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Introduction

Thank you for participating in the 3rd WHEEL Symposium in Johannesburg.
This event consists of two days of oral presentations (December 5-6) and a four-
day field excursion (December 7—10). As this is the third symposium, many
familiar faces are likely present. Let’s ensure everyone’s safety throughout the

event.
Purpose of WHEEL
I. Understanding Large-Scale Tectonics and Environmental Changes

Prioritizing research and sample collection in areas with well-preserved strata
from a particular era is crucial. Geological reconstruction of “fresh outcrop
records and rock samples” combined with high-precision chemical analysis
allows us to decipher environmental change records. Understanding Earth’s
history requires a comprehensive grasp of diverse local geology to reconstruct a
global narrative. It is vital to collaborate with regions that host these outcrops,
exchanging opinions and progressing toward a deeper understanding of Earth’s
history. Through discussions and joint research, we aim to lead the field of
environmental reconstruction research through Earth’s history.

2. Fostering Training of Young Researchers
In recent years, geology, especially research focused on fieldwork, has faced
challenges such as inefficiency in labor and paper writing, and a lack of time
within university education. This has resulted in a shortage of young
researchers. To address this:

Developing Field Data Collection Skills: Young researchers should be
actively sent to partner countries to acquire practical fieldwork skills at
globally significant sites, skills that are difficult to obtain solely through
current university education.

Training in Chemical and Age Data Analysis: There is a need to nurture
researchers capable of analyzing and interpreting chemical and chronological
data from crucial samples.

Additionally, we aim to enhance research skills for both parties by fostering
communication among young researchers from various countries and by holding
symposiums to build the foundation for future international scientific collaboration.

This symposium marks the third, following those held in Kochi and Cairo. As it is
the final year, we hope it will lead to further advancements in research. We
sincerely thank the participants from Egypt and South Africa for their invaluable
cooperation.
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Arrival

O.R. Tambo international Airport Arrival place.

You should wait near the statue in the arrivals hall if you are being picked up. The
statue is of Oliver Tambo.
o He was a key figure in the fight against apartheid in South Africa, and the airport

is named in his honor.



« Currency Exchange Locations:
= In this hall (banks and ATMs available).
= ATMs near the hotel and in the supermarket district.
o Current Exchange Rates (for 100R):
« USD: $5.5-%5.6
= Japanese Yen: ¥830
= Ghanaian Cedi: 86 GHS
=  Egyptian Pound: 274-275 EGP
o Payment Methods:

= Credit cards are widely accepted in many locations.

. Locations

Red line shows to go the Agterplaas Guesthouse.
Pick line shows to go UJ (Geology department)

Map around conference area and U]



1) Accommodation Dec 4-10th

Agterplaas Guesthouse
66 6th Avenue
Email: agterplaas@agterplaas.co.za

Guesthouse entrance, outside garden terrace.

Kitchin and rooms. Twin rooms with bathroom.

2) Meals

Breakfast is included, but Dinner is not included, so please prepare
your own meals using supermarkets, restaurants, etc. A refrigerator is available,
so you can buy supplies at a nearby supermarket.

Lunch will be prepared at a nearby restaurant. Please look forward to it!
There is a nice Italian restaurant nearby where you can enjoy delicious pizza.

Alternatively, a shopping mall with a
large supermarket called Pick n Pay is about a
10-minute walk away. You can have meals at a
reasonable cost there. (Please make sure to
return to the venue on time.)

While walking around the neighborhood


mailto:agterplaas@agterplaas.co.za

of the conference venue and the shopping mall is relatively safe during the
daytime, you should avoid carrying and displaying valuables or a laptop

computer.

3) Venue

The symposium venue is about a 15-minute walk (1.1 km) away from
the Agterplaas Guesthouse and is managed by the Johannesburg Business
School. It’s a large venue shared with other groups, so please be mindful. On
the day of the event, the location of the lecture rooms will be provided at the
entrance.

For your presentations, please bring your PowerPoint files on a USB drive.
We will transfer the data to the venue's computer in advance. For safety reasons,

we do not recommend carrying personal computers with you.

Johannesburg Business School entrance gate and lobby.

4) Field Excursion
A separate guidebook will be distributed for the field excursion. Lunch

will take place in small restaurants and in the form of picnics in the field. Besides
the usual field gear please bring your own refillable water bottle. Tap water in
Johannesburg is safe to drink — we will not provide bottled water.

5) Departure
Return flights will be discussed on-site. For those with early morning
tlights, arrangements will be made accordingly.



6) Climate
Currently, the lowest temperature is 11° C and the highest is 26° C due

to a cold front. However, according to weekly forecasts, on the 6th,
temperatures are expected to range from a minimum of 19° C to a maximum
of 33° C. It is already summer, so there might be occasional showers. As it is

inland, the temperature difference can be significant.

CEC

WHEEL PJ
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FACTORS RESPONSIBLE FOR WITWATERSRAND GOLD

MINERALIZATION

Axel Hofmann

Department of Geology, University of Johannesburg, Johannesburg, South Africa.

ahofmann@uj.ac.za

The exceptional gold mineralization in quartz
pebble conglomerates of the Witwatersrand Basin is
attributed to a combination of factors. These factors
are linked to the co-evolution of the atmosphere,
hydrosphere, lithosphere and biosphere, at a very
specific time in Archaean geological history and the
evolution of the Kaapvaal Craton. Following craton
stabilization and its subaerial emergence, intense
chemical weathering and erosion of large volumes of
granitoid-greenstone basement released detrital and
dissolved gold. Shallow-marine reworking in a long-
lived and slowly subsiding basin subjected to
episodic compressional deformation and relative
sea-level  oscillations led to sedimentary
concentration of detrital gold. The interaction
between acidic, anoxic, and sulfurous surface runoff
and more oxidizing marine waters in a near-coastal
oxygen oasis supported microbially mediated
diagenetic pyrite formation and incorporation of
dissolved gold in the pyrite crystal lattice. Erosion
and reworking of diagenetic pyrite gave rise to
detrital pyrite that characterize most reefs.
Abundance of detrital uraninite in conglomerates,
derived from erosion of Mesoarchaean granites, and
episodes of hydrocarbon migration through
sedimentary strata during deep burial set the scene
for further enhancement of gold grades in the reefs.
Granular and seam pyro-bitumen formed by
radiation-induced polymerization of hydrocarbons
around detrital uraninite. Gold dissolved in
migrating hydrothermal fluids was then reduced and
precipitated upon interaction with the reef pyro-
bitumen during hydrothermal placer modification.

PW 2024, University of Johannesburg, South Africa
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INVESTIGATION OF THE NEOARCHAEACH CARBONATE PLATFORM
FORMATION AND DIAGENESIS: A CASE STUDY OF THE LIME ACRES
MEMBER IN THE CAMPELLRAND SUBGROUP, GRIQUALAND WEST
SUB-BASIN, TRANSVAAL SUPERGROUP

Mmasetena Anna Molekwal2, Robert Bolhar3, and Zubair Jinnah*

1. School of Geosciences, University of the Witwatersrand, Johannesburg, South

Africa,
amolekwa@uj.ac.za

2. Department of Geology, University of Johannesburg, Johannesburg, South Africa.
3. School of Geosciences, University of the Witwatersrand, Johannesburg, South Africa,

robert.bolhar@wits.ac.za

4. School of Geosciences, University of the Witwatersrand, Johannesburg, South

Africa,
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1. Introduction

The 1500 and 1700 m thick, Neoarchaean (2.55 to
2.64 Ga) (Barton et al., 1994; Beukes and Gutzmer,
2008) Campbellrand Subgroup was deposited during
a time when the intra-cratonic Griqualand West
sub-basin in the Transvaal Supergroup was
experiencing its highest subsidence rates in the
central part, which was matched by the
accumulation of carbonates (Beukes, 1987;
Altermann and Wotherspoon, 1995). It is a
dolomite-dominated succession comprising chiefly
stromatolitic dolomites intercalated with cherts,
shales and minor siliciclastic rocks. The top part of
the Campbellrand Subgroup consists of crinkly algal
mats interbedded with laminated sapropelic
dolomites of Kogelbeen Formation and dolomitic
domal stromatolites with finger-like bifurcating
columnar microstructure of Gamohaan Formation
(Eriksson et al., 2006).

Between the dolomite-dominated Kogelbeen and
Gamohaan Formations occurs the ca. 110 m thick
Lime Acres Member, which is a remarkably well-
preserved, stromatolitic limestone succession that
has great potential to reconstruct the ancient surface
conditions and holds important clues as to when and
how dolomitization occurred. Previous studies have
not indicated whether the unit has been dolomitized
or never underwent dolomitization.

The morphological, microstructural and
geochemical investigation of the lithofacies of the
Lime Acres Member and their relationship with
surrounding sedimentary lithofacies are employed
to reconstruct the depositional environments.

PW 2024, University of Johannesburg, South Africa

2. Results

The limestone lithofacies in the Lime Acres Member
include  stratiform, domal and columnar
stromatolites, massive micrite, fenestral carbonate
mudstone and microbial boundstone, which
represent supratidal to upper intertidal depositional
environments. Middle-lower intertidal to shallow
subtidal deposits consist of planar-laminated, planar
cross-bedded sandy limestones, oolitic grainstone,
columnar stromatolite and oncolite. Deep subtidal
deposits consist of black shale, which commonly
marks the base shallowing-upward cycles. Fenestral
laminites represent a shelf-lagoonal depositional
The limestones of Lime Acres
Member contain stromatolites that consist

environment.

Figure 1. Limestone unit of the Lime Acres Member
overlaid by a ferruginous chert unit.

December 5" — 61" 2024
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of an alternation of micritic and microsparitic
laminae. Microbialites with various morphologies
are  observed, including planar laminae
(stromatolites), oncoids roll-up structures, calcified
microbes, bedded cuspated microbialites, plumose
structures, and net-like microbialites. SEM-EDS
maps show that the Lime Acres Member limestones
contain ca. 95% calcite with small to no amounts of
detrital material. Although Lime Acres Member is a
limestone-rich unit, dolomite is present but rare.
Elemental and mineral phase maps obtained by
SEM-EDS analysis using a Tescan-integrated-
mineral-analyser (TIMA) show that dolomite is
restricted to stratiform and cross-cutting veins.
These dolomite veins have angular clasts of the
limestone host rock, which may indicate that the
veins were generated by hydraulic fracturing.
Matrix-selective dolomitization and evidence of
dedolomitization are also observed in some parts of
the stratigraphy, suggesting limestone could have
been dolomitized and the dolomite reacted with
solutions with a high Ca (super ++)/Mg (super ++)
ratio forming calcium carbonate. Trace element data
allow an investigation of aspects of carbonate
depositional environments and ambient seawater
compositions. Shale-normalized rare earth element
(REE) distribution patterns of limestones exhibit
positive Gdsy  and YSN  anomalies,
superchondritic Y/Ho ratios and depleted light rare
earth elements (LREEs) relative to the heavy rare
earth elements (HREEs), which resemble the
modern seawater composition. Dolomite samples
have slight positive Gd anomalies which is a tetrad
effect seen in seawater compared to limestone. Ces~
is not anomalous in both limestones and dolomites
suggesting deposition of limestones in anoxic
conditions with no effect of later post-Great
Oxygenation Event (GOE) fluid infiltration. Eusn is
not consistent in all lithofacies; however, it is more
enriched in limestone than dolomite, suggesting that
the hydrothermal input was minimal.

Lasn,

3. Discussion

The sedimentological and petrographic examination
cyclic shallowing-upward pattern,
reflecting sea level variations during the deposition
of the Lime Acres Member. The lamination suggests
that carbonate precipitation occurred in situ within
microbial mats. Trace element geochemical data of
Lime Acres Member are consistent with open ocean
vs isolated shallow marine (i.e., lagoon). Non-
seawater REE patterns in dolomite and calcite pore-

reveals a

and vein-fillings likely reflect redistribution of rare
earth elements during post-depositional alteration
and/or reflect differences in the elemental and REE
compositions of diagenetic fluids.
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NB-RICH BIOTITE: A NEW POTENTIAL SOURCE FOR RARE
METAL MINERALIZATION IN EGYPT
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1. Mineral Resources and Tectonics Group, Department of Earth Resources

Science,

Graduate School of International Resource Sciences, Akita University, Akita,
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1. Introduction

Niobium (Nb) and tantalum (Ta) are strategic critical
metals with substantial economic applicability.
However, they are encountering a substantial supply
risk due to their limited occurrence in a small
number of countries (Schulz et al., 2017). The
primary sources of Nb and Ta deposits include
peralkaline  granites, peraluminous granites,
pegmatites and carbonatites (Linnen et al., 2012;
Mackay and Simandl, 2014). Beside Nb and Ta
economic potentiality, Nb/Ta ratio of a melt is an
advantageous marker to track magmatic
fractionation and the resulting compositional
changes (Lopez-Moro et al., 2017; Zhu et al., 2019)
as they found as twins due to their similar physical
and geochemical properties (Shannon and Prewitt,
1969). In evolved magmatic systems, Ta-Nb-bearing
oxides were considered the principal controllers of
both Nb-Ta fractionation and their concentrations
in the residual melt (Linnen et al, 2013).
Nevertheless, recent work has indicated that biotite,
muscovite, and amphibole possess the capability to
selectively fractionate Ta from Nb in granitic melts.
Around 90% of Nb mining production comes from
pyrochlore, and the rest comes from other oxide
minerals such as columbite group minerals (Linnen
2013). This study emphasizes the
exceptionally high concentrations of Nb-Ta-Sn in
biotite from rare metal-bearing biotite-rich granites
of Umm Naggat area, central Eastern Desert, Egypt
and establishes the genetic link between biotite and
the secondary rare metal enrichment. These findings
have the potential to illuminate biotite as a new
potential source of Nb-Ta-Sn metals.

2. Results

et al,

PW 2024, University of Johannesburg, South Africa

The Umm Naggat pluton (UMNG) in Egypt is
composed of rare metal bearing amphibole biotite
granite (SBTG) in its southern sector and mica albite
granite (NABG) in its northern sector. The SBTG
rocks are predominantly composed of K-feldspar
(716-62.6 %), quartz (T31-47.8 %), plagioclase ("1-
43 %), and biotite (+ amphibole) (712 %), with
biotite being more abundant than amphibole, Zircon,
fluorite, thorite, columbite, fergusonite, Fe-Ti oxides,
and apatite are the most common primary accessory
minerals. In contrast, chlorite, muscovite, fluorite,
kaolinite, rutile, ilmenite, euxenite, and columbite
are the main secondary minerals formed as a result
of alteration. The NABG rocks are classified as alkali
feldspar granite mainly consists of albite (™ 32-42%),
quartz ( 25-36%), K-feldspar (™ 24-34%), and mica
(" 1-7%). Amphibole and biotite in the SBTG
crystallized from Nb-enriched magma and represent
primary HFSE reservoirs in the SBTG. Primary
amphibole from the SBTG contains Nb (280 ppm), Ti
(5760 ppm), Y (506 ppm), Zr (87 ppm), and Mn
(2801ppm), while biotite from the UMNG (SBTG
and NABG) contains significantly higher Nb (1630
ppm), Ta (83 ppm), Sn (392 ppm), Ti (9268 ppm), Rb
(2846 ppm), and Li (6331 ppm) contents. Biotite and
amphibole contribute to 753.5% and 710.5% of the
total Nb budget within the SBTG, respectively. The
increasing Si, F, Rb, Li, Nb, and Cs and decreasing
Mn, Ti, Fe, Sn, and Ta contents within the biotite of
the SBTG to NABG indicate crystal fractionation
toward the north in the UMNG.
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Figure 1. BSE in SBTG a) small flakes of Nb-rich rutile
included within secondary muscovite after biotite, b) very
fine disseminated grains of secondary Nb-Ta-Ti-rich
phases within the hydrothermal muscovite and chlorite,
respectively, c¢) patchy secondary Nb-ilmenite
overgrowing the host biotite due to alteration, d)
Columbite-Fe string extends along the cleavage of biotite
parallel to secondary muscovite lamellae, e) fine-grained
aggregations or accumulations of columbite embedded in
biotite, muscovite, chlorite, secondary quartz and Ti-Fe
oxides, f) the alteration-formed Nb-Y-Ti-REE oxides
(euxenite) within biotite intergrown with secondary
quartz and muscovite after biotite. Ms=muscovite,
Bt=biotite, Chl=chlorite, Rt=rutite, Ilm=
Clb=columbite, Qz=quartz, Fux-Y=
Flr=fluorite,

ilmenite,
euxenite-Y,

Figure 2. Comparative boxplot
highlighting the main difference in the concentration of
the major and trace elements between the southern biotite
(NBGs) and northern biotite (NABGs) in the Umm Naggat
pluton.

3. Discussion

In the SBTG, hydrothermal alteration is divided into
the metasomatic stage and aqueous stage.

The metasomatic fluid was enriched in F and Na,
causing albitization and leading to the precipitation
of secondary fluorite, columbite, and zircon. Biotite
is extensively altered during the aqueous stage,
mainly to muscovite and chlorite, through a paired
dissolution-precipitation mechanism. The
replacement textures of the primary mafic minerals
imply that the hydrothermal fluids were hydrolytic
and fluorine-bearing, resulting in the remobilization
of Ta, Nb, W, Sn, Li, Ca, Y, and REE. During the
alteration, Ti, Ta, Nb, and Fe were liberated from the
biotite into the fluid as Ta-Nb-F complexes. The
consumption of F during the formation of secondary
fluorite and muscovite made the complexes unstable,
resulting in the precipitation of secondary Ta-Ti-
Nb-Y-REE-bearing phases near and within
muscovite and chlorite forming Nb-Ta-Sn-bearing

binary diagram

rutile, ilmenite, columbite, and euxenite that are
significantly abundant in Nb, Ta, and Sn, compared
to their primary equivalents (primary rutile,

ilmenite, columbite, and fergusonite). The
substantial increase in Nb, Ta, and Sn concentrations
in the alteration-formed minerals indicates that the
decomposition of biotite led to notable rare metal
enrichment in the secondary minerals. Considering
its distinctive petrography, mineralogy, and textural
variations, the Nb-Ta-Sn-rich
mineralization may delineate a new potential source

for rare metals in Egypt and worldwide.

metasomatic

PW 2024, University of Johannesburg, South Africa
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Figure 3. A general summary of the significant mineral
paragenesis in the Umm Naggat biotite granites (SBTG)
based on microscopic and SEM-BSE imagery observations.
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1. Introduction

The assessment of detrital zircon age records is a key
method in basin analysis, but it is prone to several
biases that may compromise accurate sedimentary
provenance investigations. High to ultrahigh
temperature (HT-UHT) metamorphism (especially if
T > 850 °C) is a natural cause of bias in provenance
studies based on U-Pb detrital zircon ages, since
zircon from rocks submitted to these extreme and
often prolonged conditions frequently yield
protracted, apparently concordant,
geochronological records. Such age spreading can
result from disturbance of the primary U-Pb zircon
system, likewise from (re)crystallization processes
during multiple and/or prolonged metamorphic
events (Fig. 1). We used available geochronological
data of HT-UHT metamorphic rocks acquired by
different techniques (SIMS and LA-ICP-MS) and
showing distinct compositions combined to new
data from migmatites to demonstrate HT-UHT
metamorphism may result in modes and age
distributions of unclear geological meaning.

PW 2024, University of Johannesburg, South Africa

2. Results

The disturbance caused by HT-UHT metamorphism
may induce misinterpretations on U-Pb detrital
zircon provenance analyses. In most of the reported
HT-UHT metamorphic rocks with protracted
geochronological records, the zircon dataset
registers a minimum U-Pb date corresponding to the
age of the last metamorphic event according to
interpretations. Thus, the inferred maximum
depositional age based on U-Pb detrital zircon
derived from the erosion of a HT-UHT metamorphic
source is meaningful, since the sedimentation is
subsequent to the closure of the U-Pb system within
concordant zircon. The effects on the inferred
maximum depositional age are of particular concern
when the HT-UHT metamorphism affects the
sedimentary rock that is the object of study, rather
than a rock that would be the source of a sediment.
In this case the original detrital zircon dates
distribution could have shifted modes that might not
directly represent the geological ages recorded by
the source rocks. Furthermore, the real tectono-
thermal events that were experienced by the source
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rocks would likely be significantly underrepresented
or even obliterated.

3. Discussion

To evaluate the presence of HT-UHT
metamorphism-related bias in the detrital zircon
record, we suggest a workflow for data acquisition
and interpretation, combining a multi-proxy
approach with: (i) in situ U-Pb dating coupled with
Hf analyses to retrieve the isotopic composition of
the sources, and (ii) the integration of a
petrochronological ~ investigation to  typify
fingerprints of the HT-UHT metamorphic event.
Our workflow allows to the appraisal of biases
imposed by HT-UHT metamorphism and resulting
disturbances in the U-Pb detrital zircon record,
particularly for sedimentary rocks that underwent
HT-UHT metamorphism and, finally, suggests ways
to overcome these issues. The thorough discussion is
present in Tedeschi et al. (2023).

Figurel: Schematic cartoon summarizing potential
zircon formation and recrystallization events during
metamorphism (grey trajectory), the respective
resulting textures visible in
cathodoluminescence images, and their U-Pb zircon
record in probability density plots. (A) Growth of
zircon under different pressure, temperature, and
fluid conditions. Zircon recrystallization can occur

zircon

PW 2024, University of Johannesburg, South Africa
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along the whole pressure-temperature path,
strongly controlled by the availability of fluids.
Fluid-absent systems result in solid-state
recrystallization, while metasomatic and dissolution
recrystallization occur in the presence of fluid
(adapted from Chen and Zheng, 2017; the blue path
for subsolidus, pink for peritectic, and yellow for
anatectic reactions). (1) Zircon 2°Pb/?*U date
spectrum of a single Neoproterozoic metamorphosed
igneous rock exhibiting a protracted record of
concordant grains with partial preservation of
igneous textures and Hf isotopic signatures. Besides
the presence of several dates modes lacking
geological meaning (dashed vertical lines) the rock
has only one geological meaningful age of ca. 790 Ma,
interpreted as the minimum crystallization age. The
protracted record is attributed to post-crystallization
U-Pb disturbance (recrystallization, corresponding
to the green path in A; Metaopdalite C8382 from
Tedeschi et al., 2018). (2) Zircon 2°Pb/?U date
spectrum of zircon with metamorphic textures from
a Cambrian migmatite (Paragneiss 1Z-405 from
Kunz et al., 2018) showing a protracted record with
two dates modes. The spreading of U-Pb data from
Kunz et al. (2018) is herewith interpreted as likely
representing one or more mechanisms of resetting
and neocrystallization (the coloured areas and
circles through the detrital zircon spectrum
represent the predominance of each of the processes
from A in a neocrystallization scenario). Figure from
Tedeschi et al. (2023).
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1. Introduction
The application of Raman spectroscopy to the study
of Carbonaceous Matter (CM) is an important non-
destructive method to understand the thermal
evolution of sedimentary strata. Transformation of
CM in metasedimentary rocks has long been
considered an important indicator of peak
conditions of the metamorphic cycle!. The Archean
Witwatersrand Basin in South Africa hosts several
auriferous ‘reefs’ that typically contain carbonaceous
matter as pyrobitumen grains (fly-speck carbon) or
lamina (carbon seams). While the basin received
significant attention for its gold mineralization, the
questions on the emplacement, and
maturation of the CM are still open to debate. This
study presents the results of Raman spectroscopic
analysis of the CM in the Central Rand Group to
understand the mineralogical heterogeneity and to
quantify the peak metamorphic temperatures. The
Raman spectra of the CM from 38 samples of
different reefs covering the entire Central Rand
Group were obtained using a WITec alpha300R
Confocal Laser Raman microscope equipped with an
automated sample stage for micro-Raman mapping
(Assore Raman Lab, University of Johannesburg,
South Africa).

origin,

2. Results

The Raman spectrum of CM consists of first-order
(1100-1800 cm™) and second-order (2500-3100 cm-
1) regions, with the first-order region being the most
important and is characterized by the G- and D-
bands®. The width of the D- and G-band decreases
with progressive metamorphism!. The peak fitting
protocol determined the spectral parameters in
which Raman spectra were deconvoluted into five
(5) smaller bands. The heterogeneity and structural
order of the samples can be assessed through the
difference in relative positions of different peaks in
different reefs. The Raman spectra for both massive
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pyrobitumen and fly-speck carbon are remarkably
similar across all localities. In the first-order region
of the Raman spectra, the D- and G-bands are
observed as having strong intensities (Fig. 1). The
well-pronounced D1 band is situated at ~1347 cm™
with a FWHM of ~156 cm'!. The weak D2 band with
an FWHM of ~22 cm™ is observed at ~1620 cm™. The
D3 band is a broad peak found at ~1496 cm™! with a
large area (FWHM ~262 cm™) and weak intensity.
The D4 band is also broad with much lower intensity,
situated at 71246 cm'. The G-band is frequently
observed as the peak with the highest intensity. It is
often narrow with a FWHM value of 77 cm™. A
general directly proportional relationship between
the ratios of R2 varying between 0.55 and 0.7 and
D1/G ranging between 0.8 and 1.0 is observed.

The CM maturation temperature can be calculated
from the intensity ratios of different peaks'. An
evaluation of the peak metamorphic temperature
obtained from various samples shows little variation.
The average results yielded temperatures around 360
°C (£50°C).

3. Discussion

The evolution of both ratios is similar, with a low
dispersion of points indicating the reliability of these
parameters as indicators of the degree of
organization of the carbonaceous matter. It is,
however, important to point out that (1) the
uncertainty is generally lower with R2 than D1/G,
and (2) very poorly organized carbonaceous matter
exhibits low values for the D1/G ratio owing to the
very broad D1 band with lower intensity'. This
study identifies little heterogeneity among
carbonaceous seams and a similar average
temperature of maturation of the CM consistent
with the previous studies indicating greenschist
facies metamorphism for the Witwatersrand Basin®.
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Figure 1. Raman spectra of carbonaceous matter of
the Central Rand Group of the Witwatersrand Basin.
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Introduction
The Upper Cretaceous Izumi Group is located in the
southwestern inner belt of Japan along the
prominent "Median Tectonic Line (MTL)." This
group was deposited on granite associated with the
Ryoke Belt, formed during the Lower Cretaceous
(86.0 + 1.2 Ma, based on U-Pb dating in western
Kagawa Prefecture; Nakajima et al., 2004). The
Izumi Group extends approximately 300 km in
length and 15 km in width, as observed on geological
maps, exhibiting a highly elongated shape. This
morphology suggests that the Izumi Group basin
formed as a pull-apart basin caused by the strike-slip
movement of the Median Tectonic Line (Taira et al.,
1983).
The deposition age of the Izumi Group is estimated
to be 78.3 + 0.5 Ma (U-Pb dating), corresponding to
the Middle Campanian, as determined using
radiolarian biostratigraphy (Noda and Kurihara,
2016). Despite significant research on the basin's
formation, its origin remains unresolved.
The Izumi Group was divided into three main
sections:

1. Basal conglomerate unit

2. Thick mudstone unit

3. Alternating beds of mudstone and sandstone

unit
The basal conglomerate unit is alternating beds well
rounded pebbly conglomerate and shale (Yamasaki,
1986). The thickness and lithology of the basal
conglomerate vary significantly laterally.

A primary objective of this study is to investigate
this lateral variation through detailed fieldwork,
including geological mapping, columnar section
construction, and profiling. By analyzing these
changes, the study aims to determine their
geological  significance. = Furthermore,  the
relationship between the middle mudstone section
and the upper alternating beds is currently unclear.
This research seeks to reconstruct the basin’s
formation, paleo-topography,
environment across all units.

and depositional
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Results
This study identified four stratigraphic units in our
research area:
1. Arkose sandstone and black mudstone unit
(lowest; “0-50 m thick)
2. Thick conglomerate unit (lower; “130 m thick)
3. Thick mudstone unit (middle; “600 m thick)
4. Thick sandstone unit (alternating beds of
sandstone and mudstone; >700 m thick).
The basal conglomerate is underlain by an arkose
sandstone and black mudstone unit, which lies
directly on an unconformity with the granite. This
basal arkose sandstone unit is new defined as basal
unit, whose thickness around 20-50 m in thickness
and lithology vary depending on the location.

Discussion

The conglomerate layer appears to have formed
in a channel-like system, as evidenced by the
orientation of gravel long axes and the erosional
contact with the underlying sandstone. This
indicates that the depositional environment of the
Arkose sandstone and black mudstone and
conglomerate units was a river or shallow marine
channel system. There are trace fossils with in black
shale sequence.
The thick mudstone wunit, characterized by
alternating beds of sandstone and mudstone, is
interpreted as a relative silent condition oceanic
condition.
In this location above unconformity, sedimentary
environment shows subaerial to shallow silent
condition oceanic condition preserved. Then thick
sandstone sediment overlie on the muddy condition
silent basin.
Future work include tracking the evolution of the
strike-slip-related sedimentary basin by analyzing
variations in the distribution of the lower thick
above basement.

conglomerate layer

Additionally, we aim to investigate the origin of the

granitic

arkosic sandstone and angular conglomerate derived
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from granite, as well as the black shale layer
deposited arkosic sandstone. By examining the
overlying conglomerate layer, we intend to clarify
the relationship between fluvial activity along the
eastern margin of the Eurasian continent at that time

and the strike-slip related sedimentary fore arc basin.

Figure 2 Overview geologic map of the Izumi Group
at east Kagawa prefecture.

Figure 3 There are sandstone beds in thick
conglomerate layer. Low section in HIKETA coast.

Figurel Location map: Study area is located Eastern
portion of Shikoku Island.
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1. Introduction

The Kaapvaal Craton in southern Africa is one of the
best-preserved ancient environments for studying
early Earth processes (e.g., Anhaeusser, 2014).
Existing knowledge of the evolution of the Archaean
Kaapvaal comes primarily from studies on the
Barberton granite-greenstone terrane and the
Ancient Gneiss Complex. The central Kaapvaal
craton has received significantly less attention
compared to its peripheral regions, leaving gaps in
our understanding of its formation and evolution.

This study aims to address these gaps by
investigating the age and evolution of the central
Kaapvaal Craton. This will be done through
analysing TTG gneisses from the Johannesburg
Dome and rare peridotitic xenoliths that were
sampled by the Roberts Victor kimberlite upon
ascent. The age of lithospheric mantle will primarily
be determined using Lu-Hf isotopes of garnets from
the Roberts Victor peridotites, along with Pb-Pb and
Rb-Sr isotopes in clinopyroxene. Crystallisation ages
of the Johannesburg Dome TTGs will be determined
through U-Pb isotopes in zircons. These crustal ages
will be supplemented by Sm-Nd and Lu-Hf isotopes
on a subset of whole-rock powder samples in order
to shed light on the timing of crustal formation and
the potential protolith of the TTGs.

2. Results

Preliminary results from Roberts Victor show that
the xenoliths have transitional
lherzolitic assemblages, similar to the compositions
of Voorspoed diamond mineral inclusions (Viljoen
et al, 2018). Calculated pressures and temperatures
range between 2.8 GPa and 5.2 GPa and 681 and
1021 °C, yielding a lithospheric thickness of 220-230
km below the central Kaapvaal. Age dating of these

pyroxenitic-
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xenoliths will allow us to know whether the
lithosphere attained this thickness during Archaean
craton formation, or later during lithospheric
evolution. Similar to previous reports, these Roberts
Victor peridotites are extremely altered and contain
abundant serpentine, calcite, and quartz. Eight
xenoliths contain peridotitic garnets with 19.5-21.5
wt.% MgO, 3.2-7.1 wt. % Cr203 and 4.17-6.22 wt. %
CaO. Garnets from 6 of these 8 xenoliths classify as
lherzolitic (G9), with a garnet from 1 xenolith
classifying as harzburgitic (G10), and a garnet from
1 xenolith classifying as high-TiO2 peridotitic (G11).
Garnet from two xenoliths (G10 and G9) have
sinusoidal REEn patterns with maxima at Smn,
whereas the remainder of the garnets have broadly
'normal' REEN patterns that are depleted in LREEN,
with flat to slightly fractionated MREEN to HREEN.

Clinopyroxene in these eight xenoliths have
Na/(Na+Ca) that range between 0.09 and 0.31 and
molar Cr/(Cr+Al) between 23.9 and 49.6. These
compositions are transitional between Cr-diopside
and omphacite, similar to the compositions of
clinopyroxene inclusions in Voorspoed diamonds
that were found to be 'transitional websteritic-
lherzolitic'.

One xenolith contains pyroxenitic (G4) garnet with
21 wt.% MgO, 0.4 wt. % Cr20s and 3.89 wt. % CaO.
Clinopyroxene in this xenolith has Na/(Na+Ca) of
0.21 and molar Cr/(Cr+Al) of 3.75, classifying as
omphacite.

The 29 TTG samples from the Nooitgedacht
Platform of the Johannesburg Dome have
metaluminous to peraluminous whole-rock
compositions (Anhaeusser, 1999), and overall have
similar compositions to TTGs from worldwide
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Archaean granite-greenstone terranes. The
Nooitgedacht TTGs are characterised by being silica-
rich (SiO2 770 wt.%), aluminous (Al:O3 715 wt.%),
with high NaxO (3-7 wt.%) and a Na2O/K20 ratio
greater than 1 (Anhaeusser, 1999; Van Tonder and
Mouri, 2010). The Nooitgedacht TTGs exhibit
LREE~ enrichment and HREEN depletion relative to
chondrite  composition and this indicates
metasomatism, TTGs in Archaean localities
worldwide show this REE pattern relative to
chondrite composition.

3. Discussion

The preliminary results from Roberts Victor and
Nooitgedacht reveal crucial insights into the central
Kaapvaal Craton's mantle and crustal evolution. The
Roberts Victor xenoliths, with their transitional
pyroxenitic-lherzolitic assemblages and garnet types
(G9, G10, G11), indicate a complex mantle history
involving melt depletion and metasomatic
enrichment. The calculated pressures and
temperatures (2.8-5.2 GPa, 681-1021 °C) suggest a
lithospheric thickness of 220-230 km, key for
cratonic stability. The clinopyroxene compositions
align with Voorspoed diamond
supporting a shared mantle evolution.

inclusions,

The Nooitgedacht TTGs' high silica, aluminum
content, and Na2O/K2O ratios reflect typical
Archaean crust formation, enriched in LREE and

depleted in HREE, indicating metasomatic processes.

These findings suggest that both mantle and crust
experienced significant modifications through
subduction or mantle interactions, essential for the
craton's prolonged stability. Age dating will clarify
if these features originated during craton formation
or later, contributing to broader Archaean tectonic
models.

Investigating the specific age relationships between
the mantle roots of cratons and their overlying crust
will help constrain the mode of craton formation
(Pearson er al, 2021), whether at convergent
margins, within a stagnant or partially mobile lid,
and with either plume and/or subduction
geochemical signatures. This study aims to shed light
on the tectonic processes that shaped the heart of the
Kaapvaal Craton and the continental assembly and
tectonic events that influenced this ancient part of
southern Africa.
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1. Introduction

Microorganisms inhabited Earth already in the
Paleoarchean (3.6-3.2 Ga ago), but the structure and
complexity of early ecosystems is still a matter of
debate. Here we investigated four carbonaceous
cherts from the ca. 3.42-billion-year-old Buck Reef
Chert, Barberton greenstone belt (Barberton
Drilling Project core BARB3, see Hofmann (2024)
for details), to assess potential microbial activity in
the ancient environment (Reinhardt et al. 2024).
The chert precursors were deposited as primary
silica precipitates in a back-arc basin, and trapped
abundant carbonaceous matter (CM). The CM and
associated mineral phases (here siderite and pyrite)
were investigated using various macro- and micro-
scale analytical techniques, including scanning
electron microscopy, micro-X-ray fluorescence,
Raman spectroscopy, secondary ion mass
spectrometry, and catalytic hydropyrolysis followed
by gas chromatography-mass spectrometry.

2. Results and discussion

The carbonaceous matter (CM) is exceptionally well
preserved (Fig. 1), resulting from rapid silicification
(Reinhardt et al., 2024). Geothermometry based on
Raman spectra of the CM suggests a peak
metamorphic overprint to lower greenschist facies
(Reinhardt et al., 2024), which is in line with an
entrapment before regional metamorphosis around
3.2 Ga. The CM pool can therefore be considered as
syngenetic. Bulk 6!3C analyses indicate that the main
CM pool derives from anoxygenic phototrophic
primary producers. Microscale §'3C measurements
on CM associated with pyrite, together with
multiple sulfur isotope analyses of these pyrites,
however, suggest the presence of microbial sulfate
reduction in the ancient ecosystem (Reinhardt et al.,
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2024). Additionally, microscale 8"C signals of CM
associated with siderite indicate methanogen-
methanotroph and/or acetogen-acetotroph couples
(Reinhardt et al., 2024). Together, these results
highlight a metabolic diversity in parts of the
Paleoarchean Buck Reef Chert environment, and
reflect an already advanced biological carbon cycle
during these early times (Reinhardt et al., 2024).

Figure 1. Carbonaceous matter (CM) appearance
in the analyzed cherts. (A, B) The CM (black) is
typically preserved in sedimentary layers as well-
rounded clots or ultra-fine particles in thin laminae
draping the material below. In some layers, CM
appears in close association with siderite (light
brown crystals in B).
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1. Introduction

Twenty-two samples of (meta)-granitoids, from the
Botswana part of the Central Zone of the Limpopo
Belt were characterized petrographically, and by
major and trace element geochemistry. In addition,
U-Pb age information was obtained by LA-ICP-MS
analysis from separated zircons. The granitoids were
partly migmatitic and partly affected by later alkali-
metasomatism.

2. Results & Discussion

Geochemically, the rocks can be subdivided into
high-HREE (heavy rare earth elements) TTGs
(tonalite-trondhjemite-granodiorite), ~ low-HREE
TTGs and one sanukitoid following TTG subdivision
by Halla et al. (2009). High-HREE TTGs exhibit high
silica content (68.5-71.7 wt.%), high L(HREE)x of
(57.56-442.74), lower Strontium content (120.31-
341.90 ppm), and negative Eu anomalies (Eu/Eu* =
0.47-0.91), suggesting they originated from partial
melting of metabasalts transformed into garnet
amphibolite under low-pressure conditions possibly
with mantle involvement. Low-HREE TTGs on the
other hand show high silica content (68.5-71.7
wt.%), low values of Z(HREE)~ of (17.29-50.69), less
pronounced Eu anomalies and low Ybw~ (1.31-4.05)
suggesting they are derived from a metabasaltic
source under high-pressure conditions (plagioclase-
poor garnet amphibolite or eclogite). The medium-
HREE granitoid (sanukitoids) is characterised by low
silica content (55.77 wt. %), a moderate value of
L(HREE)~ (224.13), high MgO = 1.35 wt% (Mg# =
34), KO = 2.15 wt% and Ba + Sr = 881 ppm
suggesting the sanukitoid magma likely resulted
from partial melting of a metasomatized mantle
wedge peridotite in a subduction zone setting.
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The age information of eleven selected (meta)-
granitoids reveals a complex scenario, with most the
granitoids emplaced between 2561 + 11 to 2685 +21
Ma indicating that the dominant period of crustal
growth was in the Neoarchean. Specifically, low-
HREE were emplaced between 2685 + 21 Ma to 2606
+ 13 Ma and high-HREE between 2640 + 5.27 to
2600 + 8 Ma with sanukitoids notably, emplaced at
2607 + 4 Ma marking the onset of subduction process
(existence of a mantle wedge through which the
magma passes). One sample (19-OT-12) constrains a
major metasomatic event in the area at 1906 + 150
Ma, while another sample, a garnet bearing (meta)-
granitoid (19-OT-07A), which intruded as a sheet
along the margin of metasedimentary rocks in a
tightly folded closed structure, was emplaced at 2592
+ 10 Ma, provides a maximum age of both high-grade
gneissic foliation and development of the tightly
folded meta sedimentary structure. The granitoids
also records zircon ages ranging between 2421 + 27
and 2574 + 13 Ma which were interpreted as a result
of protracted thermal activity after the 2.6 Ga main
igneous episode. This event also marks the
migmatisation of the granitoids. Additionally, the
inherited zircon ages from older crust (**’Pb/*Pb
ages ranging between 3020 + 29 and 2773.7 + 11.5
Ma) implying some reworking of the Mesoarchean
crust.
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1. Introduction

The metasedimentary belts of Nigeria are
geographically restricted to the western half of the
country. One of them is the Igarra schist belt,
located at the extreme south of this region. The
Igarra schist belt has been a centre of attraction to
many researchers because of its resources such as
gold, marble as well as other reported metallic ore
mineralization such as chalcopyrite and magnetite.
As part of the Nigerian basement complex, the Igarra
schist belt consists of low-grade metasedimentary
rocks, unconformably overlying gneissic granitoids
with which they are infolded; they have been
intruded by Pan-African granitoids. The
supracrustal ~metasedimentary consists
predominantly of quartzite, quartz-muscovite-schist,
quartz-chlorite/biotite schist, calc-silicate gneiss,
marble and metaconglomerate. Limited availability
of geochemical and geochronological data has
hampered the understanding of the tectonic
framework and evolution of this belt. Investigated

cover

rocks from the Igarra schist belt include selected
lithological units from both the granitoids and the
Analytical
deployed for this purpose include major element
analyses using X-ray fluorescence (XRF),
Inductively Coupled Plasma Mass spectrometry
(ICP-MS) analyses for trace element composition as
well as Laser Ablation (LA)-ICP-MS for U-Pb zircon
analyses.

metasedimentary units. techniques

2. Results

Investigated granitoids surrounding the Igarra schist
belt include the Ibillo grey gneiss, Dagbala granite
gneiss and the Igarra granite, whereas
metasedimentary rocks include quartz schist, biotite
schist and metaconglomerate.

In the total alkali-silica (TAS) plot (SiO2 vs
Na20+K20; after Cox et al., 1979), the Dagbala
granite gneiss and Igarra granite plot in the granite
field while the grey gneiss plots as quartz diorite. All
the granitoids plot in the field of calc-alkaline series
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in the AFM discriminant diagram (after Irvine and
Barager, 1971). They plot in the peraluminous field
in the AlO3/CaO+Na20+K20 vs AlQO3/Na:0+K20
(Al-index discriminant after Maniar and Piccoli,
1989), plot. The granitoids plot as orthogneiss in the
MgO vs Al20s ratio plot (after Marc, 1992) and as
high K calc-alkaline series in the SiO2 vs K20 plot
(after Peccerillo and Taylor, 1976). Trace elements
(Y vs NbD after Pearce et al., 1984) plot characterizes
granitoids of Igarra schist belt as being of volcanic
arc granite (VAG) and syncollisional granite (syn-
COLG) affinities while Co vs Th plot (after Hastie et
al., 2007) characterizes them as high-K calc-alkaline
and shoshonite series. Rare earth element (REE)
patterns of the granitoids indicate negative anomaly
of Eu, Ba, Ti, Nb, Ta, Sr and positive anomaly of Li,
Rb, Ce, Pb and Th.

All the metasedimentary rocks, except quartz schist,
plot as wacke in the Log (SiO2AlQOs) vs Log
(Fe203/K20) discrimination plot (after Herron,
1988); quartz schist plot as subarkose. Also in the
source material discriminant (DF1 vs DF2) plot for
major elements (after Roser and Korsch, 1988), the
Igarra metasediments are spread between quartzose
sedimentary and felsic igneous provenance while in
the K2O/Na20 vs Si02/Al203 diagram (after Maynard
et al., 1982), they are spread between active and
passive continental margin. In the trace elements
discrimination plots, the Igarra metasedimentary
rocks plot midway between early Archean mudstone
and post-Archean shale in the V vs Cr plot (after
Floyd et al., 1989) and felsic sources in the La/Sc vs
Th/Co plot (after Cullers, 2002). Rare earth element
(REE) distribution pattern for the Igarra
metasediments indicate negative anomaly with
respect to Eu, Ti, Sr, Ba, Nb and Ta and positive
anomaly with respect to Li, Pb and Sc.

U-Pb zircon age data for granitoids in the Igarra
schist belt indicate 555 + 11 and 2262 + 22 Ma as
lower and upper concordia intercepts respectively
for the grey gneiss (MSWD = 0.67). Dagbala granite
gneiss gives lower and upper intercepts of 588 + 13
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and 2259 + 25 Ma respectively with MSWD = 2.3.
The Igarra granite on the other hand gives a single
concordia intercept of 599.8 + 7.1 (MSWD =1.14).
This is taken as the crystallization age of the granite.
Detrital zircon data for the metasedimentary rocks
of the Igarra schist belt indicate a maximum
depositional age of approximately 1500 Ma for the
metaconglomerate. The dominant age group for this
rock lies between 2000 and 3000 Ma while the
approximate maximum depositional age lie outside
this range. For the quartz schist, the approximate
maximum depositional age is 1000 Ma, which lies
outside the dominant age group of approximately
2000 Ma. The biotite schist on the other hand forms
two age clusters with the approximate maximum
depositional age of 700 Ma associating with the
minor cluster while the major cluster represent the
dominant age population that lies approximately
within 1500 and 2500 Ma.

3. Discussion

Geochemical characteristics of gneisses associated
with the Igarra schist belt indicate high-K, calc-
alkaline, peraluminous orthogneisses, derived from
protoliths of VAG and syn-COLG affinities.
Negative anomaly of Ba, Nb and Ta is suggestive of
either reworking of older felsic crust or an active
continental margin source while enriched Rb and Ce
may be the result of fractional crystallization of
magma.

The metasedimentary rocks of the Igarra schist belt
are characterized by their geochemical compositions
as wacke materials, derived from quartzose
sedimentary and felsic igneous provenances in a
continental margin environment.

Age data of granitoids indicates two phases of
magmatism one in the Paleoproterozoic and the
other in the Neoproterozoic. The grey gneiss at 2262
Ma and Dagbala granite gneiss at 2259 Ma represent
the first phase of magmatism. The lower intercepts
(555 and 588 Ma
respectively) are consistent with lead loss during the

of these two granitoids

Pan African orogenic event. The Igarra granite
represents the second phase of magmatism at 599 Ma,
and is associated with the Pan African orogenic
event.

Given the ages of the grey gneiss and the Dagbala
granite gneiss on the one hand and the detrital
zircon age distributions of the metasedimentary
rocks on the other hand, the former could have been
a major source of sedimentary materials to the latter.
The basement complex rocks of Nigeria and

particularly the metasediments are of low to
intermediate metamorphic grade (greenschist to
amphibolite facies). It is probable that the Pan
African orogenic event represents a major and
recorded thermotectonic event that had affected the
metasedimentary rocks.

The results of age data for granitoids of the Igarra
schist belt are consistent with those of previous age
data obtained for different gneissic granitoids
associated with the Nigerian basement complex such
as OAU Campus granite gneiss (Rahaman and
Lancelot, 1984) as well as Jebba (Okonkwo and
Ganev, 2012), Kabba (Annor, 1995) and Bode Saadu
(Okonkwo and Ganev, 2015) gneisses.
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Introduction

The Cleaverville Iron Formation is one of the most
important iron formations of the Mesoarchean BIF
in the Pilbara greenstone belt. It has been identified
within the Gouge Creek Group, which is recognized
as the uppermost part of the Pilbara Supergroup
(Van Kranendonk et al, 2002, 2004b). It
unconformably overlies the Sulphur Springs Group
(Hickman & Martin, 2012, Episodes).

The model location of this iron formation is in the
coastal greenstone belt, which is tectonically
segmented and represents distinct sedimentary
We conducted detailed mapping,
created a stratigraphic column, and collected fresh
samples through scientific drilling in the
Cleaverville area (e.g., Miki et al., 2014, Ph.D.).

In this study, we used electron microscopy and
chemical analysis to examine the minerals within
the Cleaverville Iron Formation, one of the well-
known Archean iron formations. Within the coastal
Pilbara greenstone belt, there is a well-stratified

successions.

sedimentary sequence that includes the 3.2 Ga Regal
Formation, the Dixon Island Formation (DX Fm),
the 3.1 Ga Cleaverville Formation (CL Fm), and the
shallow-water Lizard Hills Formation. This region
exhibits lower greenschist facies metamorphism and
relatively weak deformation and is identified as a
volcano-sedimentary sequence in an oceanic island
arc setting (Kiyokawa et al., 2006, 2012).

Here, we focus on the stratigraphic variations
within the iron formation through detailed
observation and description of the CL Fm. High-
magnification observations were conducted using
optical microscopy, FE-SEM, and TEM.

Results

The CL Fm, which includes a black shale layer
transitioning to the BIF layer identified as the
"Cleaverville Iron Formation," is well-preserved. It
is subdivided into the Black Shale Member and the
BIF Member, from bottom to top. The BIF Member
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preserves the original sedimentary sequence of the
BIF.

The Black Chert Member contains 20-10 cm thick
organic-rich mud-silt size shale, which includes thin,
cross-laminated fine sandstone layers at the base of
each bed. The beds are mostly volcaniclastic, with
plagioclase fragments increasing towards the top.
Thin chert beds (a few cm thick) are observed in the
uppermost part of the Black Chert Member.

The BIF Member is subdivided into three
submembers: the Siderite-Chert, Magnetite-Chert,
and Shale-Chert submembers, from bottom to top.
The Siderite-Chert submember consists of bedded
greenish shale (GS) and chert/gray mud-laminated
beds (CML). In outcrop, the CS beds exhibit a red-
white color, while the CML beds form chert-rich
iron formations.

The Magnetite-Chert submember comprises GS
and chert/magnetite/gray shale alternating beds,
where magnetite lamination appears only in the gray
mud lamination portions within the CML.

The Shale-Chert submember consists of organic-
rich shale and chert-laminated beds. Some
laminations display a wavy structure, though no
biogenic biomat structures are apparent.

Within the chert beds across the entire member,
rounded siderite particles are prominent in the
chert/gray mud beds. The siderite particles range
from 50-100 pm in diameter, with a central hole and
a shell a few microns thick. Siderite appears in three
forms: Type 1 includes spherical particles with thin
shells, Type 2 features siderite crystallizing around
the shell in an angular shape, and Type 3 comprises
connected, band-like structures. In the band-like
siderite, square siderite crystals are still discernible,
some with a small central hole remaining in the
middle, all showing signs of diagenetic alteration.

Greenalite (Rasmussen et al., 2013) and berthierine
are also identified within the white-pale greenish
chert beds.
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Discussion

Some portions of this sequence are strongly
foliated due to folding along axial plane cleavage. In
these early-stage deformed sections, siderite
particles appear as sedimentary grains.

We investigated the anoxic and non-sulfidic deep
ocean conditions around 3.1 billion years ago, where
siderite particles settled on the ocean floor in a
muddy silica gel environment. The massive greenish
shales may have originated from volcanic tuff,
suggesting that widespread volcanic-hydrothermal
activity increased during iron-rich sedimentation.

In the future, if the dating accuracy of the
Cleaverville BIF in the Pilbara and other regions
improves and aligns with the age of the Cleaverville
BIF observed in the East Pilbara region, it may
indicate the global
hydrothermal or volcanic activities around 3.1
billion years ago, which might be change surface
tectonics and ocean water composition.

possibility of extensive

Fig. 3.2-3.1Ga Dixon island and Cleaverville

Formation, coastal Pilbara terrane, Western

Australia.
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1. Introduction

The terranes east of the Southern Espinhaco Range
comprise a series of north-south trending ridges,
slightly bow-shaped, made up by tectonic slices of
the BIF-bearing Serra da Serpentina Group (MDA =
2.0 Ga; Barrote et al., 2017; Rolim et al., 2016), meta-
ultramafic rocks and metavolcanic sedimentary
units probably of Archean age, and quartzite slivers
ascribed to the Serra de Sdo José Group (Rolim et al.,
2016), a lateral facies of the Sdo Jodo da Chapada
Formation (Lower Espinhaco Sequence - MDA =
1.71 Ga; Chemale et al,, 2012). This assembly is
juxtaposed with tectonic slices of Archean TTG
rocks (3.1 to 2.7 Ga, Rolim, 2016), A-type granites of
the Borrachudos Suite (ca. 1.7 Ga, Gomes et al.,
2020) and supracrustal sequences of uncertain age
(Rhyacian to Statherian).

The scarcity of reliable age constraints in a complex
structural scenario associated with the uplift of the
crystalline terranes of the Guanhdes Inlier as a
crustal core complex during the initial stages of the
opening of the Espimhago Basin in the Early
Statherian (Pagung de Carvalho, 2024) and the
superimposed thin-skinned compressional tectonics
developed during the collisional stages of the
Brasiliano orogeny, which lasted from the Ediacaran
to the Early Cambrian, raise several questions about
the age and tectonic evolution of the rocks that form
the eastern boundary of the Southern Espinhaco
Range. The first concerns the extension of the
Paleoproterozoic continental crust (oSao Francisco
Paleocontinent) and the Espinhaco Basin, and the
second concerns the age and depositional
environment of the Serra da Serpentina iron
formations.

2. Results

The MDA of the Lower Espinhaco Sequence: The
MDA'’s estimated in this study for the Lower
Espinhago Sequence in the eastern border of the
Southern Espinhaco Range and tectonic slivers
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enclosed in the Borrachudos Granite, range from
1677 + 16 to 1746 + 3 Ma in agreement with the
depositional dates provided by the geochronological
studies of Rolim et al. (2016), Chemale et al. (2012),
and with crystallization ages of K-rich alkaline
subvolcanic dikes cutting the sedimentary sequences
at 1703 + 12 Ma (Chemale et al., 2012), 1715 + 2 Ma
(Machado et al., 1989) and 1710 + 12 Ma (Dussin and
Dussin, 1995). The age spectra of the detrital zircon
populations indicate that the basement (and
hinterland) of the Lower Espinhago Sequence was
affected by magmatic activity during four periods: 1-
Archean, 2-Siderian, 3- Rhyacian to Late Orosirian,
4-Statherian. The ages of the detrital zircon grains in
the Lower Espinhaco Sequence correlate well with
magmatic and metamorphic events

The age and depositional environment of the Serra
da Serpentina iron formations. Recent fieldwork
including mapping associated with geochronological
studies of clastic units from the Serra da Serpentina
Group of our group Silveira Braga et al. (2015),
Rolim et al. (2016), Silveira Braga et al. (2019),
Oliveira et al. (2019), indicated that the this unit is
truncated in its upper boundary by an erosional
unconformity that separates it from the Statherian
Serra de Sdo José Group (maximum depositional age
= 1666 + 16 Ma) with the development of a BIF-
pebble conglomerate-rich sandstone layer. Rolim et
al. (2016) propose an epicontinental sag basin during
the Orosirian (youngest detrital zircon U-Pb
SHRIMP age = 1990 + 16 Ma) for the Serra da
Serpentina Group exposed at the homonymous area
while Pagung et al. (2023) proposed a back-arc basin
based on geochemical considerations about the
source of the associated clastic sediments (Meloso
Fm).

The siliciclastic units of the BIF-bearing successions
which occur interleaved with gneissic rocks of the
Guanhaes Inlier and correlate with the Serra da
Serpentina Group provided a detrital age spectrum
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that yields a conservative MDA of about 2.18 Ga
(Barrote et al, 2017), although these authors
recognize a small, but still younger population of
2.10 Ga.

3. Discussion

The results of our current work allow a consistent
interpretation of the configuration of the Espinhaco
rift during the Early Statherian and the extension of
the deposition of clastic sediments on the eastern
basin segments beyond the currently established
limits, prior to the uplift of the Guanhdes Core
Complex.

On the other hand, the tectonic environment of the
continental basement in the Late Rhyacian is still
under discussion and requires further investigation.
The few available geochronological data and the
detrital contamination of siliciclastic components
suggest that the deposition of the Serra da Serpentina
iron formation occurred long after the rise in
atmospheric oxygen during the Great Oxidation
Event (GOE) at 2.4 Ga (Bekker et al., 2004), after or
during the final stages of the Rhyacian Minas-Bahia
orogen (Bruno et al., 2021), but the tectonic position
of the basin is still uncertain. The available ages
provided by single detrital zircon grains (1990 + 16
Ma U-Pb SHRIMP, Rolim et al., 2016) indicate a
post-orogenic basin or contemporaneity with
volcanic activity during the last collisional events
responsible for the assembly of the southeastern and
eastern parts of the Sdo Francisco protocraton, the
opening of the Sabard foreland basin, and the
deposition of volcanoclastic rocks and flysch
deposits in the Minas Tectonic Terranes. The MDA
for the Sabard Group is usually considered to be
about 2.1 Ga (Dopico et al., 2017), and recent data
suggest that sedimentation continued until about
2.04 Ga (Dutra et al., 2019) during the collision of
the Juiz de Fora arc with the Sao Francisco margin
in the period between 2.10 and 2.00 Ga) with final
stabilization of the Sdo Francisco Paleocontinent at
ca. 1.94 Ga (Cutts et al., 2018).

In the Southern Espinhaco Range, similar age
spectra were obtained by Freimann (2022) from
tectonic slices of the Bario do Guaicui Fm
interlayered with quartzites of the Espinhaco SG,
where the statistically valid youngest zircon
population gives an MDA of 2112 + 7 Ma (LA-
ICPMS), but with the youngest measurement spot at
1980 + 36 Ma. Detrital zircon grains obtained by
Leandro (2022) from quartzite of the Serra Negra Fm
overlying the gneissic basement north of the
Guanhies Complex yielded a similar youngest date

of 1909+37 Ma (LA-ICPMS), which is interpreted as
the maximum depositional age.
This complex scenario suggests an alternative
compartmentalization of the Paleoproterozoic
terranes that make up the Sao Francisco
paleocontinent north of the Minas Terranes during
the evolution of the Minas Bahia Orogen, causing
crustal thinning and subsidence as well the
development of hydrothermal vents as the source of
iron for the Serpentina BIFs in response to the
amalgamation of the Mantiqueira and Juiz de Fora
magmatic arcs.
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1. Introduction

Tufa is a variety of carbonate rocks formed as a result of
abiotic/microbially precipitation of calcium carbonates
from inland alkaline freshwaters including fluvial
streams, shallow lakes, lacustrines, palustrines and
natural springs at ambient-temperature (Andrews 2006;
Sallam 2022). The Kharga Oasis, an erosion-related
depression in the south-central part of the Western
Desert, appears to be a world-class geosite and a natural
laboratory for the study of the fossilized-spring
calcareous tufa. The Kharga Depression is made up of a
thick-bedded succession of Late Cretaceous-Paleogene
age. The depression comprises large, thick
accumulations of Quaternary paleospring-deposited tufa
being localized at carbonate-dominated areas where
karstification process was working actively during
periods of increased rainfall and groundwater discharge.
Calcareous tufa deposits are widely distributed along the
retreated eastern and southern escarpments of the Kharga
at the Nagb El-Kharga, Naqb El-Refuf, Nagb Bulaq,
Nagb El-Rizeiqat, and Wadi El-Midawara. Tufa deposits
in these localities are found at different elevations on the
plateau surface, scarp-faces (35m), and along the courses
of wadis (5.0m). Lithologically, the investigated tufas
are characterized by surficial, soft, semi-friable to solid
carbonate crusts, highly porous and vesicular textures,
with abundant macrobiological components dominated
by in-situ encrusted phytoherms and bryophytes,
invertebrate snails, algal mats and cyanobacteria. These
tufas were most likely deposited by spring-fed fluvial-
lacustrine systems, characterized by terraced, vegetated
stagnant pools surrounded by arcuate tufa dams and
separated by small waterfalls. Photosynthesis and
respiration processes by macrophytes, algae and
cyanobacteria contributed to CO,-degassing, facilitated
the precipitation of tufa carbonates. Structurally-induced
fissures in the older bedrocks provide good paths for
groundwater to emerge from shallow karstic aquifers
perched above the main Nubian Groundwater Reservoir
during Pleistocene pluvial times.

2. Results and discussion

X-ray diffraction analysis of the Kharga tufas showed the
predominance of low-Mg calcite. Macroscopic and
microscopic investigations revealed the occurrence of
both allochthonous and autochthonous components,
which consist of clotted, micritic lime-mudstones,
peloidal/pisolitic grainstones, phytohermal boundstones,
intraclastic rudstones/packstones, laminated crystalline
flowstone, and wavy laminated, stromatolitic-like

boundstones. Diagenetic features include cementation,
recrystallization, micritization and subaerial Kkarstic
dissolution. Isotopic signatures from the Kharga tufas
displayed negative §'%0 values (average -10.34%o V-
PDB) and negative 8'°C values (average -2.54%o V-
PDB) suggesting precipitation from meteoric
environment, probably phreatic under humid conditions
with increased rainfall and weathering. The Kharga tufas
were dated using uranium-series geochronological
method from > 400 ka of plateau tufa to 103 + 14 ka of
scarp tufa and 504 + 0.1 ka of wadi tufa, which
correspond to the late marine isotope stage MIS 6 to MIS
5e humid phase determined across N Africa.
Tufas are susceptible sediments to environmental and
climatological oscillations (Ford and Pedley 2006;
Pedley 2009), therefore, the Kharga tufas can provide
critical records of the local/regional terrestrial
paleoenvironmental, hydrogeological and paleoclimatic
conditions of the eastern Sahara during the recent
geological past, the conditions which were fairly humid
and, thus, differ from the presently hyperarid climate.
Floral pollen-grains incorporated within tufa deposits
can also give important signals about paleovegetation
and paleoclimate. Additionally, the common occurrence
of lithic artifacts encased within the fossil-spring tufas
ascertains that the Quaternary pluvial, wet periods of the
eastern Sahara were concomitant with human/hominid
occupations. Therefore, the great importance of
fossilized-spring tufa, as worldwide well-preserved
archives helpful for the reconstruction of the past
environmental and climatic conditions, encourages us to
recommend the establishment of " Tufa World Geopark"
at the Kharga Oasis which, will promote geotourism,
geoconservation, and social-economic sustainable
development in this remote oasis in the Sahara.
3. References
Andrews JE (2006) Palaeoclimatic records from stable
isotopes in riverine tufas: synthesis and review. Earth-
Science Reviews 75: 85-104
Ford TD, Pedley HM (2006) A review of tufa and
travertine deposits of the world. Earth-Science
Reviews 41:117-175
Pedley HM (2009) Tufas and travertines of the
Mediterranean region: a testing ground for freshwater
carbonate concepts and developments.
Sedimentology 56:221
Sallam ES (2022) Facies and early diagenesis of
rainwater-fed paleospring calcareous tufas in the
Kurkur Oasis area (southern Egypt). Carbonates and
Evaporites 37: 46

PW 2024, Johannesburg, South Africa

December 5 — 6t 2024



/3%¢ WHEEL Seminar in Johannesburg,”

7 1GS  “Precambrian World 2024”

THE EVOLUTION OF SINAI AND THE NORTH EASTERN
DESERT SEGMENTS THROUGH RIFTING DURING THE
INITIATION OF THE PAN-AFRICAN OROGENY

Dawoud, M. ,”! El-Dokouny, H.A.,” Mahmoud, A.Sh.,* Shebl, A.,**
Abdelkader, M.A., %" and El-Lithy, M.A.,?

1 Geology Department, Faculty of Science, Menoufia University, Egypt
dawoud_99@yahoo.com * Corresponding author
2 Geology Department, Faculty of Science, Menoufia University, Egypt
hanaaabdelnaby4@gmail.com
3 Department of geology, University of Fayoum, Al-Fayoum, Egypt

asm07@fayoum.edu.eg

4,5 Department of Mineralogy and Geology, University of Debrecen, Hungary
Department of Geology, Faculty of Science, Tanta University, Egypt
ali.shebl@science.tanta.edu.eg
6,7 Department of Earth Resource Science, Akita University, Japan
Department of Geology, Faculty of Science, Menoufia University, Egypt
mohammed.ali19924487@gmail.com
8 Geology Department, Faculty of Science, Menoufia University, Egypt

maielleithy24@gmail.com

1. Introduction

In the Arabian Nubian shield, (Fig. 1). the scientists
and research articles are mostly talking about the
subduction and arc stage: the event, the setting, the
outcomes and the related rocks. But what about the
pre-arc stage???. The Wilson Cycle postulates the
evolution of ocean basins commences with
continental breakup (rifting) followed, in sequence,
by ocean spreading, subduction initiation, mid-ocean
ridge, subduction, and concludes with continent-
continent collision. Note that in this simplest form,
the Wilson Cycle does not consider the consequences
of creation and destruction of back arc basins, or
formation, transport and accretion of elongated slivers
of pre-existing continent from one continental block
to another, Buchs et al., 2013. Several questions are
arising in this topic, as can be delineated in other
orogenies and in comparison, among those 1- when
the rifting (or pre-orogenic rifting) in the pan-African
orogeny started? What is the event which can be
dated (or more or less precisely bracketed and
estimated) and considered as the trigger or launching
this rifting which in turn define the lower limit of the
pan-African orogeny? 2- What are the structural,
lithological traces, imprints and outputs of this rift
stage? 3- Why the rocks of this stage cannot be
inferred or misunderstood or not so obvious or
neglected within the Arabian-Nubian shield? 4- How
long is the duration of the rifting in the pan-African
orogeny and the transitional stage to the widespread
subduction stage???

When did the pan-African orogeny start???:

The initial magma that is generated in an orogeny
dates and determines the birth of this orogeny.
However, there must be time for preliminary
tectonics, structural, geomorphological and
geological changes until the area becomes fertile and
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pregnant. A rift is an elongate depression, typically
more than 100 km long and tens of kilometers wide,
filled with air, water, or rock. It marks a place
beneath which the lithosphere has broken in extension,
Burke 2011. Even before the rift reaches kilometres
long or across it becomes trap and place of
sedimentation where the accumulation of clastic
sediments, organic and chemical precipitates (e.g.,
evaporites, carbonates, cherts) occurs. As the rift
basin widens and deepens two contemporaneous,
superimposed or sequential tectono-magmatic events
are possible and invoked: 1- the partial melting of the
massive and huge rifted crustal blocks due to their
friction along the widespread faults, 2- the seepage
and eruption of the mantle magma due to the deep
faults reaching into the mantle.

2. Results and discussion:

Based on our research results and re-appraisal of
published data new ideas concerning the development
and evolution of North Eastern Desert and Sinai have
been invoked and ascertained. Those data and ideas
are related to the preliminary events and the
associated rock types that formed the pan-African
orogeny and the Arabian-Nubian shield, El-Lithy
2017. The features and evidences can be postulated
from geological, lithological, geochemical, isotopes
and ages of some relict and inherited zircons, clasts
and some exposed intermediate to acidic volcanic and
plutonic rock types. Ages from those old staff ranges
from 1031 to 740 ma which is clearly older than the
first oceanic crust represented in the exposed
ophiolites that not older than 750 ma. Of course
those age boundaries still need refinement.
Geological, geochemical, isotopes and ages from
some exposed rock varieties, clasts and remnant
micro-components (relict zircons) refer to pre-oceanic
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crust stage in the North Eastern Desert and Sinia.
According to the evaluation of the available data and
our understanding, deciphering and analyzing the
whole events and situation there must be pre-orogenic
rifting stage (pre-oceanic crust) pre-date the island
arc stage in the Arabian-Nubian shield. That stage
resulted in some magmatic activities (pre-orogenic
rift-related) that started gradually from the extreme
northern tip of the Arabian-Nubian shield (from
Sinai; e.g. Um moneiga) into the south (North Eastern
Desert, e.g. Um Mongul). According to this scenario
zipper rift type is invoked to describe this situation.
The magmatic products of this stage are represented
by some acidic to intermediate plutonic and volcanic
varieties with relatively higher ages compared to their
counterparts in the Island arc stage. As those
magmatites (and probably some migmatites and
metmophites were resulted from (was born by)
melting of the pre-existing crust they clearly preserve
their chemical signatures with some relict isotopes
and ages.

Figurel. Arabian-Nubian shield. After Johnson et al.
(2011) and references therein)
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1. Introduction

Recent geological mapping by the Ghana Geological
Survey Authority within the metacratonic Buem
Structural Unit in the southeastern part of Ghana
revealed the occurrence of iron-rich rocks within a
general succession of basal sandstone, shale, cherty
carbonate, chert, ironstone and sandstone.

2. Results

Some of these rocks are, in places, associated with
serpentinised  mafic/ultramafic  bodies. Well
preserved and obviously primary iron-rich rocks
generally occur as grey to dark grey, massive to well-
bedded or banded wunits traceable for tens of
kilometres along strike. Individual bands display
variable thickness on the cm scale.

3. Discussion

The

alternating iron and silica rich layers especially
present in jaspilitic samples look similar to Rapitan
BIF. In general, highly weathered supergene-
derived or enriched iron ore overlies the primary
material in many areas of outcrop. The occurrence,
field relations and general petrographic features,
especially the presence in some outcrops of what
appears to be “diamictic” features, suggest the
ironstone may be closely related to glacial
diamictites of the Neoarchean or Sturtian snowball
earth events.

PW 2024, University of Johannesburg, South Africa

Figurel: Banded Iron Formation from the Buem
Structural Unit (BSU).
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1. Introduction

Integrated petrographic, Scan electron Microprobe,
and geochemical investigations of ore and host rock
samples from the Esaase mine, Akroma Gold, reveal
valuable insights into gold mineralization.

2. Results

Scan electron Microprobe analysis confirms gold
occurrence in fractures, inclusions, and occlusions
within pyrite, with potential sub-microscopic gold
grains in matrix quartz, carbonate, and mica.

Geochemical data show:

- Gold correlation with pyrite and sphalerite

- Arsenopyrite (FeAsS) and galena (PbS) rarity or
absence, minimizing environmental concerns

- Low concentrations of deleterious elements (As,
Pb)

3. Discussion

In general, rarity or absence of arsenopyrite (FeAsS)
and galena (PbS) in many samples of both ore and
host rocks investigated that could potentially
contribute deleterious elements (e.g. arsenic and
lead) suggests that the Akoase mineralisation may be
mined and/or processed without much introduction
of these potentially harmful elements into the
surrounding environmental compartments.
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Figurel: Photograph of the rock specimen, showing
pyrites.
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1. Introduction

Carbonaceous sedimentary rocks are common in the
Paleoproterozoic Birimian of Ghana, and mostly host
gold mineralization that occurs as free milling type in
quartz-veins or as a refractory type within quartz vein-
associated sulphide (Oberthur et al., 1997). The
association of organic and sulphidic-rich rocks with
gold occurrences is considered a prominent
metallogenic source (e.g. Tomkins, 2013; Hu et al.,
2016). Shale (Fig. 1a) and greywacke (Fig. 1b) from
the sedimentary succession of the Julie belt in NW
Ghana have been examined petrographically at the
University of Johannesburg (UJ). Isotope data (carbon-
3!3C and sulphur-5°*S) was collected on samples at the
NRF-Ithemba Labs (South Africa) using the Flash HT
Plus elemental analyser coupled to a Delta V
Advantage isotope ratio mass spectrometer by a
ConFlolV interface. Gold content in bulk rocks and
sulphides was measured using an ICP-MS facility at
BVM laboratory (Vancouver, Canada) and a
CAMECA SX100 electron probe microanalyser
(EPMA) at UJ respectively.

2. Results

Samples show a moderate to dark grey colour due to
variable content of organic matter (OM). Greywacke
contains fine-grained pyrite (Fig. 1b) with distorted
colloform features (Fig. lc) of irregular concentric
laminae and layer of pyrite. Greywacke is weakly
deformed relative to the shale samples. Sheared shale
is marked by milky to translucent Qz-Cb + K-Fsp veins
associated with arsenopyrite (Fig. la). SEM-EDS
analyses indicate that sulphides (Fig. 1d) are
commonly arsenopyrite and pyrite with minor
chalcopyrite. Sulphides occur as disseminations but
are mostly restricted to cleavage planes rich in

carbonaceous matter (Fig. 1d), iron oxides and chlorite.

Arsenopyrite dominates with needle-like shapes
parallel to foliation, and occurs as intergrowths or as
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overgrowths largely with pyrite. The shales and
greywackes have 8'3C values in the range of -23.0 to -
14.0 %o and -27.0 to -30.0 %o (Table 1) respectively.
Sulphur-8**S values (Table 1) from the shales and
greywackes show respective range of -8.0 to -22.0 %o
and -0.8 to +5.0 %o. Bulk rock ICP-MS gold analysis
of samples reveal traces of gold in greywacke (1.8 to 4
ppb) and sheared shale (1.3 to 1482 ppb). EPMA of
sulphide from mineralized sheared shales recorded
assay values of 4 —176 ppm.

Figure 1. (a) Sheared carbonaceous shale characterized
by quartz (Qz)- carbonate (Cb)-sulphide + potassium
feldspar (K-Fsp) vein. (b) Hand sample of organic
rich-greywacke containing fine-grained pyrite. (c)
Distorted colloform feature marked by pm-scale
irregular concentric laminae and layer of pyrite. (d)
Sheared graphitic shale contains aggregates of pyrite
(Py) and arsenopyrite (Apy) along foliation plane

Table 1: Carbon and sulphur isotope composition of
shales and greywackes from the Julie belt, NW Ghana
Samples Rocktype  8C (%0)  33*S (%o)
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Cl-1 Shale -18.0 -8.0
C1-2 Shale -21.0 -
Cl1-3 Shale -21.0 -
C2-3 Shale - -9.0
Al Shale -20.0 -13.0
A7 Shale - -22.0
A9 Shale -23.0 -18.0
K7-2 Shale -14.0 -
DANI1 Greywacke -28.0 +4.0
SDK Greywacke -30.0 -0.8
SDK 3  Greywacke -27.0 +5.0
SDK 4  Greywacke -28.0 +2.0

3. Discussion

In greywackes, the presence of colloform pyrite
depicts a diagenetic growth processes within a
sedimentary environment; the pyrite growth developed
largely via biogenic activity, and other likely growth
mechanisms of pseudomorphic replacement and
inorganic precipitation during formation (e.g., Gao et
al.,, 2016). The distorted colloform textures as
ellipsoidal form are consequences of subsequent
deformation and/or metamorphic events. Conversely,
in sheared shales, the remarkably well-formed textural
features of arsenopyrite and subordinate pyrite
restricted to CM-rich foliation planes suggest syn-
kinematic and syn- to late metamorphic crystallisation
of these sulphides; and are part of the secondary
hydrothermal activity due to association with quartz-
carbonate veins.

The carbonaceous and sulphidic-rich shale and
greywacke are possible sources for Birimian
metasedimentary-hosted Au in NW Ghana gold
deposits; and that microbial activities likely facilitated
the formation of precursor sulphides that incorporated
Au; which was later transported via suitable structural
conduits by probable complexes of Au-S and/or
organic-ligands; and became trapped/deposited into

recrystallized  euhedral  sulphides largely of
arsenopyrite and pyrite, and less commonly
chalcopyrite.

The 3!3C and 8*'S isotope characteristics of sheared
shales and organic-rich greywackes indicate that
biological processes or sources played a role during the
sedimentary derivation of these rocks and subsequent
gold mineralization. And that the CM present in these
rocks may have played multiple roles; as a major
control on pyrite formation (e.g., Berner, 1984;
Falconer et al., 2006), as an electron donor in gold
precipitation (e.g. Craw et al., 2015); as organic
ligands in Au transport (e.g. Williams-Jones and
Migdisov, 2007); as a reductant that reacts with Au-
bisulfide to cause direct deposition of gold (Hayashi
and Ohmoto, 1991); and as lubricant that may aid in
the formation of shear zones (e.g. Upton and Craw,
2014).
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1. Introduction

The Leo-Man Shield of the West African Craton
(WA, Fig.1) is a crustal massif in the sub-Saharan
region of West Africa, and several greenstone belts
called the Birimian, which were formed about 2.3 to
2 Ga, are distributed in its eastern part of the shield
(Milesi et al., 1992). It is not clearly understood that
the tectonic development of oceanic island arc crusts
(until about 2.2 Ga) that are assumed to be a
protoliths of the Birimian greenstone belts
(Grenholm et al., 2019). In this study, we focus on
the southern Ashanti Belt in Ghana, which only has
areas exposing the sedimentary sequences of the
Birimian along the coastline in the WAC. The
continuous outcrop is expected to provide records of
formation process of this Birimian oceanic island arc
crust. Especially in the Cape Three Points area, a
well-continuous
stratigraphy is exposed. The depositional age of them
was constrained to before 2172 Ma by zircon age of
1992). The

volcanic-volcaniclastic

granitic intrusions (Hirdes et al.,
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objective of this study is to clarify the stratigraphy,
structure, and age of the volcanic rocks in order to
reconstruct the tectonic evolution and stratigraphic
history of the area.

2. Stratigraphy

Field survey revealed a continuous lithologic
succession of about 8000 m in total structural
thickness from ultramafic complex in the western
part to volcaniclastic metasedimentary rocks in the
eastern part. Those rocks strike NE-SW trend with
some local variation, and eastward dipping and
younging. The eastern flank of the study area is
margined by later granitoid. At the western flank of
the ultramafic complex is bounded from the western
granitoid pluton with a small amphibolite
deformation zone. The eastern volcaniclastic
sequence is structurally overlying the ultramafic
complex. There are well-preserved stratigraphic
units that are mainly composed of basalt and
andesitic volcaniclastic turbidite deposits and
pyroclastic deposits. The lower unit consisting with

Figure 1. Geological map of
southern West Africa
Craton (after Milesi et al.,
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fine-grained turbidite represents constant input
resulted in the rhythmical volcaniclastic turbidity
sequence. On the other hand, the upper sequence
consisting with coarser and thicker volcaniclastic
deposits and lava deposit, which represents larger
volcanic event deposits intercalated within the
constant sedimentation condition. At the top of the
sequence, the volcaniclastic deposits changed to
dacitic composition from basaltic-andesitic deposits
of the lower and upper parts. These volcaniclastic
and volcanic rocks occurred in the area were
volcanic-arc basalt type chemical compositions in
the discrimination method by Pearce (1973).

3. Geochronology (U-Pb zircon)

The uppermost dacitic tuff was dated and the mean
2172+6.1 Ma (SHRIMP, n=35, MSWD=1.07). Mean
age of a porphyry dike intruded into the
volcaniclastic beds in the upper middle part of the
sequence was 2265+4.6 Ma (SHRIMP, n=48,
MSWD=0.95). Leucogabbro occurred in eastern
flank of the ultramafic complex was 2282.28+0.57
Ma (CA-ID-TIMS, n=3).

4. Discussion

Geology of the study area is estimated to have been
formed by long-term continuous volcanic material
supply of basaltic, andesitic and dacitic volcanic
sediments into sedimentary basins around the island
arc volcanoes. That basin is underlain by the
ultramafic complex which could be architected at
2.28 Ga as a basin basement. Overlying basaltic and
andesitic volcanic sediments were deposited on the
basement before 2.26 Ga. They are covered by the
dacitic volcaniclastics of 2.17 Ga at the top of the
sequence. It likely has a stratigraphic hiatus of about
90 million years between them. The 2.17 Ga dacitic
volcanism was synchronous with the surrounding
large granitoids (Hirdes et al., 1992), which could be
a timing of the magmatic evolution of the region. So,
this should be distinguished from the early basaltic
and andesitic volcanism in the Ashanti belt, for the
better classification of the volcanic stratigraphy.
Geochronological constraints suggest that island-arc
igneous activities of the Ashanti belt have started
around 2.28-2.26 Ga, which infers the subduction
deriving the magmatism in the Ashanti belt was
initiated before that.
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1. Introduction

The Birimian of the West African Craton comprises
a Palaeoproterozoic granitoid-greenstone terrain.
Among the greenstone belts is the NE-SW trending
Bole-Nangodi belt located in the northern part of
Ghana (Leube et al., 2009; Block et al., 2016). It
consists of volcanic and volcaniclastic rocks (basalt
to rhyolite) and immature sedimentary rocks
(greywacke, shale), and is flanked on both sides by
extensive granitoid complexes (Attoh, 1982; de Kock
et al., 2012; Block et al., 2016). These rocks have
been affected by the 2.1 Ga Eburnean orogeny,
which deformed and metamorphosed the rocks
under greenschist facies conditions, accompanied by
gold mineralization (Abouchami et al., 1990;
Feybesse et al., 2006). Until the recent gold deposit
discovery by Cardinal Resources (Namdini Gold
Project) in the Nangodi belt (Tomlinson et al., 2020),
very little attention had been given to the rocks in
the belt and the associated gold mineralization. This
study presents U-Pb zircon ages, (ore) petrographic
observations, and whole rock major and trace
element data, from outcrop and drill core samples
(including drill cores from the Namdini Gold
Project).

2. Results

Rock types identified in the area include
metavolcanic rocks of basaltic to andesitic origin
that may be calc-alkaline or tholeiitic, muscovite
granite, alkali feldspar (Bongo) granite and organic-
rich shales. These rocks are generally deformed and
characterized by intense alteration associated with
CO2-rich  hydrothermal fluids, and sulphide
mineralization that hosts gold. Hydrothermal gold
mineralization is associated with disseminated
sulphides that occur with quartz-carbonate veins
and are usually restricted to high-strain zones in the
metavolcanic rock. Two types of sulphide
mineralization in the area are; Type I — pyrite-
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arsenopyrite-dominated, and Type II — pyrite-
dominated. U-Pb data yielded ages of 2160 + 4 Ma
for the metavolcanics, 2119 + 5 Ma for the muscovite
granite and 2100 + 9 for the alkali feldspar granite

3. Discussion

Geochemical characteristics of the rocks in the area
suggest arc-related volcanism and plutonism
accompanied by sedimentation in inter-arc basins.
However, the rocks have been deformed and
metamorphosed under greenschist facies conditions
resulting in high-strain domains characterized by
quartz-carbonate veins and associated sulphide
mineralization. Deformed veins, foliation-parallel
orientation of sulphides and pressure shadows
suggest syn-tectonic precipitation of the sulphides.
Compositional zoning in the sulphides implies
changes in the chemistry of ore-forming fluids
resulting in two main stages of ore deposition (stage
I — earlier pyrite-arsenopyrite deposition; stage II —
late-stage pyrite deposition). The gold is hosted as
solid solutions mainly in arsenian pyrite and
arsenopyrite. The metavolcanic rocks
deposited at ca. 2160 Ma and were intruded by
muscovite granite and alkali feldspar granite at ca.
2119 Ma and 2100 Ma with gold mineralization
occurring in the time interval between the

were

emplacements of the granites.
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1. Introduction

In recent years, using the youngest detrital zircon
dates for sedimentary deposits, generated with the
LA-ICP-MS technique, has become a common
method for constraining depositional ages.
Researchers often use the Maximum Depositional
Age (MDA) as a proxy for a True Depositional Age
(TDA). However, it has been shown that Pb loss
from zircon can significantly affect LA-ICP-MS U-
Pb zircon dates (Sharman and Malkowski, 2024),
potentially resulting in individual zircon U-Pb dates
being younger than their crystallization ages
(Sharman and Malkowski, 2020).

In the Moldova-Podillya basin in southwestern
Baltica, Paszkowski et al. (2021) conducted U-Pb
LA-ICP-MS analyses on zircons from sandstones of
the lower Kanyliv Group, obtaining MDA ages of
529 + 10 Ma, 532 + 6 Ma, 531 + 8 Ma, and 523 + 5 Ma,
which are inconsistent with known biostratigraphic
age constraints, indicating the late Ediacaran age
(e.g., Ivantsov et al., 2015). Previously, the boundary
between the late Ediacaran (Kanyliv Group) and
early Cambrian (Baltic Group) was defined by the
first appearance of the Phycodes (=Trichophycus)
pedum ichnofossil zone (e.g., Ivantsov et al., 2015).
However, the obtained ages suggest that this
boundary should be placed below the Kanyliv Group,
at the contact with the Mohyliv-Podilsky Group.

To address this discrepancy between geochronologic
and biostratigraphic data with the view of the
recently highlighted concern over undetected Pb
loss in LA-ICP-MS analyses affecting the dates,
zircon treatment by chemical abrasion (CA) and
analysis using isotope dilution—thermal ionization
mass spectrometry (ID-TIMS) is required. We
sampled sandstones from the lowermost part of the
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Pylypy Beds, Danylivka Formation, lower Kanyliv
Group, in the northern Moldova-Podillya basin,
near the village of Naslavcea, Ocnita county,
Moldova. The zircons were dated using the SHRIMP
U-Pb method, followed by U-Pb CA-ID-TIMS, to
determine whether the Kanyliv Group belongs to
the late Ediacaran or early Cambrian.

2. Results

Following standard zircon separation procedures,
200 detrital zircons were dated using the U-Pb
SHRIMP method, of which 115 were concordant.
Using the Maximum Likelihood Age (MLA) method
(Vermeesch, 2021), the MDA was determined to be
530 + 10 Ma. After chemical treatment and
subsequent ID-TIMS dating, the same zircons that
defined the MDA yielded an age 0of 553.20 + 0.25 Ma,
consistent with the biostratigraphic constraints.

3. Discussion

The Maximum Depositional Age (MDA) obtained
with the SHRIMP U-Pb dating of detrital zircons
from the Pylypy Beds, Danylivka Formation, lower
Kanyliv Group in the northern Moldova-Podillya
basin yielded an age of 530 + 10 Ma, which is
younger than the revised Ediacaran-Cambrian
boundary age of 538.8 + 0.2 Ma (Linnemann et al.,
2019). Such result would necessitate reconsidering
the Ediacaran-Cambrian boundary placement in
southwestern Baltica. CA-ID-TIMS
dating of the same youngest zircons provided a
markedly older age of 553.20 + 0.25 Ma, emphasizing
the importance of using CA-ID-TIMS for high-
precision chronostratigraphic studies, as Pb loss can
cause an apparently younger date than the
depositional age of sediments.

However,
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1. Introduction

The Great Oxidation Episode (GOE) at 2.43-2.1 Ga
irreversibly changed biogeochemical cycling on
Earth’s low-oxygen surface towards conditions
controlled by free atmospheric oxygen. Before that
redox cycling was only locally expressed near “oases”
with high primary biological productivity. Uranium as
a redox-sensitive element is insoluble under anoxic
surface conditions, like Th, but decouples from Th
under oxic surface conditions, resulting in its high
concentration in modern oxic oceans (3*10° g U vs.
0.4*10"5 g Th) and corresponding long seawater
residence time. It is removed in anoxic settings and
thus strongly enriched in organic-rich shales.
Compilation of U concentration data for Precambrian
and Phanerozoic black shales (Partin et al., 2013)
revealed that the pre-GOE shales are not strongly
enriched in U above the average upper continental
crust (UCC; Rudnick and Gao, 2014) level, consistent
with largely anoxic surface conditions during their
deposition. However, concentration data cannot
unequivocally resolve whether U was still soluble at
low concentrations in seawater at the time of
deposition. A long-term record, utilizing a highly
sensitive redox proxy, is therefore required to address
this question. Modern, pure carbonates have ppm-level
concentrations of U, derived from seawater, whereas
their Th contents are very low. The Precambrian
carbonate record is therefore well suited to explore
when U and Th became decoupled in seawater due to
oxidative surface processes.

2. Results

U-Pb and Pb-Pb isotope dated, shallow-marine,
sedimentary carbonates may bear on U decoupling
from Th in the pre-GOE surface environments. A
compilation (~80 datasets) of U-Pb and Pb-Pb isotope
data from literature for sedimentary carbonates with
dates close to their depositional ages, ranging between
3.1 Ga and 50 Ma, indicates that their U-Pb and Pb-Pb
isotope systems were not affected by post-depositional
alteration and remained closed since carbonate
deposition. The isotope data has been screened for
outliers and was used to calculate time-averaged kappa
(Th/U) wvalues with propagated uncertainties to
constrain whether U and Th were coupled or
decoupled in seawater from which these carbonates

precipitated. While there are few pre- and syn-GOE,
and ca. 1.9 Ga literature datasets with near to or even
above the average upper continental crust (UCC)
kappa values (« = 4.0; Rudnick and Gao, 2014), the
majority of the dataset yield values <1.4, well below
the UCC kappa value regardless of their depositional
age.

2. Discussion

These data indicate that U was decoupled from Th in
the early Earth oceans since at least ca. 3.0 Gyr ago,
and must have been soluble at low concentrations
under largely anoxic terrestrial and shallow-marine
conditions during the Archean. It requires that some U
was oxidized on land, transported in rivers as dissolved
U%", and delivered to and deposited with carbonates on
shallow-marine carbonate platforms, and with organic
matter in anoxic deeper marine settings. There is a
significant change in the average Th/U during the GOE
towards lower values, indicating growth in the
seawater U reservoir under oxygenated atmospheric
and shallow-marine conditions. Finally, the second
ingrowth in seawater U reservoir corresponds to the
Neoproterozoic Oxygenation Event in the late
Neoproterozoic.
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1. Introduction

Nitrogen is a limiting nutrient for life, and its
bioavailability throughout the Earth history is crucial
for understanding the biological evolution (Stiicken et
al., 2016). Here we present organic carbon and
nitrogen isotope data for organic matter-rich black
shales of the ca. 3.2 Ga Fig Tree Group, Barberton
Greenstone Belt, South Africa.

The studied section is located in the southeastern part
of the Barberton Greenstone Belt, where the Fig Tree
Group is well exposed along the Komati River. Black
shales were collected from the ~130 m section

comprising finely laminated shales and cherts.

2. Results and Discussion

In the studied section, organic carbon and nitrogen
contents (TOC and TN) range from 0.1% to 5.3% and
from 0.03% to 0.44%, respectively. '*Corg and 8" Nouik
values are from —32.4%o to —20.3%o and from +1.7%o
to +8.5%o. Metamorphic effects on the 3! *Nyuik data are
likely minor, based on absence of significant
correlations with TN and C/N molar ratios, as well as
the low metamorphic grade of the Barberton
Greenstone Belt.

The positive nitrogen isotope values cannot be
explained by nitrogen fixation alone since nitrogen
fixation imparts an isotope fractionation of only a few
permil (Stiieken et al., 2016). Hence, positive 8" Nopuik
data for the Fig Tree Group are suggestive of the
development of an ocean nitrogen reservoir with an
elevated nitrogen isotope composition in the ~3.2 Ga
ocean.

The principal mechanism for the positive 8'*Npuik
values is still uncertain. In the modern oxic ocean,
denitrification and annamox under reducing conditions
at oxygen minimum zones elevate 3'°N values of the

nitrate reservoir via preferential release of '*N (Sigman
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et al., 2009). However, the Archean ocean is thought
to have been dominantly anoxic conditions even in the
surface ocean. In this case, nitrogen was likely present
as ammonium rather than nitrate. If true, partial
ammonium oxidation coupling with reduction of Fe
oxides seems a plausible candidate for the
development of the ammonium reservoir with positive
3N compositions. Interestingly, a recent Fe isotope
study on the BARB 4 core containing the Fig Tree
Group deposits suggests weakly oxygenated
conditions of the surface ocean (Satkoski et al., 2015).
If this is the case, Fe was likely oxidized above the Fe
redoxcline, followed by Fe reduction coupling with
oxidation of ammonium, methane, and organic matter.
Importantly, black shales in the middle section are
enriched in organic matter (TOC > 2%) and have low
83Corg and high 3" Nopuk values (83Corg < —30%o,
3Npuk > +6%o) relative to the lower and upper
sections (3Corg ~—25%0, 8 Nobuic ~+4%o), which is
consistent with the inference. We consider that the
redox cycling of Fe has resulted in the drawdown of
nitrogen bioavailability and that might have been a

factor buffering biological Oz production rates.
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ABSTRACT

The Aravalli Delhi Belt (ADB) in western India hosts
three major base metal deposits, namely Rajpura-
Dariba, Rampura-Agucha and Zawarmala. Ore
mineralizations of these deposits are hosted in
Paleoproterozoic volcano-metasedimentary rocks of
ADFB. In this contribution, 6B of the
Paleoproterozoic seawater is reconstructed by using
8B of tourmaline from Rajpura-Dariba, Zawarmala,
Rampura-Agucha, Mangalwar Complex (MC) and
Gangpur Schist Belt (GSB) to constrain the source of
the ore-mineralizing hydrothermal fluids in
SEDEX/MVT deposits. Texturally two different
generations of tourmaline are identified in Rajpura-
Dariba and Zawarmala deposits, i.e., Tur-I and Tu-II.
Tur-I is syngenetic with ore-mineralization, while
Tur-II is metamorphic. On the other hand,
tourmaline identified in the Rampura-Agucha
deposit represents metamorphic growth. B-isotopic
compositions of syn-ore tourmaline (Tur-I) from
Rajpura-Dariba and Zawarmala ranges between -
18.8%0 and -16.1%o, and between -6.6%o0 and -
4.0%o0, respectively. However, the metamorphic
tourmalines from Rajpura-Dariba, Zawarmala,
Rampura-Agucha, MC and GSB have &''B values
ranges between -19.1 to -15.7%o, -12.4%o to -7.7%o,
-15.0%0 and -13.4%o, -15.8%0 to -14.7%o, and -
12.3%o0 and -11.3%o, respectively.

The 6"B of metamorphic tourmaline are
analyzed to estimate the 8!'B of the protolith of
metapelite, applying P-T pseudosection modelling
and mass balance calculation. Further, 8!'B of
marine sediments were calculated to be -15.1%o to -
10.2%o0, using the B-isotope fractionation factor
between Miocene shale and modern clay (A" Bmiocene
shale - modern clay = -3.8%0 to -2.2%o0). Subsequently, the
81B of Paleoproterozoic seawater is estimated to be
+27.3%0 to +33.4%o, using B-isotope fractionation
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factor between modern clay and seawater (A''Bmodern
clay - modern seawater = -45.2%0 to -40.8%0. On comparing
the 8!'B values syn-ore tourmalines from Rajpura-
Dariba (-18.8 to -16.1%0), Zawarmala (-6.6 to -
4.0%o) and global SEDEX/MVT deposits, the lighter
8!B values of syn-ore tourmaline from SEDEX/MVT
deposits indicate that boron required for tourmaline
formation  during syn-sedimentary = Pb-Zn
mineralization is primarily sourced from non-
marine evaporites. Therefore, dissolution of non-
marine evaporites in the rift settings are the major
source basinal brines for the formation of ore-
mineralizing fluids SEDEX/MVT deposits.

Key words. Tourmaline, SEDEX, MVT, basinal brine,
ore-fluid, B-isotope, Pb-Zn mineralization
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1. Introduction

The Matsitama area, in northeastern Botswana is
known to host Cu-mineralization. Lomberg et al.
(2007) described the general geology, structure, ore
and gangue minerals, and the type of deposits,
present in the area. However, further research is
essential to clarify the characteristics of fluids
related to the Cu mineralization. Hence, we
collected mineralized samples from a borehole used
in the project (Lonberg et al., 2007) and investigated
the mineralogy as preliminary work.

2. Geology

The Matsitama Metasedimentary Group, which is
part of the Zimbabwe Craton, consists of
metasedimentary rocks such as arkoses, pelites and
carbonate rocks and metavolcanic rocks such as
greenschist and amphibolite (Carney et al., 1994;
Lomberg et al., 2007). Lintern (1982) described that
the Matsitama Group has few (ultra)mafic rocks,
which is different from the Tati Greenstone Belt.
Coomer et al. (1977) suggested that lead was initially
introduced into the sediments at 2.6-2.7 Ga.
According to Lomberg et al (2007), the copper
mineralization in this area is hosted in quartz-
carbonate unit, with the amphibolite forming the
hanging and footwall rocks.

3. Results

Sulfide minerals in the mineralized part consist of
mainly chalcopyrite and minor pyrite, sphalerite,
galena, bornite and pyrrhotite. Chalcopyrite is
typically observed as a single phase, exhibiting
anhedral shape and coexisting with bornite and
sphalerite (including “chalcopyrite disease”). Figure
1 shows a photomicrograph as an example of
occurrence of chalcopyrite. Pyrite grains typically
show euhedral to subhedral shape and often coexist
iron oxide. Furthermore, the textural relationship
analysis indicate that pyrite formed before the Cu-
sulfides. The gangue minerals in mineralized parts
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consist of mainly quartz and carbonate and trace
amount of two micas (predominantly biotite and
relatively minor muscovite). Grain size of quartz can
reach sizes of up to 700 pm and display a bimodal
distribution: (i) fine-grained aggregates (mostly <
100 pm) and (ii) coarser-grained portions (about 200
- 700 pm). Furthermore, relatively coarse quartz
shows undulose extinction indicative of deformation.
The carbonate, possibly calcite, has a variable grain
size (up to 1mm) and occurs as aggregates coexisting
with quartz.

4. Summary and next work

In the studied area copper mineralization is related
to the Cu-sulfide such as chalcopyrite and bornite.
These copper sulfides, as well as other sulfides, are
associated with a carbonate-quartz-mica assemblage,
which correlate well with the description provided
by Lomberg et al. (2007). Although it is evident that
hydrothermal fluid contained a certain amount of
Cu, suitable for the mineralization, other
characteristics of these fluids is not clear. The
analysis of mineral chemistry, especially of
sphalerite, along with fluid inclusion measurements,
combined with sulfide assemblage, are significant

for their elucidation.
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Figure 1 Chalcopyrite (Cu sulfide) in mineralized
part with minor pyrite and sphalerite. Darkest gray-
colored minerals are quartz and carbonate.
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1. Introduction
Fold-and-thrust belts, formed by horizontal
crustal shortening, are characterized by the
sequential formation of multiple shear zones (Frontal
Thrusts, FT) at the wedge tip during deformation.
While the deformation cycle varies depending on the
initial structure, understanding the underlying
mechanisms is crucial for comprehending tectonic
processes and material circulation within and around
the wedge. However, observing the deformation
cycles of natural structures, such as accretionary
wedges, which span tens of thousands of years,
remains challenging. As an alternative, these
phenomena have often been studied through
physical model experiments using dry sand
(Lohrmann et al., 2003). Since 2010, studies have
been examined the load cycle accompanying FT
deformation (Ritter et al., 2018) and have
investigated the FT formation process in detail using
Digital Image Correlation (DIC) (Dotare et al., 2016).
We also conducted wedge formation experiments
using layers of dry sand, aiming to understand the
in detail by

deformation cycle

synchronized load data and DIC analysis results.

comparing

From these experiments, we proposed dividing one
deformation cycle, indicated by the increase and
decrease of loads, into four stages: Stage I, II, III, and
IV. Moreover, we demonstrated that the transition
from Stage III to IV and then to I occurs as newly
formed FT reaches the surface. In this study, we
focused on the transitions from Stage I to II and Stage
IT to III, aiming to understand the relationship
between the entire load cycle and deformation in
sand-layer wedge formation. Previous studies have
often discussed sand-layer deformation based on
images captured from a single direction, either lateral
or overhead. In contrast, we used images captured
simultaneously from both directions to extract more
detailed deformation.

2. Physical model experiments

The sand-layer wedge was created by depositing
Toyoura silica sand (particle size: 106-300 pm) to a
thickness of 20 mm by free fall into an acrylic
container lined with a sheet (width: 118 mm, length:

693 mm, height: 158 mm). The sheet was pulled
horizontally at a speed of 0.125 mm/s for 250 mm,
pressing the sand against a fixed wall. The
deformation process was recorded at 1-second
intervals using a digital camera, and the horizontal
load during sheet pulling was also recorded using a
load cell. A data acquisition device was used to
synchronize load data with image data.

3. Results and Discussion

Using the strain results of the
experimental images, we examined the transition
from Stage I to II. Stage I is the period after the
formation of a new FT, during which the load
remains constant or gradually increases. During this
time, the FT of the previous generation continues to
displace, albeit at a reduced speed. Stage II follows,
marked by a sharp increase in load, during which the
previous FT almost ceases displacement. This
sequence of changes was prominently observed in
the analysis results using images captured from
overhead.

Similarly, we analyzed the transition from Stage II
to III. During Stage III, when the load increase
becomes gradual, slight strain was observed ahead of
the newly displaced FT. This strain is considered a
deformation zone known as the "weak shear bands"
(Dotare et al., 2016), which forms just before the
formation of a new FT.

analysis

By incorporating the results of this study into our
previous experiments, we clarified the relationship
between each stage indicated by the load cycle and
deformation. This appears to be a common feature of
FT formation occurring at the wedge tip.
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1-ABSTRACT: This study

addresses the challenges by
integrating sedimentological facies analysis with
seismic geomorphology of the Qawasim
Formation, deposited during the late Messinian
period. Utilizing integrated 3D seismic data, core
samples, wireline logs, and borehole image logs
from five wells in the Balsam field, we identify six
lithofacies types within the Qawasim Formation,
which are categorized into five facies
associations: fluvial channels, tidally influenced
fluvial channels, tidal channels, tidal bars, and
tidal flats within an estuarine regime. The model
identifies two primary cycles: the bottom cycle,
comprising fluvial channels surrounded by
overbank muds on a fluvial plain (designated as
Qawasim level 1), and the top cycle,
encompassing an estuarine system with tidal
channels and estuarine tidal bars surrounded by
tidal muds. Integrating sedimentological and
seismic attributes reveals that the Qawasim
Formation in the Balsam field indicates fluvial—
tidal deposition withina broader estuarine context
which improving hydrocarbon exploration and
production strategies in the surrounding blocks of
Balsam field.

INTRODUCTION: The Messinian incised-valley
fills within the Nile Delta region have been highly
productive in gas extraction for many years, with
substantial reserves yet to be explored (Dolson et al.,
2002). These formations comprise layered
sequences of fluvial channels mixed with estuarine
deposit sequences (Dolson et al., 2002). According to
the recent study performed by Selim and Abdel
Baset, (2020), the Qawasim Formation (Lower
Messinian reservoir) formed from four facies
associations represents the backfilling scenario
within the incised-valley domain. The tectonic
setting of the Balsam field significantly influenced
its sedimentary deposits during the Messinian
period by creating a dynamic environment
conducive to incised-valley formation and
sediment influx. This study aims to produce a
robust geological and depositional model for the
Lower Messinian section called the Qawasim
Formation within the Balsam field, located inside

the onshore part of the Nile Delta, the study aims to
identify and classify the lithofacies within the
Qawasim Formation based on a sedimentological
point of view inside a broad frame of the 3D seismic
data interpretation.

RESULTS: Six lithofacies 1-massive sandstone
(Sm),2-cross-laminated sandstone (SxlI), 3-
parallel-laminated sandstone (Sl), 4-heterolithics
(HI), 5-laminated mudstone (MI), and 6-
massive mudstone (Mm), respectively. The
Qawasim Formation depositional model in the
Balsam field is divided into five stages. Stage 1
corresponds to a fluvial regime that followed the
regional regression during the Early Messinian.
Stage 2 is considered a transitional state between
the fluvial and tidal regimes, which formed during
the early stage of marine transgression. Stage 3, the
depositional systemshifted from purely fluvial to
purely estuarine. Stage 4 does not suggest any sea-
levelrise due to a lateral shift from the estuarine
facies. Finally, stage 5 does not represent a
transgressional effect but rather the lateral shifting
of the estuarine facies, resulting in tidal channels
and tidal bars deposits.

CONCLUSIONS: Combining sedimentological
and seismic data with petrophysical propertiescan
enhance reservoir quality and performance
prediction models, offering a holistic subsurface
view. The insights from this study should be
incorporated into field devel- opment plans,
optimizing well placement and production
strategies to maximize hydrocarbon recovery in
the Nile Delta basin.
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The succession of the Palaeoproterozoic Birimian
belt of the Kedougou-Kenieba Inlier of western
Senegal is subdivided into the Mako and Diallé-
Daléma supergroups. The c. 2.2 Ga Mako Sgp
consists of tholeiitic pillow lavas overlying gabbros
and ultramafic rocks. The pillow lavas are overlain
by metacherts, shales, and carbonate rocks. This
assemblage represents a deep-water, oceanic crust
succession. It is intruded by calc-alkaline plutons,
and covered by calc-alkaline lavas and pyroclastic
rocks of the upper Mako Sgp, representing an
oceanic island arc. The Diallé-Daléma Sgp consists of
a thick (8-10 km) volcano-sedimentary succession,
with calcitic and dolomitic marbles, conglomerates,
breccias, greywackes, sandstones, shales, and ash
beds, possibly deposited in a back-arc basin [1].

Carbonate rocks of the Mako Supergroup lie directly
above tholeiitic pillow lavas, with associated banded
cherts and some thin organic-rich black shales.
These rocks also include hyaloclastic breccias,
containing angular fragments of vesicular basalt,
formed by explosive eruption of basalt on the
seafloor and enclosed in a carbonate matrix. The
Mako Sgp carbonates are mainly dolomitic marbles
with minor calcitic marbles. Their C isotopic
composition shows 613 C values ranging between
+7.9 and +11.2 %0 V-PDB (n = 18), indicating that
these were deposited during the
Lomagundi Carbon Isotope Excursion (LCIE) in
seawater composition between c. 2.2 and 2.06 Ga,
recorded by high 813 C values of sedimentary
carbonates with this age [2]. Their stratigraphic
position and high 813 C values are similar to those

carbonates

of marbles associated with seafloor pillow lavas in
the Ruwenzori Belt, Uganda [3]. Although the
isotopic disturbed by
metamorphism, as shown by large variations in 618
O and Mn/Sr values, the high 613 C values indicate
a source from 13 C-enriched seawater. The
sedimentary carbonates of the Mako Sgp have a

systems have been
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tentative Pb-Pb age of 2.15 Ga [4]. They overlie
pillow lavas, which have yielded age of c. 2.197 Ga
[5], and, since they display the LCIE, their age is
constrained between c. 2.2 and 2.06 Ga. In contrast,
metacarbonates from two quarries near Ibel, located
in the Diallé-Daléma Supergroup, consist of highly
deformed calcitic and ferroan, dolomitic marbles,
with 613 C values ranging between -1.9 and +2.5 %o
V-PDB (n = 30). These 613 C values are within the
range of normal marine carbonates, and are similar
to previously reported 813 C values of the Diallé-
Daléma Sgp metacarbonates from Ylimalo along the
Falémé River, ranging from +0.3 to +1.7 %o V-PDB
(n = 4) [6]. The Diallé-Daléma Sgp metacarbonates
have a Pb-Pb age of 2065 + 33 Ma [7]. Since they
postdate the LCIE, their depositional age is likely to
be in the range 2060-2030 Ma.
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