite 1–5 interstitial and as inclusion in pyrite

Description

Texture, metamorphic grade, microstructure, mineral paragenesis

This sample represents a strongly altered mafic or ultramafic rock. The bulk of the rock is chlorite, which sometimes resemble 
serpentine, and talc. Chlorite–talc domains form a phlebitic fabric. Chlorite has up to 3–5%, 0.05–0.1 mm hematite inclusions. 
Fine-grained carbonate and talc form finely disseminated patches in the chlorite groundmass; they can form up to 50% of 
the rock in parts. Carbonate–talc-rich lenses are probably after total alteration of Mg-rich minerals. Pyrite agglomerates are 
in an obliterated and strained carbonate-rich lens. The sample has foliation defined by chlorite and talc. This foliation is later 
than some of the carbonate alteration. 

Photomicrographs

Figure 18. Photomicrograph of sample 
TC20PGF065 showing pyrite grains 
(opaques) in talc-rich matrix. Talc with 
high interference colours; chlorite in 
the right and top side with anomalous 
interference colours. Euhedral high 
relief titanite grains in talc. Transmitted, 
cross-polarised light.
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Figure 20. Photomicrograph of sample 
TC20PGF065 showing the detail of 
pyrite (yellow, creamy colour) and 
chalcopyrite (bronce colour, low relief) 
in a talc–chlorite groundmass. Pyrite 
has chalcopyrite inclusions. Reflected, 
plane-polarised light.

Figure 19. Photomicrograph of sample 
TC20PGF065 showing talc and 
chlorite (with opaque grains) forming a 
continuous foliation in the altered mafic-
ultramafic section. Transmitted, plane-
polarised light.
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Sample ID: TC20PGF066
Hole ID: TDD01
Location: GDA94 Zone 53K, 393750mE, 7809700mN
Depth: 422.8 m
Rock Name (from thin section): Carbonate-altered porphyritic actinolite basalt
Sample Information: Thin section / Polished section / Oriented section
Petrography: Visual estimate of modal mineral abundances

Mineral /phase Abundance 
(%) Origin/location Character

Plagioclase 50–60 groundmass and 
phenocrysts

0.05–0.1 mm ophiolitic texture forming a groundmass 
with 0.5–1 mm euhedral phenocrysts  

Actinolite 20–30 groundmass and 
phenocrysts 

same as plagioclase but larger amount of euhedral 
phenocrysts

Carbonate 20–25 veins ptygmatic veins and patches

Opaques 5–10 in groundmass finely disseminated in groundmass; most are semi-
translucent

Epidote/allanite 1–5 in groundmass typically in the carbonate-rich domains; anhedral 
50–100 µm grains with allanite core

Quartz accessory in groundmass interstitial in groundmass

Description

Texture, metamorphic grade, microstructure, mineral paragenesis

This sample represents an altered porphyritic actinolite basalt. The texture is clearly porphyritic with 70–75%, 0.5–2 mm, 
fresh euhedral actinolite phenocrysts and 25–30%, 0.5–1 mm, relatively fresh euhedral plagioclase phenocrysts in a fine-
grained amphibole–plagioclase–opaque groundmass. There are 1–2 mm carbonate-rich domains typically with one or two 
anhedral 50–100 µm epidote grains with allanite cores. Carbonate veining is pervasive in the rock and can represent up to 
20–30% of its volume. There is no clear foliation as in other (shallower) samples.

Photomicrographs

Figure 21. Photomicrograph of sample 
TC20PGF066 showing actinolite and 
plagioclase phenocrysts in a fine-
grained amphibole–plagioclase–opaque 
groundmass; carbonate veinlets in the 
left side of the image. Transmitted, 
cross-polarised light.
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Figure 22. Photomicrograph of sample 
TC20PGF066 showing similar to 
previous with details of carbonate 
replacing/pseudomorphing phenocrysts. 
Transmitted, cross-polarised light.
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Sample ID: TC20PGF067
Hole ID: TDD01
Location: GDA94 Zone 53K, 393750mE, 7809700mN
Depth: 478.93 m
Rock Name (from thin section): Carbonate–chlorite–actinolite altered porphyritic basalt
Sample Information: Thin section / Polished section / Oriented section
Petrography: Visual estimate of modal mineral abundances

Mineral /phase Abundance 
(%) Origin/location Character

Actinolite 70–75 groundmass and 
phenocrysts 

1–3 mm euhedral phenocrysts; possibly pseudomorphs after other pyroxene/
amphibole (metamorphic retrogression?). The needle-like actinolite is clear in 
the matrix or groundmass

Chlorite 8–10 groundmass 0.1–0.2mm interstitial in the groundmass and altering actinolite phenocrysts

Opaques 5–10 in groundmass finely disseminated in groundmass; most are semi-translucent (Ti-oxides?)

Epidote/allanite 1–5 in groundmass typically in the carbonate-rich domains; anhedral 50–100 µm grains with 
allanite core

Plagioclase accessory in groundmass few 100–200 µm long dusted laths of plagioclase

Sulfide-bearing carbonate veins

Carbonate 70–75 coarse grained carbonate

Pyrite/pentlandite? 20–15 pale yellow-creamy colour. High relief, high reflectance; orthogonal cleavage; isotropic.

Chalcopyrite 10–15 associated with the pyrite/pentlandite, typically rimming the Fe sulfides

Description

Texture, metamorphic grade, microstructure, mineral paragenesis

This sample represents the same rock than TC20PGF066, but the alteration is much stronger (plagioclase is almost completely 
altered to sericite and chlorite is more abundant) and there are sulfide-bearing carbonate veins. The texture is clearly porphyritic 
with 70–75%, 1–3 mm, fresh euhedral actinolite phenocrysts in a fine-grained amphibole–chlorite–opaque (– plagioclase) 
groundmass. The phenocrysts (20–30%) are completely replaced by carbonate (pseudomorphs). Plagioclase is rare. There 
are 1–2 mm carbonate-rich domains typically with one or two anhedral 50–100 µm epidote grains with allanite cores. There 
is a flow-banded foliation marked by the aligned semi-translucent opaques (Ti oxide?) in the groundmass that wraps around 
phenocrysts. Sulfide-bearing carbonate veining is pervasive in the rock and can represents up to 30–40% of its volume. The 
sulfides are mostly pyrite/pentlandite?, chalcopyrite and traces of hematite. 
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Photomicrographs

Figure 23. Photomicrograph of sample 
TC20PGF067 showing chalcopyrite 
(bronze colour, low relief) and fractured 
pentlandite? Reflected, plane-polarised 
light.

Figure 24. Photomicrograph of sample 
TC20PGF067 showing porphyritic 
actinolite and chlorite–carbonate 
altered/pseudomorphed phenocrysts 
in a fine-grained amphibole–chlorite–
opaque (–plagioclase) groundmass. 
Transmitted, cross-polarised light.
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Sample ID: TC20PGF068
Hole ID: TDD01
Location: GDA94 Zone 53K, 393750mE, 7809700mN
Depth: 481.6 m
Rock Name (from thin section): Brecciated and carbonate–chlorite–actinolite altered porphyritic basalt
Sample Information: Thin section / Polished section / Oriented section
Petrography: Visual estimate of modal mineral abundances

Mineral /phase Abundance 
(%) Origin/location Character

Actinolite 65–70 groundmass and 
phenocrysts 

1–3 mm euhedral phenocrysts; possibly pseudomorphs after other pyroxene/
amphibole (retrogression?). The needle-like actinolite is clear in the 
matrix or groundmass. About 20% of the phenocrysts are a mixture of 
actinolite+carbonate+epidote

Plagioclase? 20–25 in groundmass few 0.1–0.5 mm dusted phenocrysts of feldspar? totally replaced by sericite

Opaques 10–15 in groundmass finely disseminated in groundmass; most are semi-translucent (Ti-oxides?)

Epidote/allanite 5–10 in groundmass typically in the carbonate-rich domains; anhedral 100–200 µm grains 
sometimes with allanite core

Sericite accessory altering plagioclase

Chlorite accessory groundmass and veins 0.1–0.2 mm interstitial in the groundmass, altering actinolite phenocrysts and in 
the carbonate sulfide-bearing veins

Sulfide-bearing carbonate–quartz veins

Carbonate 65–70 coarse grained carbonate

Pyrite?/pentlandite? 20–15 pale yellow-creamy colour. High relief, high reflectance; orthogonal cleavage; Isotropic.

Chalcopyrite 10–15 associated with the pyrite/pentlandite, typically rimming the Fe sulfides

Quartz 1–5 interstitial with carbonate

Description

Texture, metamorphic grade, microstructure, mineral paragenesis

This sample represents the same rock as TC20PGF066 and TC20PGF067, but the alteration is much stronger (plagioclase is 
almost completely altered and chlorite is more abundant) and there are sulfide-bearing carbonate veins. The texture is clearly 
porphyritic with 70–75%, 1–3 mm, fresh euhedral actinolite phenocrysts in a fine-grained amphibole–chlorite–opaque 
(–plagioclase) groundmass. Phenocrysts (20–30%) are completely replaced by a mixture of actinolite+carbonate+epidote 
(pseudomorphs). Plagioclase? is completely replaced by sericite. There are 1–2 mm carbonate-rich domains typically with 
one or two anhedral 50–100 µm epidote grains with allanite cores. There is a discrete flow-banded foliation marked by the 
aligned semitranslucent opaques (Ti oxide?) in the groundmass that wraps around phenocrysts (shearing?). Sulfide-bearing 
carbonate–quartz domains represents the crackle breccia, which is pervasive in the rock and can represents up to 30–40% of 
its volume. The sulfides are mostly pyrite/pentlandite?, chalcopyrite and traces of hematite. 
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Figure 25. Photomicrograph of sample 
TC20PGF068 showing composited 
pentlandite (creamy colours and 
orthogonal fractures) with chalcopyrite 
(yellow and bronze colours) and larger 
clearer pyrite grains (lighter cream 
colours, high relief). Reflected, plane-
polarised light.

Figure 26. Photomicrograph of sample 
TC20PGF068 showing completely 
replaced phenocrysts in a fine-grained 
groundmass. Rounded phenocrysts 
replaced by chlorite (ex-olivine?) and 
tabular laths (plagioclase) altered to 
sericite–chlorite. Transmitted, cross-
polarised light.

Photomicrographs
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Sample ID: TC20PGF069
Hole ID: TDD01
Location: GDA94 Zone 53K, 393750mE, 7809700mN
Depth: 482.15 m
Rock Name (from thin section): Brecciated and carbonate–chlorite–actinolite altered porphyritic basalt
Sample Information: Thin section / Polished section / Oriented section
Petrography: Visual estimate of modal mineral abundances

Mineral /phase Abundance 
(%) Origin/location Character

Actinolite 65–70 groundmass and 
phenocrysts 

1–3 mm euhedral phenocrysts; possibly pseudomorphs after other pyroxene/amphibole 
(retrogression?). The needle-like actinolite is clear in the matrix or groundmass. About 
20% of the phenocrysts are a mixture of actinolite+carbonate+epidote

Plagioclase? 20–25 in groundmass few 0.1–0.5 mm dusted phenocrysts of feldspar? totally replaced by sericite

Opaques 10–15 in groundmass finely disseminated in groundmass; most are semi-translucent (Ti-oxides?)

Epidote/allanite 5–10 in groundmass typically in the carbonate-rich domains; anhedral 100–200 µm grains sometimes with 
allanite core

Sericite accessory altering plagioclase

Chlorite accessory groundmass and 
veins

0.1–0.2 mm interstitial in the groundmass, altering actinolite phenocrysts and in the 
carbonate sulfide-bearing veins

Sulfide-bearing carbonate–quartz veins

Carbonate 30–35 coarse-grained carbonate

Pyrite?/pentlandite? 20–15 pale yellow-creamy colour. High relief, high reflectance orthogonal cleavage; isotropic.

Chalcopyrite 10–15 associated with the pyrite/pentlandite, typically rimming the Fe sulfides

Quartz 20–35 interstitial with carbonate

Description

Texture, metamorphic grade, microstructure, mineral paragenesis

This sample represents the same rock as TC20PGF066–68 but with more quartz associated with the carbonate breccia, 
and a stronger shearing. The texture is clearly porphyritic with 70–75%, 1–3 mm, fresh euhedral actinolite phenocrysts in 
a fine-grained amphibole–chlorite–opaque (–plagioclase) groundmass. About 20–30% of the phenocrysts are completely 
replaced by a mixture of actinolite+carbonate+epidote (pseudomorphs); some are elongated with the foliation. Plagioclase? 
is completely replaced by sericite.  There are 1–2 mm carbonate-rich domains typically with one or two anhedral 50–100 µm 
epidote grains with allanite cores. There is a discrete flow-banded foliation marked by the aligned semitranslucent opaques (Ti 
oxide?) in the groundmass that wraps around phenocrysts (shearing?). Sulfide-bearing carbonate–quartz domains represents 
the crackle breccia, which is pervasive in the rock and can represent up to 50–60% of its volume. The sulfides are mostly 
pyrite/pentlandite? chalcopyrite and traces of hematite. 
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Figure 27. Photomicrograph of sample 
TC20PGF069 showing strained 
porphyritic basalt. Relatively unaltered 
actinolite phenocrysts, epidote–chlorite–
carbonate replaced phenocrysts, and 
composited chlorite–carbonate lenses 
and ribbons in a fine-grained amphibole–
chlorite–opaque (–plagioclase) 
groundmass. Transmitted, cross-polarised 
light.

Figure 28. Photomicrograph of sample 
TC20PGF069 showing quartz (grey 
colours), carbonate (high interference 
colours) and fine-grained epidote (yellow, 
high interference colours in the right side 
of the image). Opaques are mostly pyrite 
and chalcopyrite. Transmitted, cross-
polarised light. 

Photomicrographs
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Sample ID: TC20PGF070 and TC20PGF071
Hole ID: TDD01
Location: GDA94 Zone 53K, 393750mE, 7809700mN
Depth: 531.35 m for TC20PGF070 and 571.9 m for TC20PGF071)
Rock Name (from thin section): Glomeroporphyritic carbonate–chlorite–actinolite altered basalt
Sample Information: Thin section / Polished section / Oriented section
Petrography: Visual estimate of modal mineral abundances

Mineral /phase Abundance 
(%) Origin/location Character

Actinolite 65–70
groundmass, phenocrysts 
and in glomerophyritic 
texture

1–4 mm euhedral phenocrysts; possibly pseudomorphs after other pyroxene/
amphibole (retrogression?). The needle-like actinolite is clear in the 
matrix or groundmass. About 20% of the phenocrysts are a mixture of 
actinolite+carbonate+epidote

Plagioclase 20–25 in groundmass 0.1–0.5 mm laths of plagioclase and forming a ophitic texture with amphibole

Opaques 10–15 in groundmass finely disseminated in groundmass; most are semi-translucent (Ti-oxides?)

Epidote/allanite 5–10 in groundmass typically in the carbonate-rich domains; anhedral 100–200 µm grains sometimes 
with allanite core

Sericite accessory altering plagioclase

Chlorite accessory groundmass and veins 0.1–0.2 mm interstitial in the groundmass, altering actinolite phenocrysts and in 
the carbonate sulfide-bearing veins

Sulfide-bearing carbonate–quartz veins (~20%)

Carbonate 35–40 coarse grained carbonate

Pyrite?/Pentlandite? 30–40 pale yellow-creamy colour; high relief, high reflectance; orthogonal cleavage; isotropic.

Chalcopyrite 20–25 associated with the pyrite/pentlandite, typically rimming the Fe sulfides

Quartz 20–35 interstitial with carbonate

Description

Texture, metamorphic grade, microstructure, mineral paragenesis

These samples represents the same rock as TC20PGF066 –69. It is a glomerophyritic basalt with minor sulfide-bearing 
carbonate veins. The texture is clearly porphyritic with 70–75%, 1–3 mm, fresh euhedral actinolite phenocrysts in a fine-
grained amphibole–chlorite–plagioclase–opaque groundmass. There are 3–5 mm amphibole–chlorite glomerophyritic 
clusters. About 10% of the phenocrysts are completely replaced by a mixture of actinolite+carbonate+epidote (pseudomorphs). 
Plagioclase (20–25%) is fresh in this sample; clear 1–2 mm long laths of plagioclase phenocrysts are hosted in a groundmass of 
microphenocrysts of plagioclase and amphibole in ophitic texture. There are 1–2 mm carbonate-rich domains typically with 
one or two anhedral 50–100 µm epidote grains with allanite cores. There is an ill-defined flow-banded foliation marked by the 
aligned semitranslucent opaques (Ti oxide?) in the groundmass that wraps around phenocrysts (shearing?). Sulfide-bearing 
carbonate–quartz domains represents about 20% of the sample. The sulfides are mostly pyrite/pentlandite? chalcopyrite and 
traces of hematite. 
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Photomicrograph

Figure 29. Photomicrograph showing 
carbonate vein in an actinolite–chlorite 
rich groundmass. Transmitted, cross-
polarised light.
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