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Resource Importance of Copper Deposit Types: Mt and %

' Skarn & Manto, 80, 2% F Hydro- & Epithermal, 76, 2%

'VHMS, 91, 3% } \ | /other, 25, 1%

Mafic & Ultramafic NiS |
Ass., 102, 3% "
10CG, 190, 5%

|

Porphyry, 2424, 70%

|
Sediment hosted lJ"
stratiform, 469, 14% |

Pietro Guj and Richard Schodde 2025 https://doi.org/10.1016/j.geoge0.2024.100320



Sedimentary copper (mostly stratiform)
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Introduction: Southampton

Resurgence in exploration activity and scientific investigations over the past 25 years
Generating a wealth of geological observation and geochemical analyses

However ,despite the richness of data, as a scientific community we find many controversies
which have arisen from the interpretation of these new data.

For example: The timing of mineralization in a basin that evolved over >300+ Ma during the
Neoproterozoic is increasingly disputed.

Mmer Deposta (2017} 52:1245 1268 @ CrossMark
DOT 1010076000 26-007 97268
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Lumwana Deposit Cu-Co Deposit- Zambia SOUthampton

& — JE— _ = - - “R\-.. w oma i
—4 B v S o e e B P~

N - ——

R o o -

The stratigraphic location of the deposits is often disputed. In the last 5 years the Lumwana Deposits have been described as
a basement shear zone deposit or metamorphosed lower Roan.
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Age of Host Strata for Sedimentary ™
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Basic Location Map — Zambian Copperbelt
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Pan African Tectonics and formation of Katangan Basin

(h) 720 Ma

SeychellesY|
E. Madagascar) /"

Katanga Basin within 20 degrees of the equato. Li et al. (2008)



Pan African Tectonics — the perfect environment for sedimentary-hosted copper?

Meso-proterozoic

@ Neo-proterozoic

~530 Ma




Katangan Basin
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Nchanga Stratigraphy Southampton

DI D. shale overlying lower orebody
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LR C. Sample of lower ore-body
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Fe-oxide staining and development of malachit

A. Lower arkose, coarse feldspars with shear zones

evident within samples. 19
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Cu and Co Distributions
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Plan view datamine image from
Nchanga Open Pit Upper Orebody
showing location of high-grade (A)
cobalt and (B) copper, and the
inverse relationship between the
two (Nchanga Mine Geology
Department).
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Geology — Chingola C Southampton
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Distribution of mineralization at
ithampton
Chingola B & C Southa pto
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The distribution of mineralization at Chingola B (based
on copper grade boundaries) plotted on to the section
geology. Mineralization is strongly related to the fault-
propagation folds and controlling thrusts, as well as
basal detachments. 29

The distribution of mineralization at Chingola C
(based on copper grade boundaries) plotted on to
the section geology. High-grade mineralization is
strongly related to thrust structures.
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Geology and Mineralisation of the Kansanshi Deposit, Northwest Province, Zambia
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Kansanshi Post Kinematic Veins




Kansanshi Post Kinematic Veins
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Kamoa — Democratic Republic of Congo

OKansanshi

[? Osowwezi
umwana Q

°Sentinel

O  CuDeposit
O Town KonkolaQ
----- Tectonic Domain Boundary Nchanga'g
Nguba and Kundelungu Group ZAMBIA Chambi;h'i
E Mwashya Subgroup Volcanic Rocks
B Roan Subgroup N —
+

0 50 Km
+ | Pre-Katanga Basement

From Schmandt et al. 2013



Kamoa — Democratic Republic of Congo

Deposit/occurrence
Kalahari sand

Upper Kundelungu
Lower Kundelungu
Grand Conglomerate
Roan (incl. Mines Sg.)
Poudingue

Basement

‘é'.---‘t '-/ ,'Il

=~ No Mines
~ Subgroup

| AN 770
577 o~ %a - Mines Subgroup with Copper deposits
A 17 { \ M £ |

Kamoa area explored since early 1900s, but lacked “typical”
Copperbelt indicators. From Broughton 2013
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Timing of Mineralization

Two competing hypotheses for Zambian
Copperbelt mineralisation:

1. Multiphase, >300 Ma mineralisation from
syndiagenesis-post-orogenesis

2. Restricted syn-post orogenic mineralisation
related to the Lufilian Orogeny

* Re-Os mixed sulphide ages are older (816-790
Ma), considered to date diagenetic
mineralization but are very high in error

Molybdenite Re-Os ages fall in a cluster from 540-
490 Ma. Considered syn-orogenic to post-
orogenic timing.

* Uranium mineralization occurs at
approximately 650 Ma, prior to the Lufilian
Orogeny and potentially 15t Cu mineralization.
Remobilisation occurs at ~530 Ma — Peak
Metamorphism

e Carrollite Re-Os date at 609 + 4 Ma suggests
some Cu-Co mineralization predates the main
Lufilian stage

* Onerutile age dates late stage, 514 Ma post-
orogenic mineralization in veins at Musoshi. No

apatite or carbonate ages

Geochronology

BN O [

Deformation Post-Orogenic

& Metamorphism Cooling & Uplift

(~590-510 Ma)  (~510-450 Ma)
1 ]
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7
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©
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8 g o 583 + 24
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b o 58 3
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Modified from Sillitoe et al. 2017
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Basement

Complex)

(Lufubu Metamorphic

Modified from Selley et al. 2005

Subgroup| Formation Member Lithology
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Mindola North Stratigraphy
12 Samples selected from mineralized Kitwe
Formation metasediments
Jaz35-36 = Micaceous Siltstones
Jaz37-40 = Dolomitic Siltstones
Jaz53-59 = Impure Dolomites
Jaz55 & 56 = Quartz-Carbonate vein samples in
impure dolomites
Jaz60 — Anhydrite Conglomerate

Stratigraphy Legend

- Basement Gneiss & Schist
- Conglomerate - Sandstone

- Dolomite/Carbonate - Nchanga Granite
- Dolomitic Siltstone _:
Gritty Sandstone - Tremolitic Shale

—| Mixed sandstone, siltstone &
2 carbonate

Micaceous Siltstone
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Rutile Textures

Chalcopyrite

Quartz—>

* Rutile 1 (A-B) =
Isolated grains of
rutile in the matrix

* Vein Rutile (C-D) =
Rutile occurring at Chiorte
the margins and
within pre-syn
kinematic veins

* Rutile 2 (E-G) = Rutile
forming mutual

growth textures with
sulphide

* Rutile 3 (H-I) = Rutile

associated with
bornite

Albite
Rutile |
Muscovite

\ Dolomite

H Monazite
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Rutile concentrated around pre-syn kinematic quartz-dolomite-
feldspar veins

Rutile intergrown with sulphides in the matrix

|l Chalcopyrite Bornite B Apatite M Rutile M Monazite

Chalcocite rim
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Apatite Textures

* Apatite found

within vein

margins
* Matrix apatite
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Paragenesis

Key Takeaways:

* Chalcopyrite-Pyrite-Carrollite-Chalcocite-
Bornite sulphide paragenesis

* Rutile found intimately associated with sulphides
in the matrix and in veins

* Apatite found in mineralized quartz-carbonate
veins and increases in abundance in impure
dolostones

* Extensive phlogopite in the matrix that forms
around chalcopyrite

* Albite significantly increases in abundance
moving up the stratigraphy at the expense of
potassic phases

* Chalcopyrite found nucleating around monazites

Hypogene Mineralization & Alteration
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A mineralisation Ca-Mg K-Mg Metasomatism Na Supergene
Metasomatism (Main Stage Cu-Co) | Metasomatism
Quartz - T |
-“K.S """""""""""" F=""""""9°"""""°°
s S | diioe e e e e S e o oo nom .
Zircon — | ! |
R i b [ O SIS 6 S i
Anhydrite —— c— — |
Dolomite _: IL I
Rutile l T
Monazite 4 R
s O T [ I
Sericite [ — e —f |
Phlogopite J r j' -----
R T S Y I —_— L """" o
CCApatite” | T[T domoeere —— T
B e e g T
) L N e
..... ] S S R R R S T
DN e R booo ... l ........ SR
Chlorite | | fr—
........................... 1.....-.....'.....-.. ST S
Muscovite | |
Kaolinite | r
o e e e e Sieie e e Lo T ek
Siderite | | | —
Fe-Ti Oxides } :. .: —
Silloe il e — - :
Co-Pyrite :- }
Carrollite ] |
S L I | ] R | JIseEss
Bornite | e——
--------------------------- I IR ICIE IR
P}‘rrhotite | f—
--------------------------- O T R T o
Pyrite | e —
--------------------------- R R R R R R
Wittichenite | | —
"""""""""""""" [ S I
Chalcocite | | —
............................................. Py
Cassiterite |r r |
TCuOxides T |T TPt r=--""""-"-"- r---°-°-"-- 17"
"""""""""""""" L LR IR R P TR L L2 SRG S J ® T " cleleieid]
Chrysocolla | | |
........................... R e e e, e
Malachite ! ! ! —_




Rutile Isochrons

Rutile displays 3 data
populations:

Older trajectories:

* 574+11 Ma

e 552+9Ma
Middle trajectory:

* 5379 Ma

e 536+20Ma
Younger trajectories:

207pp,206pp,

e 509+19 Ma
e 505+10Ma
e 488+8 Ma

e 474+14 Ma

Older trajectory results align
with pre-peak to peak
metamorphism

Middle trajectory aligns with
peak metamorphism

Younger trajectories align with
post-orogenic cooling
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Geochronology Summary

Two main data clusters
1. A~520-570 Ma trend
2. Younger 460-490 Ma trend

* Rutile & K-Mg alteration likely begins
prior to peak metamorphism

* 520-570 Ma trend supports previous
geochronology by Re-Os molybdenite,
overlaps with peak metamorphism in
the ZCB and hook batholith
emplacement

* Younger 470-490 Ma trend overlaps with
post-orogenic uplift and previous Re-Os
bornite

e Syn-orogenic and post-orogenic events
spanning ~ 100 Ma

* No syndiagenetic or reliable >600 Ma
ages obtained
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Characterisation of Basinal Brines
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SEM Images of complex multi-phase
% daughter phases within fluid
W i E inclusions.
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A) Deposition of the Ghanzi Gp. host B) Development of the hydrologically closed
sediments in the Northwest Botswana Katangan basin in the northeast (~850-750 Ma).
Rift (~1100 - 900 Ma).

Evaporite and potassic

bittern brine production during

Congo Craton Congo Craton

Gypsum & Halite Salts

Dense bittern brines
SO;-deficient
K-Na-(Mg)-rich

deposition of the Roan stratigraph'

+
ti o+ +
+ T+ T wt,
s =
+

\ Breakdown and replacement of detrital potassic phases
increases bittern brine K/Na ratio (+ Cu, Co, Pb, Zn).

D) Onset of basin inversion (~600-550 Ma) F) Peak/post-peak Pan-African orogenesis (~530 Ma)
Widespread migration of NaCl-dominant fluids.

Y

E) Katangan basin - onset of orogenesis (~600-550 Ma)

NaCl-undersaturated fluids

Saltz salt (salte

Cu-(Co-Ag-Pb-Zn) remobilization?

.

Gypsum & Halite Salts

Dense bittern brines
SO;-deficient
K-Na-(Mg)-rich

22578

e- to syn-kinematic
mineralized veins

UNIVERSITY OF

COMISSAO ORGANIZADORA
I i SIMPSEIG BRASILEIRD BE VI SIMPOSIO DE METALOGENIA
METAL o G ENIA simposio.metalogenia@adimb.org.br
17820 8sene s~ SatvABOR= BA (61) 99224-8341 Isabela Storni
(61) 99282-0469 Joelma Cardoso

Time Tectonics and Brine

Time: 300 Ma Basin, with inversion well
characterized by various geochronometers

Tectonics: Inversion structures to basement
shear zones to late faulting all contribute to
variable ore deposit characteristics

Brine: Early pre-syn orogenic vein formation
characterized by hot-high salinity brines,
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