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Abstract The Omitiomire Cu deposit (resource of 137 Mt at
0.54% Cu) in the Ekuja Dome of the Damara Belt in Namibia
is hosted by an anastomosing, low-angle Pan-African (ca.
520 Ma) shear zone system developed around an older (ca.
1100-1060 Ma), late Mesoproterozoic intrusive breccia be-
tween a suite of mafic rocks (originally lava flows) and later
tonalitic gneisses. High-grade ore shoots preferentially formed
along contacts between tectonically interleaved biotite-
epidote-quartz-chalcocite schists and felsic gneisses, and are
directly related to an increase in the number and cumulative
thickness of thin, contact-parallel mineralized shear zones.
Alteration and mineralization are associated with elevated
concentrations of K,O, Cr, Rb, S, and Cu and a loss of
Na,O, CaO, and MgO. Oxygen isotope fractionation for
quartz-biotite, quartz-feldspar, and quartz-amphibole mineral
pairs support equilibrium temperatures of between 500 and
650 °C during the fluid/rock interaction. Mineral separates
from amphibole-biotite gneisses and mineralized schists have
similar ranges in §'%0 values of about 1.2 to 2 %o relative to
VSMOW. Coexisting minerals are arranged in an order of
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increasing 5'%0 values from biotite, to epidote, amphibole,
and quartz, suggesting that the Omitiomire Shear Zone was
arock-dominated system. Similarly, H-isotope results for min-
eral separates from biotite-epidote schists and amphibole
gneisses do not show any reversals for D/H fractionations,
with 8D values of between —48 and —82 %o, typical of
metamorphic-magmatic rocks. The homogeneous and low
5**S values (—6.1 to —4.7 %0 CDT) are compatible with a local
redistribution of sulfur from magmatic rocks and interaction
with sulfur derived from metamorphic fluids of
metasedimentary origin. The relatively low fluid/rock ratios
and elevated Cu values (>1500 ppm) from unaltered amphib-
olite point to a local redistribution of an earlier (late
Mesoproterozoic) Keweenaw-type Cu mineralization into lat-
er Pan-African shear zones during the exhumation of the
Ekuja Dome. The timing, polyphase evolution, and tectonic
setting of the Omitiomire deposit show remarkable similarities
with the large Cu deposits of the Domes Region in the adjoin-
ing Lufilian Arc of northern Zambia. This suggests the pres-
ence of a much larger, regionally significant Cu province ex-
tending from central Namibia, through northern Botswana,
and into Zambia.

Keywords Damara Belt - Cu - Mesoproterozoic dome -
Pan-African - Shear zone - Stable isotopes - Fluid/rock ratio -
Lufilian Arc

Introduction

Central Africa is one of the major Cu provinces in the world.
Traditionally, the Central African Copperbelt in the southern
Democratic Republic of Congo (DRC) and northwestern
Zambia has been known for its sediment-hosted, stratiform
Cu deposits (e.g., Selley et al. 2005; Sillitoe et al. 2010;
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Hitzman et al. 2012), with possible extensions into the
Kalahari Copperbelt of Botswana and Namibia (Borg and
Maiden 1989). For the most part, Cu mineralization is hosted
by low-grade metamorphic, Neoproterozoic (ca. 880—
760 Ma) metasedimentary rocks of the Lower Roan Group
in Zambia and the overlying Mines Subgroup in the DRC
(Selley et al. 2005; Cailteux et al. 2005; Hitzman et al.
2012). The more recent discoveries of large Cu, U, and Co
deposits in the Domes Region in the Pan-African Lufilian Arc
of northern Zambia represent a distinct style of Cu minerali-
zation that does not conform to the typical Copperbelt-type
mineralization. Instead, Cu mineralization is hosted by high-
grade metamorphic, regional-scale domes made up of Meso-
and Neoproterozoic basement gneisses surrounded by
metasedimentary cover rocks that have a Pan-African tectonic
and metamorphic overprint related to the late-stage evolution
of convergent and collisional tectonics in the Lufilian Arc
(John et al. 2004; Selley et al. 2005; Cailteux et al. 2005;
Hitzman et al. 2012). Most studies highlight the high-grade
metamorphic wall rock sequence and, in many cases, multiple
stages of mineralization, but there is no clear consensus as to
the style, controls, and absolute timing of mineralization
(Benham et al. 1976; McGowan et al. 2003; Steven and
Armstrong 2003; Selley et al. 2005; Bernau et al. 2013;
Hitzman et al. 2012; Turlin et al. 2016).

The northeast-trending Damara Belt in Namibia is com-
monly interpreted to represent the southwestern continuation
of the Lufilian Arc (Fig. 1). Both belts have accommodated
the amalgamation of the Congo and Kalahari Cratons to form
Gondwana in the latest Neoproterozoic and early Phanerozoic
(Kampunzu and Cailteux 1999; Miller 1983). The Omitiomire
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Cu deposit is hosted by late Mesoproterozoic gneisses and
schists that are structurally overlain by amphibolite-facies
metasedimentary rocks of the Southern Zone (SZ) accretion-
ary prism (Fig. 1 and electronic supplementary material
(ESM) 1). The striking similarities between the Omitiomire
deposit and the large Cu deposits in the Domes Region of
Zambia suggest similar mineralization processes and controls
and an extension of the Cu province from the Domes Region
into Namibia (Kitt et al. 2016).

This paper describes the 3D geometry of ore bodies that
constitute the Omitiomire deposit, modeled using an extensive
drill hole data set. Copper grades and grade envelopes are
combined with structural and lithological-geochemical data
to describe the internal make up and controls of ore shoots
within the deposit. Whole rock geochemical data and mass
balance calculations are used to semi-quantitatively character-
ize element mobility within the mineralized shear zone sys-
tem. Stable isotope mineral and whole rock data are used to (i)
better constrain the temperature conditions of the mineraliza-
tion and alteration, (ii) constrain fluid/rock ratios during fluid
flow, and (iii) discuss the potential source of fluids and metals.
Lastly, the deposit-scale data is integrated into the broader
geological evolution of the Damara Belt in order to draw pos-
sible correlations with seemingly similar styles of mineraliza-
tion in the Domes Region of the Lufilian Arc in Zambia.

Geological overview

The Pan-African Damara Belt formed by the high-angle
convergence of the Congo and Kalahari Cratons during
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Fig. 1 Simplified geological map (after Miller 2008) showing the loca-
tion of the Omitiomire Cu deposit relative to the Ekuja Dome and the
Southern Zone (SZ) accretionary prism of the Damara Belt of Namibia.
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Also shown is the Central Zone (CZ), Southern Margin Zone (SMZ), and
locations of the Damara Belt and Lufilian Arc relative to the Congo
Craton (CC) and the Kalahari Craton (KC)
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the late Neoproterozoic to early Phanerozoic between ca.
580 and 520 Ma (Coward 1981; Miller 1983, 2008; Gray
et al. 2008). The Southern Zone (SZ) is the accretionary
prism of the belt, developed as a south-verging fold-and-
thrust belt that records the off-scraping and burial of the
Khomas Sea and thick, trench-fill-type sediments of the
Kuiseb Formation during northward subduction below the
Congo Craton (Kukla and Stanistreet 1991; Meneghini
et al. 2014). The Omitiomire deposit is situated in the
Ekuja Dome, one of three gneiss domes at the base of
the SZ prism (Fig. 1 and ESM 1). The gneiss domes are
made up of late Mesoproterozoic (ca. 1100 Ma) tonalites
and amphibolites (Steven et al. 2000) and are structurally
overlain by the medium-P, medium-T amphibolite-facies
metaturbiditic Kuiseb Formation, and imbricated slivers
of serpentinite (Kasch 1986, 1987). Both the structural
location and lithological assemblages point to a tectonic
position of the gneiss domes close to, or within, the sub-
duction channel, recording initial burial and subsequent
expulsion of basement rocks during northward subduction
of the Kalahari Craton (Kitt et al. 2016).

Geology of the Omitiomire deposit
Host rocks

The Omitiomire deposit is situated on the eastern flank of
the Ekuja basement dome, close to the structural contact
with the overlying Kuiseb Formation of the SZ prism
(Fig. 1 and ESM 1). Most of the deposit area is covered
by up to 10 m thick, transported Cenozoic (Kalahari) sand,
silt, and calcrete. Except for sporadic outcrops in the
ephemeral Nossob River and a small sampling pit in the
southern part of the deposit, geological information is de-
rived from drill hole data (Fig. 2). The Ekuja Dome is
dominated by quartzo-feldspathic banded or augen
gneisses of mainly tonalitic composition. The gneisses typ-
ically form large sheets and lenses that vary in thickness
from a few centimeters up to tens of meters. The tonalitic
magma intruded and brecciated a volumetrically subordi-
nate mafic suite of amphibolite. Original intrusive contacts
and the brecciation of the older amphibolitic sequence is
preserved at lower strain intensities (Kitt et al. 2016) (ESM
2a). At higher strains, angular xenoliths appear progres-
sively sheared out and transposed into the regional gneissic
fabrics (S2), associated with the partial or near pervasive
retrogression of the rocks (Kitt et al. 2016) (ESM 2b). The
intrusive relationship between amphibolite and tonalite is
confirmed by U-Pb zircon ages of 1115 + 13 Ma for am-
phibolite and 1084 + 7 and 1063 £ 9 Ma for quartzo-
feldspathic gneisses (Steven et al. 2000).

Structure

Drill core logging and structural mapping of scattered out-
crops in the area revealed at least two deformation phases
(Kitt et al. 2016). The first phase (D1) in felsic gneisses is
defined by the grain-shape preferred orientation of quartz-
feldspar aggregates and biotite, and is only observed in the
hinges of isoclinal, near recumbent F2 folds that refold the
early S1 gneissosity. The second phase (D2) is associated with
a regionally developed shallow dipping S2 gneissosity that is
parallel to the dome margin and the contact between basement
gneisses and overlying Damaran supracrustal rocks. S2 is a
well-developed transposition fabric, formed through the pro-
gressive refolding of earlier intrusive contacts and the S1
gneissosity by tight to isoclinal F2 folds. This gneissic fabric
forms the dominant structural element in the deposit (Steven
et al. 2000; Kitt et al. 2016), as well as on a regional scale
(Kasch 1987). F2 folds at Omitiomire show north-south trends
and subhorizontal northerly or southerly plunges. Fold
plunges are parallel to a prominent L2 stretching lineation,
defined by rodding fabrics of quartz-feldspar aggregates in
gneisses and the preferred alignment of hornblende, plagio-
clase, and biotite in mafic units along the shallow east-dipping
S2 gneissic fabric (Kitt et al. 2016).

Mineralization

Copper mineralization is spatially associated with variably
retrogressed mafic rocks that have formed through the pro-
gressive hydration of original amphibolite to amphibole-
biotite gneiss and biotite-epidote schist (Steven et al. 2000;
Maiden et al. 2013; Kitt et al. 2016). This retrogression is
confined to an anastomosing system of mylonitic shear zones,
henceforth referred to as the Omitiomire Shear Zone (OSZ).
The OSZ is contained in the regional S2 fabric and centered
around the lithologically heterogeneous intrusive breccia
made up of original amphibolite and tonalite sheets (ESM
2). The Cu resource is largely made up of deeper seated sulfide
ore. Shallower oxide-facies ore occurs up to a depth of ca.
40 m below surface and is made up of malachite and subordi-
nate chrysocolla. Chalcocite is the main Cu ore mineral, ac-
counting for more than 90% of sulfide minerals and is textur-
ally intergrown with biotite and epidote. The highest Cu
grades are associated with shear bands, veins, and pods that
occur in biotite-epidote schists along the lithological contacts
with felsic gneisses (Fig. 3a—f) (Kitt et al. 2016). The high-
grade biotite-epidote-quartz shear bands are closely associated
with either laminated or massive, ribbon-like, and pervasively
recrystallized quartz veins or quartz vein relics. Quartz veins
are invariably folded or boudinaged, typically forming dis-
membered boudins and lenses in the biotite-dominated
mylonitic shear zones. Large (meter-size) mineralized
quartz-biotite-epidote pods or lenses typically occur in the
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Fig. 2 Map of the Omitiomire Cu deposit, showing drill hole collars and
the subsurface outlines of the orebody. Structural information was
compiled from scattered outcrops along the ephemeral black Nossob
River, panels along a bulk sample pit (Palm Pit), and data from

low-strain domains at the contacts between deformed mafic
and felsic lenses and are stretched in a north-south direction.
Details of the structural controls and evolution of the Cu min-
eralization have been presented in Kitt et al. (2016).

3D implicit modeling

The visualization and description of the geometry of the sub-
surface geology and distribution of Cu mineralization relied
on the 3D modeling of an extensive drill hole dataset, includ-
ing geological, structural, and assay data from roughly 100 km
of drilling (Figs. 2 and 4). The modeling was carried out using
Leapfrog Geo 3D modeling software and an implicit modeling
approach with drill hole data in a volume of 4 km in a north-
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downhole photography of drill holes (ORC). Equal area, lower
hemisphere stereonets of structural orientation data of the dominant S2
fabric in selected holes are shown. Structural trend lines (light gray) are
interpreted from ground magnetic data

south direction, 2 km from east to west, and up to 800 m below
the surface (Fig. 4). Due to the structural and lithological com-
plexity and relatively wide spacing of drill holes in some
areas, a meaningful lithological model of the OSZ was only
possible through the definition of wider and, in places, hetero-
geneous rock packages, without compromising the integrity of
the data and losing necessary detail (Fig. 4a). For example,
smaller, meter-wide sheets of felsic gneiss intercalated with
mainly biotite-epidote and amphibole-biotite gneiss units were
grouped together into the mafic-dominated unit. Similarly,
meter-scale amphibolite and mafic schist bodies may appear
as isolated and seemingly discontinuous units in otherwise
felsic gneisses. These isolated and discontinuous amphibolite
bodies probably formed rafts intruded and dismembered by
tonalitic magma similar to the intrusive relationships developed
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Fig. 3 Photographs of the main
types of high-grade mineraliza-
tion described in the Palm Pit at
Omitiomire. a Mineralized
biotite-epidote-quartz shears in
biotite-epidote schist. Note rafts
of tonalite enveloped by the shear
zones. b Close-up of shears and
tonalite rafts. ¢ Mineralized
quartz-biotite-epidote shear con-
taining dismembered and
boudinaged quartz veins and vein
relics. d Close-up of shear zone
showing patch-like stretched
relics of milky quartz in a matrix
of biotite, epidote, quartz, and
malachite. e Steeply dipping
folded, laminated quartz vein
along the contact between biotite
schist and tonalite. The vein sel-
vedge is made up of biotite, epi-
dote, and malachite. f Large
quartz-biotite-epidote-malachite
pod in a strain shadow at the
contact between biotite schist and
tonalite

biotite
schist »

in the southern sampling pit where amphibolite and tonalite
formed an original intrusive breccia (Kitt et al. 2016). In the
deposit-scale model, these small, isolated mafic units in the wall
rocks were grouped together with the felsic gneisses (Fig. 4b).

For the assay model, some 80,139 Cu assays from 1 m sam-
pling intervals from drill holes were processed and isotropic
grade shells with cut-off grades of 0.1, 0.25, and 0.5 wt% Cu
were created (Fig. 4c, d). A structural trend was created from
structural data generated from downhole photography of drill
holes and applied to the model. For descriptive purposes, the
model was divided into northern, central, and southern domains.

3D model of the OSZ host rocks

The lithological model shows a central, gently undulating, shal-
lowly east-dipping sequence dominated by biotite-epidote
schists and amphibole-biotite gneisses (Figs. 4b and 5). This
central unit is enveloped by mainly quartzo-feldspathic gneisses

with only minor lenticular pods of biotite schist, amphibole
gneiss, and/or interlayered banded mafic and felsic gneisses.
Tight to isoclinal folds (F2) affected the interlayered gneisses
and result in the large-scale transposition of structures and fab-
rics. Mylonitic fabrics are common, particularly in mafic schists
and along lithological contacts between felsic gneisses and mafic
schists. On a deposit scale, the 3D model indicates the presence
of several tens of meters-thick lenses that pinch and swell and
coalesce to form a large up to 100 m thick sequence of domi-
nantly mafic gneisses and schists (Fig. 5). Individual mafic
lenses are separated by sheet-like tonalitic gneisses and/or
interlayered mafic-felsic gneisses and schists that vary in thick-
ness from a few meters to several tens of meters. This central
mafic unit is contained in the regional S2 fabric, evident from
structural data generated from downhole photography and sur-
face mapping (Figs. 2 and 5). It shows easterly dips, but with
gentle undulations from moderately east dips (30°) in the north-
ern domain, to shallowly east (15°) in the central domain, to
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(@) Drill holes with
simplified geology
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Fig. 4 Simplified workflow for the 3D implicit modeling of the
Omitiomire deposit. a Geological drill hole logging data, simplified
with the interval selection tool in Leapfrog Geo. b Lithological model
(with structural trend applied) of the mafic gneiss and schist-dominated

subhorizontal and shallowly (20°) westerly dips in the southern
domain (Fig. 5). These variations describe an open arcuate

geometry.

3D model of Cu assays

Potentially economic-grade (>0.25 wt% Cu) mineralization is
confined to a gently undulating, overall tabular, arcuate zone that
dips between 20° and 30° to the east. The overall deposit-scale
geometry of the orebody resembles an asymmetric upward-
curved lens with a long axis that strikes for more than 4 km in
a north-south direction (Fig. 6a—). The deepest part of the de-
posit occurs in the northern domain where the mineralization
continues beyond 600 m below surface (Figs. 5 and 6b).
Although largely covered by sand, silt, and calcrete, the orebody
is at the surface in the western parts of the central domain
(Fig. 6¢). In the southern domain, the orebody is characterized
by westerly and ESE dips and by a shallow plunge to the south
(Fig. 6¢). Both the down-dip and strike extent of the mineraliza-
tion remain open. Current information suggests that there are no

@ Springer

sequence that host the Omitiomire deposit. ¢ Drill hole traces showing Cu
assays at 1 m sampling intervals. d Assay model showing Cu > 0.5 wt%,
Cu > 0.25 wt%, and Cu > 0.1 wt% interpolants with structural trend
applied. The plunge and azimuth of the view direction is 25° and 325°

obvious late faults or major structural breaks that offset the
mineralization.

Internal architecture and controls of high-grade ore
shoots

The highest Cu grades generally occur in the upper parts of the
main mineralized envelope along the hanging wall (HW) con-
tact with the overlying felsic-dominated HW gneiss. The high-
grade ore envelope is defined by >0.5 wt% Cu that forms a
distinct lens-like shoot, composed of an up to 100 m thick
central part based on current drill hole information (Fig. 6).
The high-grade ore envelope also delineates zones of thick-
ened high-grade mineralization that define two distinctly lin-
ear north-south trending ore shoots, here referred to as OS1
and OS2 (Fig. 6a—c). The gently undulating ore shoots are
characterized by north-south to NNE strikes and shallow
plunges to the north and south, parallel to the regional stretching
lineation (L2). In cross section, both shoots have typical stacked
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Fig. 5 Serial cross sections
through the deposit showing the
simplified lithological model and
unsliced high-grade mineralized
shell (Cu > 0.5 wt%). The loca-
tions of sections A, B and C, D

presented in ESM 3 are shown High-grade ore shoot

(Cu >0.5 wt%)

H
[]

View direction
Plunge 35
Azimuth 325

lens geometries and an associated thickening of the mafic-
dominated host rock sequence (ESM 3). Copper mineralization
correlates with intercepts of biotite-epidote schist, with the
highest Cu grades closely associated with the contacts of larger
mafic schist packages against quartzo-feldspathic gneisses or
within intercalated schist-gneiss packages (ESM 3 and Fig. 7).
This is the case not only for individual schist intersections but
also for the ore lens as a whole. High-grade shoots are directly
related to the occurrence of biotite-epidote-quartz shear bands
and centimeter-scale quartz veins with mineralized selvedges in
biotite-epidote schists (Fig. 7). Individual veins and shear bands
are only 1-10 cm wide, but form part of a wider system of
anastomosing mineralized shears where individual shears are
tightly spaced. The shears and veins developed along the con-
tacts of biotite-epidote schists against the felsic gneisses and
high-grade ore shoots are directly related to an increase in the
frequency of contact-parallel shears and veins (Fig. 7). This
underlines the combined effects of the structural and lithological
controls on Cu mineralization at Omitiomire (Kitt et al. 2016).

Hydrothermal alteration and mass balance
Petrography

The progressive replacement of original hornblende-
plagioclase assemblages by hornblende-biotite and biotite-

OSZ host rocks dominated by biotite- A
epidote schist and amphibole gneiss;
minor sheets of felsic gneiss

500 m

epidote assemblages in schists from within the OSZ suggests
variable hydration and retrogression of original amphibolites
during deformation and accompanying fluid flow (Steven
et al. 2000; Kitt et al. 2016; Fig. 8).

Unaltered and unretrogressed amphibolites of the original
wall rock sequence are dominated by hornblende and plagio-
clase that constitute up to 80 vol% of the rock. Quartz
(<10 vol%), biotite (<5 vol%), titanite, rutile, ilmenite, and
garnet occur in variable amounts, but rarely exceed more than
a few percent. Compositional variations are indicated by differ-
ent relative abundances of hornblende and plagioclase,
distinguishing more melanocratic from relatively leucocratic
varieties. Texturally, the amphibolites are granoblastic, massive
to foliated or, more commonly, lineated, marked by the pre-
ferred alignment of aggregates of hornblende and plagioclase.

The hornblende-biotite gneisses are characterized by relics
of hornblende that are progressively replaced and enveloped by
S2-parallel aggregates of biotite that can constitute up to
30 vol% of the gneisses. Biotite is associated with small epidote
porphyroblasts and minor amounts of disseminated chalcocite.

Biotite-epidote schists result from the near-complete re-
placement of original amphibolite and are made up of
>50 vol% biotite, >15 vol% epidote, 10-20 vol% quartz and
plagioclase, 5—10 vol% hornblende, 1-5 vol% chalcocite, and
minor amounts of titanite, chlorite, apatite, and rutile. The
biotite occurs as sheet-like aggregates that are wrapped around
large porphyroblasts of epidote and relic hornblende/plagio-
clase, thus forming a strong anastomosing S2 fabric.

@ Springer
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Fig. 6 Assay model of the
deposit. High-grade

(Cu> 0.5 wt%) shoots are in red,
surrounded by lower grade

Cu > 0.25 wt% in yellow and
Cu> 0.1 wt% in light blue. a Plan
view showing the north-south
trend of high-grade shoots OS1
and OS2 and interpreted subordi-
nate NE mineralized trends. b
Oblique view to the NE, showing
the high-grade shoots OS1 and
OS2 and interpreted subordinate
NE mineralized trends. ¢ Unsliced
cross section with view to the NE
illustrating the upward convex
lens shape of the orebody. The
location of high-grade ore shoots

BT lens

(b)

View direction
Plunge 30
Azimuth 345

0S1 and OS2 along the L2/S2 S00m 20m
fabric and the disconnected BT
lens in the hanging wall are (c)
shown Surface

1 - 4:5 , “f BT lens

e e
T .‘ff?: E - . S
0O
NI~ L
o Sl
—

View direction

Plunge 0

Azimuth 345 ﬂ

Mass balance

Chemical variations (e.g., enrichments and depletions)
and volume change related to fluid/rock interaction during
deformation and hydrothermal alteration can be quantita-
tively estimated by applying the isocon method (Grant
1986) to the bulk geochemistry of variably altered and
unaltered samples. This approach is based on the theory
of Gresens (1967) and has since been widely applied to
studies of element mobility in shear zones (O’Hara 1988;
Goddard and Evans 1995; Hippertt 1998; Streit and Cox
1998; Zulauf et al. 1999; Rolland et al. 2003; Barnes et al.
2004) and hydrothermal ore deposits (Gregory 2006;
Fisher et al. 2013; Oliver et al. 2015).

Results
Element mobility

The whole rock XRF and ICP data of variably altered and
mineralized drill core samples from the Omitiomire deposit
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were plotted against those of an unaltered sample collected
some 7 km away from the deposit in order to compare the
elemental gains and losses during alteration and mineraliza-
tion (Fig. 9 and table in ESM 4). The altered samples in-
clude hornblende-plagioclase gneiss and biotite-epidote-
chalcocite schist from high-grade shear zones in the deposit
(Fig. 8). The element concentrations of the sample types
were averaged and arbitrarily scaled for visualization pur-
poses before plotting. Only elements deemed most impor-
tant during the retrogression of amphibolite to biotite-
epidote schist, as described above, are presented. Where
possible, the isocon line has been chosen based on the linear
correlation of as many elements as possible. Attempts were
made to include immobile elements such as Al and Ti.
However, some of the supposedly immobile elements were
evidently slightly mobile during alteration and mineraliza-
tion in some of the samples.

Figure 9a shows the average of analytical data from two
weakly altered hornblende-plagioclase gneiss samples from
the OSZ plotted against the average of two regional and unal-
tered amphibolite samples. Although none of the conventional
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Fig. 7 Simplified geological log of drill core from a hole that intercepted
the north-south trending high-grade shoot OS1 in the northern domain
(sections A-B) of the Omitiomire deposit (Fig. 5 and ESM 3). The figure
illustrates the association of high-grade Cu mineralization with the inter-
cepts of centimeter-scale quartz-biotite-epidote-chalcocite shears and
veins (in red) in units of biotite-epidote schist and amphibole gneiss (in
black) close to the contacts with felsic gneisses. In the figure, OS1 is
composed of an upper and lower lens of high-grade mineralization that
is hosted by several closely spaced sheets of biotite-epidote schist and

immobile elements plot directly on a straight line, a best fit
isocon can be fitted through Ti and Al. Elements such as Ce,
Fe, and Zr also plot close to the isocon, which may suggest
limited mobility. For this case, the isocon diagram indicates a
depletion of CaO, MgO, and Zn and a slight enrichment in
Kzo, Rb, Th, PzOs, Pb, and Cu.

Figure 9b plots the average analytical compositions
from two mineralized biotite-epidote schists from high-
grade shear zones in the OSZ against the average of the
unaltered amphibolite samples. Although the diagram
shows a much larger scatter of elements, an isocon was
again selected based on a line of best fit through Al and
Ti. The isocon diagram indicates a significant depletion of
Na,0, CaO, and to some extent MgO. In contrast, KO,

separated by a large 10 m thick lens of tonalitic gneiss. The upper lens is
about 20 m thick and contained in 1-5 m thick sheets of biotite-epidote
schist. The lower lens is about 22 m thick and hosted by sheets of biotite-
epidote schist that vary in thickness from 1 to 12 m. In the upper lens,
more than 12 high-grade biotite-epidote-quartz shears and veins were
counted over a distance of 8 m, and up to 10 shears and veins over
22 m in the lower lens. On a deposit scale, high-grade shoots are directly
related to the occurrence and cumulative thickness of the thin, mineral-
ized shears and veins

Cu, Cr, Rb, S, and, to a lesser extent, Th, U, Pb, Ni, Fe,
and Zn are markedly enriched in the schist relative to the
country rocks.

Stable isotope compositions

Samples and analytical methods

Stable O- and H-isotope compositions of mineral separates
from amphibole gneisses, biotite-epidote schists, and associ-

ated quartz veins in the deposit were used to constrain the
likely fluid sources, fluid/rock ratios, and the conditions
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during deformation and Cu mineralization in the mineralized
OSZ.

The oxygen isotope compositions ('°0, '*0) were mea-
sured at the University of Lausanne, using a method similar
to that first described by Sharp (1990) and in more detail in
Vennemann et al. (2001). Between 0.5 and 2 mg of sample
was loaded onto a small Pt-sample holder and pumped out to a
vacuum of about 10~ ® mbar. After pre-flourination of the sam-
ple chamber overnight, the samples were heated with a CO,
laser in 50 mbar of pure F,. Excess F, was separated from the
O, produced by conversion to Cl, using KCI held at 150 °C.
The extracted O, was collected on a molecular sieve (13X)
and subsequently expanded into the inlet of a Thermo-
Finnigan MAT 253 isotope ratio mass spectrometer. Oxygen
isotope compositions are given in the standard d-notation,
expressed relative to VSMOW in per mill (%o). Replicate ox-
ygen isotope analyses of the standard used (NBS-28 quartz;
n = 12) has an average precision of +0.1 %o for 5'*0. The
accuracy of 8'®0 values is better than 0.2 %o compared to
accepted 5'*0 values for NBS-28 of 9.64 %..

Measurements of the hydrogen isotope compositions of
minerals were made using high-temperature (1450 °C)

@ Springer

reduction methods with He-carrier gas and a TC-EA linked
to a Delta Plus XL mass spectrometer (Thermo-Finnigan) on 2
to 4 mg-sized samples according to a method adapted from
Sharp et al. (2001) and described in more detail in Bauer and
Vennemann (2014). The results are given in the standard d-
notation, expressed relative to VSMOW in per mill (%o). The
precision of the in-house kaolinite and G1 biotite standards for
hydrogen isotope analyses was better than 2 %o for the method
used; all values were normalized using a value of =125 %o for
the kaolinite standard and —65 %o for NBS-30.

The S-isotope compositions were measured in the Stable
Isotope Laboratory of the University of Lausanne using a
Carlo Erba (CE 1100) Elemental Analyzer linked to a
ThermoFisher Delta V mass spectrometer. Samples were
reacted at 1050 °C in a stream of He-carrier gas spiked with
oxygen gas. The isotopic composition is expressed in the con-
ventional -notation (5°*S) relative to V-CDT in parts per
thousand (per mill). External reproducibility of standards
and samples (all analyzed twice) is better than 0.15 %o and
samples were calibrated against IAEA standards S1 and S3
(Ag,S) and NBS-127 (ZnS) with accepted values of —0.3,
—32.1, and 20.3 %o, respectively.



Miner Deposita

50 -
(a) o y= 11213k
.~ R?=09166
40 +
a2 o eSO,
R Ce e
) o,
c 0
- o O Ca0
00 ALQ, o
o= 307t o,
.
=0 . n
© 5 K °
> 'g Pb  o° oFe0;
< o o
8 < 0 zr oMg0
) .
=5 20+ .
C o
_‘g ...Tioz
o .Naao
o
10 1Rp%® ¢
° +« oNi
ﬁzo;.' Ba
C.u ,L'j oCr
o .MnO
o Mo - : : :
0 10 20 30 40 50
Unaltered amphibolite
50 -
(b)
.Zn ..0
o° y=1.0499x
*  R?=08729
40 + .
° A
g eSO,
3o -
S 8 Fezos..‘
a < 30 1 < ®Ce
Q .
o oCr Po  .°
o= ’C” ° 0 ALO,
o .
o> Ro K0 Ky Cca0
25 20+ . ®Mgo
=9 s TiO, «° o
(o= D Th . Zr
m g ® i ::‘a ..'
= J
10 + .
....
,o° eMnO oNa,0
o. PZOS
0 Mo : : . .
0 10 20 30 40 50

Unaltered amphibolite

Fig. 9 Isocon diagrams of average element concentrations in unaltered
amphibolite plotted against a weakly altered hornblende-biotite gneisses
and b biotite-epidote schists from high-grade shear bands in the
Omitiomire deposit. The isocon is defined by the linear correlation and
relative immobility of TiO, and Al,Os. Elements that plot above the
isocon were gained; elements below were depleted. The data was scaled
for visualization purposes

Results
Oxygen isotope compositions

All stable isotope compositions are reported in a table in
ESM 5. Quartz separates from quartz veins as well as
separates from biotite-epidote-chalcocite schists have
5'80 values between 9.3 and 10.1 %.. Similarly, the

oxygen isotopic composition of quartz from amphibole-
biotite gneisses and thin biotite-rich layers in banded
felsic gneisses have values between 8.9 to 9.8 and 8.9 to
9.9 %o, respectively. The 5'%0 values of epidote and bio-
tite from amphibole-biotite gneisses and biotite-epidote
schists have a range between 5.2 and 6.4 and 3.2 and
5.0 %o, respectively. Amphibole separates from partially
retrogressed amphibole-biotite gneisses and schists have
5'%0 values between 4.1 and 6.1 %oc. The mean value of
SISOamp in the gneisses is 5.8 %o, somewhat higher than
the mean of 4.6 %o of 6180amp in the schists. The 5'%0
values of feldspar from ore zone schists and gneisses are
9.8 and 7.5 %o, respectively, while single chlorite and
fuchsite separates have 5'°0 values of 5.3 and 6.5 %o.
Hence, all minerals have similar ranges in their 5180
values of about 1.2 to 2 %o. This range is similar to the
range in values measured for a sequence of whole rocks
associated to the mineralization at Omitiomire (between 6
and 7.8 %o). Furthermore, the coexisting minerals are ar-
ranged in an order of increasing 5'%0 values from biotite,
to epidote, amphibole, and quartz, as would be predicted
from the theory of stable isotope fractionation between
minerals (e.g., Hoefs 2009). Apparent temperatures of
equilibration calculated for quartz-biotite and also
quartz-amphibole O-isotope fractionations (based on frac-
tionation factors after Bottinga and Javoy (1975) and/or
theoretical fractionation factors based on Zheng (1995))
also have a small range of between 490 to 620 and 520
to 660 °C, respectively (ESM 5), values that are consis-
tent with the regional grade of metamorphism (Kasch
1987).

Hydrogen isotope compositions

Hydrogen isotope compositions of hydrous minerals from the
mineralized biotite-epidote schists and amphibole-biotite
gneisses have a range of 6D values between —48 and —82 %o
(ESM 5). The 6D values for biotite in all samples are between
—58 and —82 %o and for amphibole between —66 and —79 %eo.
Biotite-epidote schists (—58 to —70 %o) have somewhat lower
0Dy, values compared to the amphibole gneisses (—68 to
—82 %o) and felsic gneisses (—62 to —80 %o), but the range in
values does overlap to a large extent. Single fuchsite and chlo-
rite separates have 6D values of —48 and —60 %o, respectively.

Sulfur isotope compositions

Only chalcocite separated from veins, whole rocks, and con-
tact zones between different rock types was analyzed for its
sulfur isotope composition (ESM 6). The values are remark-
ably homogeneous, irrespective of the location of the chalco-
cite (vein, pegmatite, whole rock matrix, contact zone), with
an average of —5.4 %o (0.45 %o at 10; n = 13).
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Discussion
Fluid flow and development of the OSZ

The controls and petrographic characteristics of the
Omitiomire Cu mineralization have recently been described
by Kitt et al. (2016). In that study, it was established that Cu
mineralization and fluid flow were structurally controlled and
related to Pan-African, D2 deformation. The Pan-African
timing of deformation is also indicated by U-Pb titanite ages
of 520-485 Ma in the mineralized biotite-epidote schist
(Steven et al. 2000; Maiden et al. 2013). Fluid flow was con-
trolled by transient fracture permeability particularly along
lithological contacts between original amphibolite and tonalite
within and along the late Mesoproterozoic (ca. 1100—
1060 Ma) intrusive breccia in gneisses of the Ekuja Dome.
Initial veining and fluid flow were confined to the marginal
zones of competent amphibolite xenoliths. The progressive
retrogression of the rocks, notably of the mafic lithologies to
biotite-dominated schists led to further strain localization, par-
ticularly along biotite-epidote schists that have formed along
contacts between mafic xenoliths and quartzo-feldspathic
gneisses (Kitt et al. 2016). This reaction softening accounts
for the spatial relationship between mylonitic and highly
transposed fabrics of the central OSZ system localized around
the originally heterogeneous intrusive breccia (Kitt et al.
2016).

These detailed controls of fluid flow and mineralization
find their manifestation in the deposit-scale controls of Cu
mineralization and ore shoots. The detailed logging and sam-
pling combined with the deposit-scale modeling indicates that
potentially economic-grade Cu mineralization is not necessar-
ily associated with thick intersections of relatively massive
mafic rocks in the OSZ. Instead, the highest Cu grades are
developed in intervals of closely interlayered mafic schist
and felsic gneiss units and particularly along the upper con-
tacts of schist units against gneisses. High Cu grades are com-
monly confined to narrow, contact-parallel shears along con-
tacts between mafic units against surrounding gneisses
(Fig. 7). The actual thickness of high-grade lenses or shoots
is determined by the number and cumulative thickness of the
thin, mineralized shear zones. This underlines the role of orig-
inal wall rock heterogeneity for the structurally controlled flu-
id flow and mineralization. The distribution of wall rock het-
erogeneities and, thus, the occurrence of high-grade lenses and
shoots are determined by the interaction and superimposition
of the original geometry and extent of the late
Mesoproterozoic intrusive breccia, and later Pan-African
strains (D2), recorded by transposition folding, the duplica-
tion, and also attenuation of mafic units (Fig. 10). The strain
localization into the central mafic schist unit is likely to have
modified the original geometry of the intrusive breccia and
original intrusive relationships. Notably, the ore shoots trend
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north-south, parallel to the regional stretch (L2) and are
contained within the undulating high-strain S2 foliation
(Fig. 6). This implies that the geometry and orientation of
ore shoots or lenses in the OSZ and at higher finite strains
are determined by D2 strains. The development of the OSZ
as a regionally significant shear zone system able to channel
regional-scale fluid flow probably hinged on the presence and
distribution of closely spaced, albeit irregularly distributed
mafic xenoliths in the central parts of the intrusive breccia.
This may explain the lack of mineralization in isolated mafic
xenoliths outside the central OSZ, mainly located in the hang-
ing wall of the anastomosing shear zone and, thus, bypassed
by the main fluid plumbing system. A localized mineralized
lens (BT lens in Fig. 6¢) in the HW of the main mineralization
may represent the incipient case of shear zone formation. In
this case, a cluster of mafic rocks resulted in strain localization
and localized shearing, but without developing into a laterally
more extensive shear zone system. This highlights the poten-
tially very patchy geometry of the mineralization for the
broader Ekuja Dome that reflects the combined effects of the
original late Mesoproterozoic (about 1100 Ma) geometry of
the intrusive breccia between amphibolite and tonalitic
gneisses, overprinted and modified by later Pan-African
strains that determined fluid flow in the shear zone system
(Fig. 10).

Mass transfer during fluid flow

Petrographic studies and the chemical analysis of variably
retrogressed samples from the OSZ provide a record of the
chemical exchange that took place during deformation and
fluid flow. The isocon method used here is not without prob-
lems since typically immobile elements have evidently been
mobile, so that the mass balance diagrams may indicate trends
of element mobility, but absolute values of element mobility
have to be viewed with caution.

The mass balance diagrams document that the hydration of
amphibolites to biotite-epidote schists in the OSZ is consis-
tently associated with significant increases in Cu, Cr, Rb, S,
and K,O (Fig. 9). The increased K,O and Rb contents during
alteration and mineralization are reflected by the formation of
biotite in biotite-epidote schists that host the mineralization
(Fig. 8). Significant enrichments in Cr correlate with the Cu
mineralization and Cr-epidote in the biotite-epidote alteration
assemblage and, to a lesser extent, Cr-rich magnetite (Steven
et al. 2000). The enrichment of the mineralized parts of the
OSZ in Cr clearly points to the solubility of Cr in the miner-
alizing fluid. A potential source for Cr may be found in the
alteration of originally ultramafic rocks to serpentinites that
occur in abundance as structurally interleaved slivers at the
top of the Ekuja Dome and with the structurally overlying
Kuiseb Formation metaturbidites (ESM 1). The structurally
imbricated serpentinite bodies underline the position of the
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Stage 1
ca. 1100 — 1060 Ma

* Cu mineralised mafic flows (Keweenaw-type)
« Intrusion of tonalite - intrusive breccia

Fig. 10 Conceptual model illustrating the main stages for the
development of the Omitiomire Cu deposit. Stage I Late
Mesoproterozoic (ca. 1100 Ma) basaltic rocks (originally lava flows)
with Cu mineralization (Keweenaw-type) were intruded by voluminous
tonalitic magma (ca. 1060 Ma) to form an intrusive breccia consisting of
xenoliths of basalt in the tonalite. Stage 2 Pan-African (ca. 520 Ma)
deformation and hydration resulted in the retrogression of amphibolites

Ekuja Dome at the base of the SZ accretionary prism and close
to, or within, the subduction channel of the Pan-African sub-
duction zone. The depletion in CaO, Na,O, and MgO most
likely reflects the breakdown of plagioclase and hornblende
from original amphibolite during alteration and retrogression
to biotite-epidote schist (Fig. 8). The pervasive biotite alter-
ation in mafic units is reflected in the increase in K,O recorded
throughout the mineralized parts of the OSZ. The immediately
surrounding tonalitic gneisses or amphibolites of the Ekuja
Dome are unlikely sources for the K,O. However, the thick,
quartz-biotite schist-dominated sequence of the Kuiseb
Formation surrounding the Ekuja Dome seems a more likely
source of K,O and possibly water during retrogression and
fluid flow under upper greenschist to mid-amphibolite condi-
tions. This would again point to the external source of the
fluids, derived from surrounding rocks of the accretionary
prism and, indeed, a subduction channel.

Constraints on the conditions and origin of ore fluids

The retrogression of amphibolites in the OSZ points to post-
peak metamorphic conditions of fluid flow. While syn-
deformational (D2) biotite-epidote assemblages are dominant,
late-stage chlorite replacing biotite occurs in minor amounts.
This emphasizes the retrogression of initially upper and mid-
dle amphibolite-facies mineral assemblages to progressively
lower amphibolite- and upper greenschist-facies assemblages
in the OSZ and reflects deformation during the exhumation of
the rocks (Kitt et al. 2016). This agrees with the crystal-plastic

Stage 2
ca. 520 Ma

» Pan-African deformation, retrogression, shearing,
fluid flow and remobilisation of Cu into the OSZ

to biotite-epidote schists, strain localization, fluid flow, and remobiliza-
tion of Cu into mylonitic shear zones that formed in the schists. The
highest grades are associated with quartz-biotite-epidote veins and shears
in biotite-epidote schists close to the contacts with felsic gneisses. The
highest density of veins and shears commonly developed along the hang-
ing wall contact with the tonalitic gneisses

deformation and dynamic recrystallization of gneisses and
mylonitization in the OSZ that points to temperature condi-
tions of at least 450500 °C (Passchier and Trouw 2005). The
O-isotope fractionations, given not only the empirical calibra-
tion of Bottinga and Javoy (1975) but also the theoretical
fractionations of Zheng (1995), provide temperatures for the
quartz-biotite, quartz-feldspar, and quartz-amphibole pairs
that are clearly compatible with upper greenschist- to middle
amphibolite-facies conditions (temperatures of 500 to 650 °C)
(ESM 5). The results show that the mineral pairs are in appar-
ent equilibrium at these temperatures, but with quartz-biotite
temperatures that are marginally lower than those for quartz-
amphibole pairs. While quartz cannot be in equilibrium with
both biotite and amphibole at different temperatures, the given
temperatures may still approximate apparent formation tem-
peratures as quartz is a dominant oxygen-bearing phase within
the rocks. Moreover, the hydration fluid may well have been
buffered by the rocks, and/or was relatively small in amount,
hence close to equilibrium with the constituent minerals with-
in the rocks. As such, no large changes in isotopic composi-
tion are to be expected as indicated by the absence of mineral-
mineral reversals in terms of their order of '*0 enrichment,
that is

8'%0q, > 8'*0p1ag > 8'%0¢p > "0 4mp > 8'°Op. This un-
derlines that there was not a pervasive throughput of large
volumes of externally derived fluids in the OSZ. Instead, the
rather low fluid/rock ratio points to the possible local redistri-
bution of original Cu mineralization. In fact, Steven et al.
(2000) suggested only local redistribution and concentration

@ Springer



Miner Deposita

of Cu mineralization from an initially late Mesoproterozoic
(ca. 1100 Ma) Keweenaw-type mineralization, in which the
originally basaltic flows and flow-top breccias were mineral-
ized during later Pan-African tectonism and fluid flow. This
notion of an original and subsequently remobilized Cu miner-
alization is supported by elevated Cu values of >1500 ppm in
pristine and unretrogressed regional amphibolite from the
farm Barreshagen. A primary introduction of Cu mineraliza-
tion during original seafloor hydrothermal alteration of a maf-
ic volcanic sequence can also not be excluded. In fact, the
somewhat elevated §'%0 values of the mafic rocks (amphibo-
lites), but good mineral-mineral equilibrium within these
metamorphosed equivalents is typical of a closed-system
metamorphism of seawater hydrothermally altered rocks
(e.g., Putlitz et al. 2000).

The above is also compatible with the hydrogen isotope
compositions of the minerals analyzed (biotite and amphi-
bole), which also do not show any “reversals” in terms of their
relative D enrichments and their range in values is typical of
metamorphic-magmatic rocks. This is illustrated in the table in
ESM 5, which indicates the range of calculated H- and O-
isotopic compositions of waters in equilibrium with the min-
erals at the temperatures of equilibration (500 to 600 °C).

The homogeneous 5°*S values of the chalcocite in veins,
pegmatites, whole rocks (retrogressed amphibolites), and in
massive ore zones between different lithotypes (ESM 6) are
also compatible with a local redistribution of sulfur during
metamorphism. Comparisons with other studies on metamor-
phosed ore deposits, such as volcanic massive sulfide deposits
or even Kuroko-style mineralization, indicates that the S-
isotope compositions of precursor ore mineralization is often
preserved in terms of average bulk values for the sulfides (e.g.,
Ohmoto 1986; Large 1992). However, in contrast to typical
metamorphosed volcanic massive sulfide (VMS) deposits that
generally have a range in 5°*S values of between 0 and 10 %o,
the range in 5°*S values measured for Omitiomire is rather
low at —4.7 to —6.1 %o, averaging —5.4 %o. For both the
VMS deposits as well as Kuroko-style deposits, the range in
5**S values is argued to be related to a complex interaction of
magmatic sulfur-bearing solutions with seawater sulfate, but
where the seawater is the minor constituent (e.g., Ohmoto
etal. 1983; Ohmoto 1986; Large 1992). Given the large range
of seawater sulfate 5>*S values over geologic time, the actual
range in 5°*S values for different VMS deposits is also quite
large and correlates with that of the seawater sulfate for the
period of mineralization (Large 1992). In fact, some VMS
deposits have 5°*S values that extend down to an average of
=5 %o (e.g., Mt. Chalmers in Large 1992). In other cases,
homogeneous 5°*S values with negative values, such as mea-
sured for Omitiomire, have been noted for magmatic intrusive
rocks, notably the Bushveld Igneous Complex (Liebenberg
1970), the Keweenawan Cu deposits (e.g., Donoghue et al.
2014), but also in the case of the oxide zone ores in Kuroko
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deposits (Ohmoto 1986). In all such cases, an interaction with
sediments and sedimentary sulfur sources, often of biogenic or
diagenetic origin, are considered as explanations for the range
extending towards negative 5°*S values. Such interactions are
clearly possible for the case of Omitiomire, where the relation-
ship of chalcocite mineralization with epidote-biotite mineral-
ization and the parallel enrichment in K hint at metamorphic
fluids that may have been derived from the regionally meta-
morphosed sedimentary rocks of the Kuiseb Formation and
have interacted with a pre-existing sulfide mineralization of
likely magmatic origin.

Regional correlations

Basement gneiss complexes in the SZ of the Damara Belt
show remarkable similarities with Palaeo- to late
Mesoproterozoic basement complexes in the Domes
Region of the Lufilian Arc of Zambia, both in terms of
their geochronology and tectonostratigraphic position, as
well as the structural and metamorphic evolution (Unrug
1983; Kampunzu and Cailteux 1999; Porada and Berhorst
2000; Rainaud et al. 2005; Lehmann et al. 2015). With the
discovery of major new Cu deposits in recent years, the
Domes Region has become an important Cu district in
Zambia, accounting for up to 10% of Cu resources in the
Central African Copperbelt (Sillitoe et al. 2015). Unlike
the world-class low metamorphic grade sedimentary-
hosted stratiform deposits that characterize the Central
African Copperbelt, Cu mineralization in the Domes
Region is associated with high-grade, amphibolite-facies,
basement inliers (Benham et al. 1976; Cosi et al. 1992
Bernau et al. 2013). Most recently, several studies on Cu
mineralization in the Mwombezhi Dome, Western
Zambian Copperbelt, have focused on the geology and
geochemistry (Bernau et al. 2013), geochronology
(Sillitoe et al. 2015; Turlin et al. 2016), and petrography
and microstructure (Turlin et al. 2016). These studies em-
phasize that the Cu mineralization occurred through the
remobilization of an older (Palaeo- to late
Mesoproterozoic) precursor mineralization episode that
was focused into high-grade metamorphic, Pan-African
(530-510 Ma) shear zones in and along granite-gneiss
hosted basement sequences. Both the timing and the
constrictional-type shear zones associated with Cu miner-
alization in the Mwombezhi Dome are remarkably similar
to the high-strain zones described from the OSZ in the
Ekuja Dome (Bernau et al. 2013; Kitt et al. 2016). These
similarities and the likely continuation of
tectonostratigraphic zones from the Damara Belt through
northern Botswana to the Lufilian Arc suggest a close cor-
relation between the development of the Omitiomire de-
posit and the Cu deposits in the Domes Region of
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Zambia, pointing to a much larger regional extent of this
Cu province (Kitt et al. 2016).

Conclusions

Cu mineralization of the Omitiomire deposit in the Southern
Zone of the Pan-African Damara Belt is the result of a multi-
stage evolution involving two main mineralizing events, one
in the late Mesoproterozic and one during the Pan-African.
Early-stage mineralization is related to the emplacement of
Cu-mineralized basaltic flows at ca. 1100 Ma. These basaltic
flows were probably similar to Keweenaw-type basalts.
Brecciation and dismemberment of the basaltic rocks occurred
as a result of the later (ca. 1060 Ma) intrusion of mainly
tonalitic melt into the previously formed basalt (stage 1 in
Fig. 10). The subsequent Pan-African tectonism and subduc-
tion of the Kalahari Craton (580-520 Ma) led to the initial
burial of the rocks and amphibolite-facies metamorphism of
the original basalts and intrusive tonalites, but earlier intrusive
contacts and the breccia-like textures between amphibolite
and gneiss are still discernible in low-strain domains of the
Ekuja Dome. The late-stage exhumation of the dome was
associated with the expulsion of the Ekuja Dome at the base
of the Southern Zone prism during northward-directed sub-
duction. Exhumation was localized along discrete shear zones.
Associated fluid flow, retrogression to middle amphibolite- to
upper greenschist-facies (ca. 650-500 °C) conditions and re-
action softening of original amphibolites to biotite-epidote
schists led to further strain localization centered around the
heterogeneous amphibolite-gneiss breccia, eventually
forming the Omitiomire Shear Zone system (stage 2 in
Fig. 10). Despite this, fluid/rock ratios remained low, but de-
formation and fluid flow led to the local redistribution of Cu
into the retrograde shear zones, particularly along lithological
contacts. The progressive transposition, duplication, and
stacking of Pan-African structures in the shear zone system
resulted in the development of linear ore shoots parallel to the
pervasive north-south Pan-African stretch. There are striking
similarities in the timing and polyphase evolution of the min-
eralization, as well as structural controls and ore body geom-
etries at Omitiomire compared to Cu deposits in the Domes
Region of the Lufilian Arc. This may suggest the existence of
a much larger contiguous Cu province, with important impli-
cations for exploration.
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