
ABSTRACT: 

The Neoproterozoic Central African Copperbelt located in southern Democratic Republic of Congo (DRC) and the northwestern Zambia contains 48% of the world’s cobalt reserves and significant resources of copper, zinc, nickel, 
and gold. The energy critical elements are hosted in the Katanga Supergroup carbonate and siliciclastic metasedimentary rocks which were deposited in an epicontinental basin formed during the break-up of Rhodinia and 
subsequently inverted.  The mineral exploration industry increasingly uses high resolution airborne magnetic surveys as a mapping tool in sedimentary basins. It is now possible to delineate halokinetic structures and 
stratigraphic units in areas with low topographic relief, limited outcrop, and a generally deep (15-100m) weathering profile.  

This study uses seismic interpretation techniques combined with geochemical data to map salt residuum and post salt sediments. The post salt sediments are divided into pre-halokinematic, syn-halokinematic and post-
halokinematic strata by tracking unconformities observed in the aeromagnetic data. Chemo marker horizons delineated from soil geochemistry surveys further refines stratigraphic mapping. Geochemical and lithofacies logging 
of drillholes provide “ground truthing” for the soil geochemical data sets and allow documentation of facies and sediment provenance changes during sedimentation of the original sedimentary sequence. Changes is sediment 
provenance signals are coincident with two district wide unconformities at the base of the Katete Formation and Kundelungu Group and appear linked to halokinematics and basin inversion.
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METHODOLOGY:

Areas with outcrop or containing drill holes and/or trenches were utilized to 
relate known geological lithologies with soil geochemical results using major 
element and trace element ratios. In addition:

• Stratigraphic contacts and structures were mapped from airborne magnetic 
survey (Figure 1);

• Soil multielement geochemistry results were interpreted manually using 
ioGASTM software;

• Element mobility in weathering profile were checked in drillholes to assist 
mapping interpretations; and

• All interpretations were validated against drillhole and outcrop data where 
available.

Soil geochemistry data
Soil geochemical data is a compilation of seven sampling grids originating from 
three exploration companies. 

The 25,317 soils samples were collected using the industry standard method of 
targeting the B horizon at approximately 30cm depth.  

The 2kg field samples were prepared by drying and sieving. The <180 um 
fraction was analysed by ALS Johannesburg using their MS-ME61 method. 

Airborne Magnetic Data
Magnetic images are a compilation of three magnetic survey data sets collected 
using a fixed wing aircraft flying at 100m line spacing on two surveys and 50m 
spacing for the third.

PROVENANCE AND LITHOLOGY INDICATORS IN SOIL GEOCHEMISTRY:

Changes in sediment provenance are reflected in soil geochemistry. Soils with a high Nb signature (Figure 1A) are located over the strata derived from rocks of the Mwashya Subgroup and rocks of the Mwale and Kakontwe 
Formations.  Soils with a high Sn and Cs signature (Figure 3b) are located over rocks derived from Kundelungu Group strata. 

Chemical marker horizons which aid mapping have been identified as phosphatic enrichments associated with the deposition of ironstones in the Mwale Formation (Figure 2A). Multiple enrichments of bismuth (Bi) and 
molybdenum (Mo) are associated with pyrite rich horizons (Figure 2B). The enrichment of P, Bi and Mo observed in soils are reflected in drillcore. However immobile Fe is enriched in soils which form from carbonate rocks and 
thus masks Fe enrichment in siliciclastic rocks. Stratigraphic enrichments of arsenic (As) (Figure 2C) appear to be associated with weathering processes and are currently being investigated. 

Soils derived from carbonate sedimentary rocks can be classified by a depletion of mobile cations and an enrichment of immobile ions. In the study area the soils above carbonate rocks are characteristically depleted in barium 
(Ba) and potassium (K) (Figure 3A) and enriched with Al and Fe (Figure 3B).  Whilst this may be counterintuitive it is likely due to a significant volume reduction of clean dolomite units as Ca2+ and Mg2+ is lost by weathering in 
an equatorial climate. 

Residual soils from siliciclastic rocks are difficult to further classify by lithology. Stratigraphic enrichments of vanadium (Figure 3c) indicate the presence of carbonaceous shales and an anoxic depositional environment.  Other 
redox sensitive organophilic metals, such as Mo, Au, Cu, Pb, Ag, Ni, Se, and Zn, can also be used to identify anoxic conditions, however the occurrence of Cu-Pb-Zn  mineralization  and Ni substitution into talc complicate the 
distribution of these elements.  Soils derived from sandy siliciclastic rocks can be identified by elevated silica content if analysed or indirectly by stratigraphic depletions of Al and other elements found in sheet silicates. 

Lithological (Figure 6a) and stratigraphic (Figure 6b) maps have been created based on magnetic unit mapping, unconformity picks and soil geochemistry.  When combined these can be used to identify areas where lateral 
facies change occurs adjacent to salt diapirs. 
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DISCUSSION :

Two areas with lateral facies change can be identified in the lithological map (Figure 6A). At point A, carbonate rocks appear to laterally transition into vanadium-rich siliciclastic rocks interpreted as carbonaceous
mudstones. At location B facies changes are observed across an interpreted salt diapir. Thus, facies variations can be used to interpret the location of structures within the study area.

Unsurprisingly there is a strong link between the major unconformities (0 and 7) and geochemical indicators of provenance change. Using this data only, it is difficult to pinpoint exactly when diapirism initiated, but a
significant unconformity and provenance change from a high to low Nb source between deposition of the Kakontwe and Katete Formations indicates that diapirs had grown to the point where sediment supply was
affected.

The major unconformity at the base of the Kundelungu group, the coincident geochemical indicator of provenance change from low to high Sn, and the termination of salt diapir structures within the upper Monwezi
Formation suggests termination of diapir growth. The presence of disconnected salt breccia bodies within Kundelungu group sediments suggests that diapirs were extruded as salt glaciers during the Lufilian orogeny.
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INTRODUCTION:

Mineralized horizons in the Central African Copperbelt are recognized from the
top of the basement underlying the Katanga Supergroup rocks to at least the
lower portion of the Kundelungu Group. Exploration requires a good
understanding of potential stratigraphic and structural traps throughout the
stratigraphic section as well as potential fluid pathways. This study provides a
method to map lithology, stratigraphy and structures in an area with limited
outcrop.

Figure 5. A, Airborne magnetic survey RTP VD1. B, Mapped unconformities and breccia resistate after salt, characterized by chaotic high and low magnetic zones.

Figure 1. Simplified geological map of the Central African Copperbelt after Torremans et al., 2018  and Selley et al., 2018.  

MAPPING USING AIRBORNE MAGNETIC SURVEYS :

Pseudo stratigraphic units were identified using magnetic characteristics from airborne magnetic surveys (Figure 5A). Unconformities were identified and picked using pinching strata and onlap-downlap relationships. The
interpretation was validated using drillholes and small-scale ground gravity surveys.

Drillholes and soil geochemistry interpretation allowed the magnetic characteristics of rocks to be linked to lithology. Chaotic zones of magnetic highs and lows are characteristic of megabreccias after halokinetic salt
bodies. Upon salt dissolution the megabreccias contain a carbonate-siliciclastic matrix surrounding mega clasts of gabbro, dolostone, mudstone, siltstone and greywacke. Units defined by continuous well delineated layers
of high and low magnetic signature, are typical of cyclic mudstone-siltstone strata containing variable amounts of disseminated pyrite. Units defined dominantly by a high magnetic signature are typical of silt and sand grain
sized turbidite-debrite deposits which contain disseminated magnetite and/or pyrrhotite. Units with a low magnetic response are not indicative of lithology. Such units are known to include mudstone, siltstone and
sandstone lithologies. Carbonate units exhibit a moderate – low magnetic response with a complicated sometimes discontinuous, but not chaotic layering. A very strong magnetic linear signal interpreted as iron formation
(purple line in Figure5B).

Eight unconformities have been identified in the study area, two of which are district wide (Unconformity 0 and 7), whilst the remaining six are locally controlled, exhibiting variability in onlap-downlap relationships within
the study area. Unconformity 0 is located between the Kakontwe and the Katete Formation (Table 1). Unconformity 7 is located between the Monwezi Formation and the Petit Conglomerate at the base of the Kundelungu
Group

CONCLUSIONS:

This study has developed a method to map lithology and
stratigraphy remotely. Salt structures have been identified
and the stratigraphy has been separated into pre, syn and
post halokinematic deposits based on unconformities and
morphology. Changes is sediment provenance appear
linked to halokinematics and basin inversion.

The Mwashya Subgroup, Mwale and Kakontwe
Formations are interpreted as early syn-kinematic
deposits which form a megaflap along diapir margins. The
Katete and Lower Monwezi formation are interpreted
mid-kinematic tapered halokinetic deposited in a
restricted basin with little sediment input. The Upper
Monwezi formation is interpreted as a late-kinematic
stage where sediment input increases. The Kundelungu
group is identified as post halokinematic.

The interrogation of multidisciplinary datasets using a
basin analysis interpretation allows exploration geologist
to interpret basin history and identify potential structural
and stratigraphic trap sites for the multiple types for
mineral deposits found in the Central African Copperbelt.

The integration of this data into structural model which
can be back stripped to key times of known
mineralization will aid base metal exploration in the study
area.

Fig 4  P

Figure 3. soil geochemistry - marker horizons, A. high P, along with Fe values are observed in the upper Mwale Formation, B. anomalous Bi and Mo in soils above the Katete formation (Series 
Recurrent). C. elevated As values in soils over five stratigraphic units.  The elevated As is thus far not reflected in drillhole geochemistry. 

Figure 2. soil geochemistry - provenance indicators, A. High Nb values characteristic of the Mwashya Subgroup, Mwale & Kakontwe 
formations. B. High Sn values characteristic of soils developed above rocks of the Kundelungu Group (Cs).  

Figure 4. soil geochemistry – lithology discrimination, A. Mobile elements such as K and Ba are depleted over carbonate dominated rocks.  B. Immobile elements such as Fe and Al are relatively 
enriched over carbonate rocks. C.  Elevated V values indicate anoxic conditions and are commonly located over carbonaceous mudstone bedrock.  
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B

Figure 6 A. Lithology map, B. Stratigraphic map (see Table 1) for stratigraphic positions of map units), C. Halokinematic interpretation strata separated into pre-halokinetic, early, mid and late halokinetic, and post 
halokinetic. All data are combined in Table 1.
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Table 1. Study area stratigraphic column integrated with Congolese Copperbelt Stratigraphy after Cailteux et al., 2005. 

Nb:Sn Sn:Sc

P:Sc Bi:Sc As:Sc

K:Sc Fe pct V:Sc
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