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EXTENDED ABSTRACT

Prospecting in 2013 to 2015 identified rift-related metasediments in the Mpande Dome area,
south of Lusaka, Zambia. The metasediments were thought to be comparable to the Roan Group
of the Katanga Supergroup within the Zambian Copperbelt and therefore prospective as a target
for sediment-hosted, stratiform copper mineralisation. The metasediments of this area, known

as Shantumbu, were last actively explored in the 1930 to 1960s’.

Shantumbu is approximately 30km south southeast of Lusaka, Zambia and lies on the northern
margin of the Mpande Dome which is south of the Mwembeshi Zone. The Shantumbu area is a
highly tectonised region as it is the convergence point of the Zambezi Belt, the Lufilian Arc and

Irumide Belt.

Simpson et al. (1963), Smith (1964), and Mallick (1966), classified the metasediments as
belonging to the Chunga and Cheta groups (Smith, 1964) or the Shamazio, Kafue and Cheta
groups (Mallick, 1966), of the Katanga Supergroup. In 2000, Porada and Berhorst proposed

correlation of the stratigraphy with the Katanga Supergroup in the Zambian Copperbelt.

For many decades, the lack of outcrop and exploration information and the effect of Pan African
deformation and high-grade metamorphism, impeded prospecting. The recent exploration
activities on Shantumbu, which included logging of cores, petrography, geochemical and
mineralogy, highlighted a fresh examination of the metasediments and the copper

mineralisation in this area were required.

This is the first detailed information in recent years on the metasediments around the Mpande
Dome. The result of the research has showed the adoption of the Roan Group stratigraphy of
the Katanga Supergroup, as it occurs in the Zambian Copperbelt, is proposed rather than the

nomenclature for metasediments forming part of the Zambezi Supracrustal Sequence.

An alternative stratigraphic classification to the nomenclature of the Chunga and Cheta
formation has been raised, indicating the metasediments north of the Mpande Dome are the
southernmost limit of the Roan Group in Zambia. It therefore appears the Proterozoic rift-
related terrigenous and marine sediments of the Katanga Supergroup are continuous from the

Central African Copperbelt southward to the Kafue area and Shantumbu.

The metasediments at Shantumbu progress from arenites and siltstones above what is
interpreted to be Kafue Rhyolite and Nazingwe metavolcanics. The metavolcanics cap the alkali

granites and gneisses of the Basement. The proportion of arenites deposited diminished and



gave way to siltstone-dominated units, which in turn gave way to carbonate and lesser siltstone
units. A marine transgression surface terminated the detrital units. The siliciclastic units below
the transgression surface correlate to the Mindola Formation. The dolomitic carbonate and
arenite units correlate with the Copperbelt Orebody Member of the Kitwe Formation, Roan
Group. Carbonates, and lesser siltstone and arenite units, deposited in a near-shore marine
environment overlie the Copperbelt Orebody Member, and correlated with the Kitwe
Formation. The youngest succession identified on Shantumbu comprised calcitic carbonates
deposited in a marine basin progressively starved of terrestrial sediments. The carbonates are

correlated with the Bancroft Member of the Kirilabombwe Formation.

Petrographic examination of the drill core, together with mineralogy studies and geochemical
analyses, have resulted in a contemporary account of the rift basin architecture in the
Shantumbu area to be presented. New insight into the depositional environments related to rift
initiation, climax and cessation, sulphide mineralisation, and oxic and anoxic conditions during

deposition, were obtained.

The geochemical characteristics and mineralogy indicate the metasediments were subjected to
a complex range of alteration and metasomatism. The alteration mineralogy and presence of
minerals such as glaucophane, epidote, albite and sphene, indicated the area was subjected to
low-temperature (250 - 400°C) and high-pressure metamorphism, that of epidote-amphibolite

facies, and retrograde metamorphosed to greenschist facies.

Potassic and sodic alteration is characteristic of the detrital lower successions and the upper
carbonate successions respectively. Alteration caused by diagenesis-compaction, dewatering of
the terrestrial sediments, and later stage remobilisation of potassic and sodium-bearing fluids.

Deformation of the area was related to the Pan African Orogeny.

Mineralisation on Shantumbu is associated with arenites capped by siltstone near the first
occurrences of dolomitic carbonate in the stratigraphy. Most copper deposits in the Zambian
Copperbelt are found within 200m of a marine transgression surface, within and adjacent to the
Copperbelt Orebody Member. The formation of stratabound base metal sulphides in the lower
detrital sequences versus the lack of base metal sulphides in the marine-dominated sequences,
suggests the base metals were sourced from the Basement units and transported via basinal

brines, rather than introduced from a magmatic origin.

The copper sulphides intersected in drill core at Shantumbu, and the copper oxides which crops

out, are comparable to the sediment-hosted, stratiform copper deposits of the Zambian



Copperbelt, and other sediment-hosted, stratiform copper occurrences globally, such as White
Pine in Michigan, the Zechstein Basin in Europe, Spar Lake in Montana, the copper occurrences
in Namibia and Botswana on the Kalahari Craton, and the Mangula and Mhangura deposits in

Zimbabwe.

The continuation of the metasediments from Shantumbu north through the Chongwe
Copperbelt and the southerly termination of the Roan Group on the northern margin of the
Mwembeshi Zone, strengthens the argument that Shantumbu is contiguous with the Roan
Group of the Katanga Basin. The age of the Kafue Rhyolite and Nazingwe formations in the
Mpande Dome region, have been age dated at 879 + 19 Ma (Hanson et al., 1994; Selley et al.,
2005; Johnson et al., 2007), which has provided further support that Shantumbu is part of the
Neoproterozoic Katanga Basin system, rather than the older rift systems to the south of Zambia,

such as the Zambezi Belt or the Magondi Mobile Belt.

The examination of the metasediments on Shantumbu has shown that further research would
advance the understanding of the rift basin stratigraphy and related sediment-hosted,
stratiform copper mineralisation. Such research topics include the investigation of the presence
of metavolcanics on the northern margin of the Mpande Dome and the Kafue Rhyolite and
Nazingwe Formation hosting copper sulphides, and a comparison and correlation, or otherwise,

of the metasediments comprising the Chongwe Copperbelt to the Shantumbu metasediments.
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quartz and lesser K-feldspar displaying sutured boundaries, grain bulging and distorted lattices. A quartz

plagioclase vein cross-cuts across the minerals (H08303 from PSHO09 at a depth of 73.57m). (b) Sericitic

X



matrix hosting remnant and highly altered arenite (H08297 from PSHOQ9 at a depth of c. 79m). All images
[Ta I el oI oo =Y F=To I L= o} F SRS 71
Figure 5-5. Albitised breccia with elongated plagioclase grain demonstrating Carlsbad twinning, Sequence 2,
Shantumbu. Sample E2180 from drill hole SPADLS. .........coociiiiiiiiiiieie ettt 72
Figure 5-6. Dolomitic breccia of Sequences 3 and 4, Shantumbu. (a) Plagioclase and feldspar grains within a
matrix of carbonate (H08307 from PSHOO7 at a depth of 118.35m). (b) Fragments of plagioclase cemented
by interstitial dolomite (H08307 from PSHO07 at a depth of 118.35m). All images in cross polarised light.

Figure 5-7. Brecciated siltstone from Sequence 5, Shantumbu, facies 5b composed of microcrystalline biotite,
dolomite, plagioclase, K-feldspar, quartz, scapolite and calCite.........ccceeiiiieeiciiiie e 74
Figure 5-8. The mineralogy of the siltstone breccias is dominated by plagioclase, quartz, biotite, K-feldspar, and
calcite, Sequence 5, Shantumbu. (a) Sulphide-bearing vein hosted by calcite and biotite-bearing brecciated
siltstone — plane polarised light. Sample E2270B plane polarised light (200um) (PSHOO3 at a depth of c.
180m). (b) Sulphide-bearing vein hosted by calcite and biotite-bearing brecciated siltstone-cross polarised
light. Sample E2270B cross polarised light (200um) (PSHO03 at a depth of c. 180m). (c) Brecciated siltstone
dominated by biotite clasts (core sample). Sample E2271C plane polarised light (200um) (PSHO03 at a depth
of c. 180m). (d) and (g) Disseminated sulphides hosted by calcite and biotite-bearing brecciated siltstone -
plane polarised light. (d) Sample E2270C cross polarised light (200um) (PSHO03 at a depth of c. 175m). (g)
Sample E2260 cross polarised light (500um) (PSH003). (f) Brecciated siltstone dominated by biotite clasts
(core sample). Sample E2271B cross polarised light (200um) (PSHO03 at a depth of c. 175m). (e) (h) and (j)
Disseminated sulphides hosted by calcite and biotite-bearing brecciated siltstone - cross polarised light. (e)
Sample E2271B plane polarised light (200um) (PSHOO03 at a depth of c. 180m). (h) Sample E2257 cross
polarised light (500um) (PSHOO03 at a depth of c. 165m). (i) and (l) Brecciated siltstone domainted by biotite
clasts (core sample). (i) Sample E2271B cross polarised light (200um) (PSHOO3 at a depth of c. 180m). (1)
Sample E2271 (PSHO03 at a depth of c. 180m). (k) Interlocking and anhedral plagioclase. Sample E2270
(PSHOO03 at a depth of c. 175m). (j) Sample E2270B cross polarised light (200um) (PSHOO3 at a depth of c.
175m). (m) Sample E2271B (PSHOO03 at a depth of c. 180M). ...ccoociiieiiiiiieeiee e 75
Figure 5-9. Rhythmic banding of carbonate and siltstone/mudstone in Sequence 5, facies 5¢, Shantumbu; quarter
core sample E2181 from SPAQ018 at an approximate depth of 86m. ........ccccceevciieieccii e, 76
Figure 5-10. Mineralogy of the rhythmite bands - Sequence 5, facies c. Shantumbu (a) Garnet, calcite and
aegirine phenocrysts; plane polarised light. Sample E2213A plane polarised light (200um) (SPA015). (b)
Garnet, calcite and aegirine phenocrysts; cross polarised light. Sample E2213A cross polarised light (200um
at a depth of c. 30m) (SPA015). (c) Inclusion of chlorite grains within coarse-grained aegirine; plain polarised
light. E2213B plane polarised light (200um) (SPA015 at a depth of c. 30m). (d) Inclusion of chlorite grains
within coarse-grained aegirine; cross polarised light. E2213B cross polarised light (200um) (SPA015 at a
depth of c. 30m). (e) Rounded grains of amphibole and quartz within a calcite matrix; plane polarised light.
E2213C plane polarised light (200um) (SPAQ015 at a depth of c. 30m). (f) Rounded grains of amphibole and

quartz within a calcite matrix; cross polarised light. E2213C cross polarised light (200um) (SPA015 at a depth
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of c. 30m). (g) Sulphides along the contact between the siltstone and calcite layers; the siltstone layer
consists of coarse-grained and fragmented aegirine; plane polarised light. E2213D plane polarised light
(200um) (SPA015 at a depth of c. 30m). (h) Sulphides along the contact between the siltstone and calcite
layers; the siltstone layer consists of coarse-grained and fragmented aegirine; cross polarised light. E2213D
cross polarised light (200um) (SPA015 at a depth of c. 30m). (i) Sutured boundaries between grains of calcite
and quartz with sulphides; plane polarised light. E2213D Plane polarised light (200um) (SPA015 at a depth
of c. 30m). (j). Sutured boundaries between grains of calcite and quartz with sulphides; cross polarised light.
E2213D cross polarised light (200um) (SPA015 at a depth of c. 30m). (k) Deformed and metamorphosed
rhythmite core sample from Sequence 5, facies c, denoting the fragmented siltstone layers and carbonate
layers. E2213A plane polarised light (200um) (SPA015 at a depth of c. 30m). (I) Rounded grains of albite,
hornblende, and quartz within matrix of calcite. Saussuritisation (epidote) is present in the upper right
corner of the plan polarised thin section photomicrograph. E2213A cross polarised light (200um) (SPA015
at a depth of c. 30m). (m) Rounded grains of albite, hornblende, and quartz within matrix of calcite.
Saussuritisation (epidote) is present in the upper right corner of the cross polarised thin section
photomicrograph. E2213D plane polarised light (200um) (SPA015 at a depth of c. 30m). (n) Rounded grains
of albite and sulphides within matrix of calcite. Saussuritisation (epidote) is present in the lower left corner
of the plan polarised thin section photomicrograph. E2213D cross polarised light (200um) (SPA015 at a
depth of c. 30m). (o) Rounded grains of albite and sulphides within matrix of calcite. Saussuritisation
(epidote) is present in the lower left corner of the plan polarised cross section photomicrograph. facies 5c¢
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Figure 5-11. The well-developed schistosity imparted by the phyllosilicate mica grains interspersed by various
minerals such as epidote, plagioclase and amphibole in Sequence 5, facies ¢, Shantumbu (a) Elongated
quartz grains in the direction of the biotite and muscovite foliation; plane polarised light. Sample E2224A
plane polarised light (200um) (SPAO33A at a depth of c. 85m). (b) Elongated quartz grains in the direction
of the biotite and muscovite foliation; cross polarised light. Sample E2224A cross polarised light (200um)
(SPAO33A at a depth of c. 85m). (c) Interstitial sulphides, granoblastic quartz and calcite to biotite and
muscovite; plane polarised light. Sample E2224 plane polarised light (200um) (SPAO33A at a depth of c.
85m). (d) Interstitial sulphides, quartz and calcite to biotite and muscovite; cross polarised light. Sample
E2224A cross polarised light (200um) (SPA033A at a depth of c. 85m). (e) Polycrystalline to monocrystalline
quartz grains; plane polarised light. Sample E2221A plane polarised light (200um) (SPAO33A at a depth of
c. 115m). (f) Polycrystalline to monocrystalline quartz grains; cross polarised light. Sample E2221A cross
polarised light (200um) (SPA033A at a depth of c¢. 115m. (g) Interstitial plagioclase and amphiboles to the
foliation imparted by biotite and muscovite; plane polarised light. Sample E2221B (200um) (SPAO33A at a
depth of c. 115m). (h) Interstitial plagioclase and amphiboles to the foliation imparted by biotite and
muscovite; cross polarised light. Sample E2221B cross polarised light (200um) (SPA033A at a depth of c.
115m). (i) Orthomylonitic fabric dominated by quartz and calcite grains. Quartz displays pressure shadows;
plane polarised light. Sample E2221B plane polarised light (200um) (SPA033A at a depth of c. 115m). (j)

Orthomylonitic fabric dominated by quartz and calcite grains. Quartz displays pressure shadows; cross
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polarised light. Sample E2221B cross polarised light (200um) (SPAO33A at a depth of c. 115m). (k) and (l)
Closely-spaced rhythmite bands of facies 5c; core samples. (k) Sample E2224 (SPAOO3A at a depth of c. 85m.
() Sample 2221A (SPAO33A at @ depth of €. 115M)...uuuiiieiiiieeciiee e e st e e e e e e nre e e sereeeeas 81
Figure 5-12. Brecciated arenite of Sequence 5, facies ¢, Shantumbu. (a) Sutured boundaries of epidote grains.
Quartz and goethite occur interstitial to the larger epidote grains; plane polarised light. Sample E2225 plane
polarised light (SPAO33A at a depth of c. 36m). (b) Sutured boundaries of epidote grains. Quartz and
goethite occur interstitial to the larger epidote grains; cross polarised light. Sample E2225 cross polarised
light (SPAO33A at a depth of c. 36m). (c) Pervasive goethite within a sample dominated by muscovite and
epidote; plane polarised light. Sample E2225 plane polarised light (SPA033A at a depth of c. 36m). (d)
Pervasive goethite within a sample dominated by muscovite and epidote; cross polarised light. Sample
E2225 cross polarised light (SPAO33A at a depth of c. 36m). (e) Aegirine and quartz within the penetrative
fabric stemming from the presence of micas; plane polarised light. Sample E2220 plane polarised light
(SPA033A). (f) Aegirine and quartz within the penetrative fabric stemming from the presence of micas; cross
polarised light. Sample E2226 cross polarised light (SPQ002 at a depth of c. 95m). (g) Brecciated arenite of
Sequence 5, facies c; core sample. Sample E2226 (SPQ002 at a depth of c. 95m). (h) Pervasive alteration to
goethite in brecciated sample from Sequence5, facies c; core sample. Sample E2226 (SPQ002 at a depth of
C. 95m). All SAMPIES Are At 200IUM. ..oiiiiiiiee e iieeeeeeie e e eette e e et e e e este e e e e taeeestaeeeesstaeeeesteeessseseasstaeesassaeesansenas 82
Figure 5-13. SEM data for sample E2213B (SPA015 at a depth of c. 30m) for Sequence 5, facies ¢, Shantumbu.
(a) Thin section showing Points 1 to 5. (b) Backscattered electron image with locations of the eleven spectra;
Ap — apatite, Pyr - pyrrhotite. (c) Half core sample from which the thin section was derived. (d) Mineral
spectrum for apatite. (e) Mineral spectrum for pyroxene. (f) Mineral spectrum for pyrite/pyrrhotite. (g)
Mineral SPectrum fOr CAICITE. .....iiiiiiiieeie et sttt st e st e st e e e sbeeeanee s 85
Figure 5-14. SEM data for sample E2213B (SPA015 at a depth of c. 30m) for Sequence 5, facies ¢, Shantumbu.
(a) Thin section showing Points 1 to 5. (b) Backscattered electron image with locations of the eight spectra;
Ae — aegirine, Bio — biotite, Zr - zircon. (c) Half core sample from which the thin section was derived. (d)
Mineral spectrum for pyroxene. (e) Mineral spectrum for mica/biotite. (f) Mineral spectrum for zircon. . 86
Figure 5-15. SEM data for sample E2213B (SPA015 at a depth of c. 30m) for Sequence 5, facies ¢, Shantumbu.
(a) Thin section showing Points 1 to 5. (b) Backscattered electron image with locations of the eleven spectra;
Ae — aegirine, Qtz — quartz, Pyr - pyrite. (c) Half core sample from which the thin section was derived. (d)

Mineral spectrum for quartz. (e) Mineral spectrum for pyrite/pyrrhotite. (f) Mineral spectrum for pyroxene.

Figure 5-16. SEM data for sample E2213B (SPA015 at a depth of c. 30m) for Sequence 5, facies ¢, Shantumbu.
(a) Thin section showing Points 1 to 5. (b) Backscattered electron image with locations of the nine spectra;
Ap — apatite, Cal — calcite, Pyx - pyroxene. (c) Half core sample from which the thin section was derived. (d)
Mineral spectrum for calcite. (e) Mineral spectrum for zircon. (f) Mineral spectrum for pyroxene. (g) Mineral
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Figure 5-17. SEM data for sample E2213B (SPA015 at a depth of c. 30m), for Sequence 5, facies ¢, Shantumbu.

(a) Thin section showing Points 1 to 5. (b) Backscattered electron image with locations of the nine spectra
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Gar — garnet, Cal — calcite, Zr - zircon, and Alb - albite. (c) Half core sample from which the thin section was
derived. (d) Mineral spectrum for garnet. (e) Mineral spectrum for zircon. (f) Mineral spectrum for biotite.
(8) Mineral Spectrum fOr @lDItE. .....uii i e e e e e e e e st e e e e eate e e esnaeeesnreeeans 89
Figure 5-18. SEM data for sample E2213C (SPA015 at a depth of c. 30m), for Sequence 5, facies ¢, Shantumbu.
(a) Thin section showing Points 1 to 4. (b) Backscattered electron image with locations of the eight spectra.
(c) Half core sample from which the thin section was derived. (d) Mineral spectrum for zircon. (e) Mineral
spectrum for omphacite/pyroxene/hedenbergite/augite. (f) Mineral spectrum for calcite inclusion in
omphacite/pyroxene/hedenbergite/augite. (g) Mineral spectrum for iron-rich mica. OMP — omphacite.. 90
Figure 5-19. SEM data for sample E2213C (SPA015 at a depth of c. 30m), Sequence 5 facies c, Shantumbu. (a)
Thin section showing Points 1 to 4. (b) Backscattered electron image with locations of the eleven spectra.
(c) Half core sample from which the thin section was derived. (d) Mineral spectrum for garnet. (e) Mineral
spectrum for aegirine-augite. Gar — garnet; Cal — calcite; Ae —aegirine. ....ccccoecveeieciei e 91
Figure 5-20. SEM data for sample E2213D. SPAQ15 at a depth of c. 30m, Sequence 5 facies ¢, Shantumbu. (a)
Backscattered electron image with locations of the eight spectra. (b) Mineral spectrum for calcite. (c)
Mineral spectrum for aegirine/augite. Alb — albite; Ae — aegirine; Bio — biotite........cceeevvererervneccecene, 92
Figure 5-21. SEM data for sample E2213D (SPA015), Sequence 5 facies ¢, Shantumbu. (a) Backscattered electron
image with locations of the five spectra. (b) Mineral spectrum for barite. (c) Mineral spectrum for
aegirine/augite. Bar — barite; A€ — @BGIMNE. .. .cciviei ittt te sttt et e s aestesbesreeneeneenneneens 92
Figure 5-22. SEM data for sample E2213D (SPAO015 at a depth of c. 30m), Sequence 5, facies ¢, Shantumbu. (a)
Backscattered electron image with locations of the seven spectra. (b) Mineral spectrum for garnet. (c)
Mineral spectrum for zircon. Ga — garnet; A —aegIrNe. .....cceeveiriiieriie i 93
Figure 5-23. SEM data for sample E2213D, Sequence 5, facies c, Shantumbu. (a) Backscattered electron image
with locations of the ten spectra. (b) Mineral spectrum for pyrite/pyrrhotite. (c) Mineral spectrum for
ankerite. Ap — apatite; Ank — ankerite; PYr — PYIite. ..eoiii it 93
Figure 5-24. SEM data for sample E2213D (SPAO015 at a depth of c¢. 30m), Sequence 5, facies ¢, Shantumbu. (a)
Backscattered electron image with locations of the ten spectra. (b) Mineral spectrum for hornblende. (c)
Mineral spectrum for aegirine-augite. Cal — calcite; Hrn —hornblende. ........ccccoooieiiiieii s 94
Figure 5-25. Granoblastic mosaic texture of the arenite in Sequence 6, Shantumbu, illustration of core from drill
NOIE SPAD27 ...ttt s st Rt Rt et et a e R e R R e r e e n e e ne e saeenee 95
Figure 5-26. Pervasive goethite alteration within brecciated arenite of Sequence 6 Shantumbu, core sample
(SPAOLS; drill COre Size iS NQY). ..uuveeeieeiieiiireeeeeeeeeiiittrreeeeeeeettrrreeeeeesesbarreeeeeeseasssraeseeessessssraesseessenssssreseeeesenes 95
Figure 5-27. Coarse-grained sodalite pervasive through the brecciated arenite of Sequence 6, Shantumbu core
sample (SPA018; drill core size is BQ; depth at €. 312M). c.cuviiieiiiii e et 96
Figure 5-28. Alteration types and minerals within arenite of Sequence 6, Shantumbu. (a) Microcrystalline quartz.
Sample E2240 plane polarised light (200um) (SPQ002 c. 270m depth). (b) Microcrystalline quartz. Sample
E2240 cross polarised light (200um) (SPQ002c. 270m depth). (c) Undulose extinction within quartz grains;
plane polarised light. Sample 2212 plane polarised light (200um) (SPA015). (d) Undulose extinction within
quartz grains; cross polarised light. Sample E2212 cross polarised light (200um) (SPA015). (e) Brecciated
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arenite core sample of Sequence 6. Sample E2240 (SPQO02 at c. 270m depth). (f) Sphene within
recrystallised quartz; plane polarised light. Sample E2205 plane polarised light (100um) (SPA015. c. 90m
depth). (g) Sphene within recrystallised quartz; cross polarised light. Sample E2205 cross polarised light
(100um) (SPA015c. 90m depth). (h) Altered feldspar and albite twinning; plane polarised light. Sample
E2215A plane polarised light (200um) (SPA015 at c. 160m depth). (i) Alteration products albite, orthoclase,
and biotite; cross polarised light. Sample E2215A cross polarised light (200um) (SPA015 at c. 160m depth).
(j) Albitisation; cross polarised light. Sample E2205 plane polarised light (200pum) (SPA015 at c. 90m depth).
(k) Albitisation; cross polarised light. Sample E2205 cross polarised light (200um) (SPA015 at c. 90m depth).
() Pervasive iron oxide alteration of arenite within Sequence 6; core sample. Sample 2232 (SPQ002 SPA015
at c. 245m depth). (m) Sample E2243 plane polarised light (200um) (SPA027c. 350m depth). (n) Sample
E2243 cross polarised light (200um) (SPA027 c. 350mM depth).....cceeviieiieiinierie et 97
Figure 5-29. The chessboard twining of albite (upper right corner) and presence of clinopyroxene are indicative
of sodic alteration within Sequence 6, Shantumbu. Thin section is cross-polarised light of Sample E2243B
from SPAD27 at @ depth Of €. 370M . ..eiiiiiiiiii ettt st st e st e b e eanee s 98
Figure 5-30. Alteration types and minerals within siltstones of Sequence 6, Shantumbu. (a) Foliation within
rhythmite; elongated biotite grains with interstitial quartz and calcite and glaucophane. Preferred
orientation of subhedral quartz and glaucophane grains in arenite layer adjacent to siltstone layer; plane
polarised light. Sample E2243 plane polarised light (200um) (SPA027 at a depth of c. 346m). (b) Foliation
within rhythmite; elongated biotite grains with interstitial quartz and calcite and glaucophane. Preferred
orientation of subhedral quartz and glaucophane grains in arenite layer adjacent to siltstone layer; cross
polarised light. Sample E2243 cross polarised light (200um) (SPA027 at a depth of c. 346m). (c)
Clinopyroxene, feldspar, microcline, and biotite alteration minerals within siltstone; plane polarised light.
Sample E2243 plane polarised light (200um) (SPA027 at a depth of c. 346m). (d) Clinopyroxene, feldspar,
microcline, and biotite alteration minerals within siltstone; cross polarised light. Sample E2243 cross
polarised light (200um) (SPA027 at a depth of c. 346m). (e) Hematite laths along grain boundaries between
feldspar and quartz; plane polarised light. Sample E2207 cross polarised light (200um) (SPA015). (f)
Hematite laths along grain boundaries between feldspar and quartz; cross polarised light. Sample E2207
cross polarised light (SPA015 at a depth of c. 90m). (h) Siltstone and quartz-glaucophane lamination; core
sample. Sample position for a and b indicated on sample. Sample E2243 (SPA027 at a depth of c. 346m). (g)

Siltstone and quartz-glaucophane lamination; core sample. Sample E2207 (SPA015 at a depth of c. 90m).

Figure 5-31. Siltstone layers made up of biotite and aegirine, displaying tight folding (a and b) Sequence 7,
SNANTUMBUL 1.ttt st e s st e st e s st e e sab e e s it e e sabeesabeesabeesanee s 100
Figure 5-32. Irregular annealed and sutured grain boundaries of quartz grains; Sequence 7, Shantumbu. (a), (c)
and (e) Illustrations in plane polarised light. (b), (d), and (f) Illustrations in cross polarised light. (g) Blue-
white carbonate of Sequence 7; core sample. Sample E2239 (SPQ002 at a depth of c. 40m). (h). White
carbonate of Sequence 7; core sample. Sample E2238 (SPQO002 at a depth of c. 40m). (a) Sample E2238
plane polarised light (200um) (SPQO002 at a depth of c. 40m). (b) Sample E2238 cross polarised light (200um)
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(SPQ002 at a depth of c. 40m). (c) Sample E2231 plane polarised light (200um) (SPQ002 at a depth of c.
220m). (d) Sample E2231 cross polarised light (200pum) (SPQO02 at a depth of c. 220m). (e) Sample E2227A
plane polarised light (200um) (SPQO02 at a depth of c. 110m). (f) Sample E2227A cross polarised light
(200pum) (SPQO02 at @ depth Of €. L10M). .eiicuiiiiieciie e eiee ettt e eree et e et saee e sbe e e steeebaeessaeebaeenseeenes 101
Figure 5-33. Alteration processes identified in Sequence 7, Shantumbu. (a) Rounded sphene crystals, relict
amphibole, strained and recrystallised calcite; plane polarised light. Sample E2227B plane polarised light
(200um) (SPQO02 at a depth of c. 110m). (b) Rounded sphene crystals, relict amphibole, strained and
recrystallised calcite; plane polarised light. Sample E2227B cross polarised light (200um) (SPQ002 at a depth
of c. 110m). (c) Relict amphibole, alteration to goethite, and sulphides replacing epidote; plane polarised
light. Sample E2227C plane polarised light (200um) (SPQ002 at a depth of c. 110m). (d) Relict amphibole,
alteration to goethite, and sulphides replacing epidote; cross polarised light. Sample E2227C cross polarised
light (200um) (SPQO02 at a depth of c. 110m). (e) Sphene microlets accompanied by calcite, quartz, and
deformed epidote; plane polarised light. Sample E2238 plane polarised light (200um) (SPQ002 at a depth
of c. 40m). (f) Sphene microlets accompanied by calcite, quartz, and deformed epidote; cross polarised
light. Sample E2238 cross polarised light (200um) (SPQ002 at a depth of c. 40m). (g) Sub-hederal epidote
grains with matrix of calcite, quartz, and plagioclase; plane polarised light. Sample E2230 plane polarised
light (200um) (SPQOO02 at a depth of c. 200m). (h) Sub-hederal epidote grains with matrix of calcite, quartz,
and plagioclase; cross polarised light. Sa