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Abstract

Theplacer deposibfthe west cast of southern Africais K S glargéStsR@ridary diamond deposit.
Geophysical, sampling and minipgpductiondata collected and analysedthin Atlantic 1 has revealed

that mineralisation across Atlantic 1 is not homogeneously distributed and not all of the licence area is
equally prospective. Therefore, filre purposeof economic sustainability of the minie is important

that areas of igh-grade diamond mineralisation are identified athé geologicabnd structuratontrols

on the diamond concentration and distributiarewell understoodThe geological and geophysical data
were analysed ttough GIS (ArcMap) to visualise the sea fldetineate and interpret the features
patterns and trends that are associated with higtade mineralisationThe analysis of geographical

and geophysical data of the Atlantic 1 marine deposits has revealed that there are specific localities
where marinediamonds are best concentrated resultinghigh-grade diamond mineralisation. Such
localities are associated with the nature of the surface terrain and favourable depositituit@nments,

which are of great significance to the prospecting &md the mning of diamondsHigh-gradediamond
mineralisationis best concentrated in the depressions, gullies, gravel beach berms, potholes, scarp
slopes and near the outcrops and platforms where turbulenéeed and where gravel accumulations

are stable enoulg to retainhigh-gradediamondsThe highest grades the Atlantic 1 mining licence are
locatedin Region Wyithin the Preproto gravelsuites. The Prproto gravel suitegorms part of a large
platform feature thatextendsthrough RegionsO and V, characterised by nobuth strikingpaleo

placer lineamentsThePreproto gravel deposit iflRegion€O, V and inshore of Ws characterised bgn
irregular surface terrain, andhée highest grades are located in the depressmragainst the @tform

within the Preproto gravel suites.
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Figure 5.13: Map showirthe existing resources blocks, and the potential target for exploration highlighted red
outline. Good mineralisation is expected ttida the northsouth striking feature where higgrade

mineralisation is mainly concentrated in the depressions. 81
Figure 5.14Map showing all the potential targs for further exploration, which were identified, based on the
nature of surface terrain, sampling information and historical mining recoveries. The map represents the existing
resource across entire lease block and the potential targets for furthesraxiph are outlined in red 82
Figure 5.15Map showing the nortlsouth strikingfeatures(paleaplacer lineamentsfblack outline) from the

south to the north oftlantic 1 as well as the proposed/identified potential targets (red outline) for further
exploration. 83

Pagex



Definitions and acronymsised in the text:

Acronym ! Explanation Acronym ! Explanation
Abbreviation Abbreviation
Cs Coral Sea REEs Rare Earth Elements
DA Debmar Atlantic Ga Billion years
DBMN DEDMARINE NAMIBIA Ma Million years
DP Debmar Pacific MA-1 Mining Area 1
LGM LouisG Murray glcm? Grams per meter cube
ML-47 Mining Licenceg 47 SSS Side Scan Sonar
GP IGariep AUV Autonomous Underwater Vehicle
Crts/m? Carats per meter square SBP SubBottom Profiling
GRM Global Resource Model M Melilititic
GIS Geographic Information System Ca Carbon dioxide
LAB LithosphereAsthenosphere Boundary CG- Reduced Carbon dioxide
°C DegreeCelsius HO Water
Km Kilometer G1K Group 1 Kimberlites
MFT Mafuta G2K Group 2 Kimberlites
Kbar Kilobars NAMDEB NAMDEB Diamond Corporation
Definitions

Autonomous Underwater Vehicleis a robotic submarine equipped with high resolution sensors.

Bar: These are asymmetric cogsarallel features of mostly sand and pebisieed mateial. These features are
linear.

Bathymetry: Is the study of underwater depth of ocean floors or lakes and it usually displays the topography or
sea floor relief and contours and is expressed as meters below water level

Beach BermA beach is the site of accumulation of sediment deposhigdvaves and currents around the sea
margin. A beach berm is essentially a thick accumulation of gravel which strBesntl forms a ridge along the
beach. The offshore face is steeper than the inshore back beach face and often contains well devesmbed be
cusps. The gravel can reach up to 5m thick.

Berm ZoneThese are zones of palabeach berms which are approximately 1m high and 150m in width with a
N-S strike.

Blocked Resourcesroups of 100x100mesource blocks at High Inferred and Limdicated level of confidence.

Chronostratigraphyisthe branch of stratigraphy that studies the age of rock strata in relation to time.

Deposit! O2y OSYGNI GA2Y w2NJ 200dzZNNByOS8 2F YIFIGSNRIE 27
may include mineralized material that cannot be estimated with sufficient confidence to be classified in the
Inferred category.

DepressionA depression is a low or depressed/hollow part of a surface. In Atlantic 1 these can be shallow, deep,
large-scale km-scale oRegioml) or smabkscale.

Erosion vs. Weatheringzrosions the process whereby particles are detached from a rock and transported away.
Weatheringis the disintegration and decomposition of rock and sediment by -sediace mechanical and
chemical processes. Weathering usually occurs in situ, while erosion implies the removal of material.

Footwall Sedimentary sequence underlying the diamondifer@ravel ore body.

Geological continuity The geometric continuity of the geological structure(s) hosting mineralization (e.g., vein
thickness and upgdown-dip continuation).
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Geological zonesGeological features that are formed in the same environment belnave similar geological
characteristics.

GeomorphologyGeomorphology is the scientific study of the origin and evolution of topographic and bathymetric
features created by physical or chemical processes operating at or near the earth's surface.

Gradecontinuity: The continuity of grade within the vein that exists within a zone of geological characteristics
and/or grade cuboff.

Gullies These are palaeohannels that have been eroded into stesjded ~linear features that are often
perpendicular to thecoastline.

Homogeneity The state of being homogenous.
HomogeneousUniform in composition or character
Jago Submersible tool used for deep water exploration and marine science observations.

Lithostratigraphy:ls defined as a sutliscipline ofstratigraphy associated with the study of the lithology of strata
or rock layers.

Mineralisation zonesGeological zones or features that have similar mineralization controls.

NAMDEB A 50:50 partnership company which was created in 1994 between De Beartha@ government of
Namibia.

Outcrop: This is defined as the total area over which a particular rock unit occurs at the surface. In Atlantic 1 these
features are often isolated and small.

Outlier: An area of younger rocks surrounded by older rockstlamfic 1 these are often resistant features.

Oversize Refers to very coarse particles ranging in size from pebble$418m), cobbles (6256mm) to boulders
(>256mm).

Panel! @S&aaSt |yOK2NBR o0& (62 2N Y2NB Y22NAy3d | yOK2N&
rectangular area in which the moored vessel can operate.

Pavement:This is defined as a flotike area of exposed rock which resembles a paved road.

Placer depositls an accumulation of valuable minerals (e.g. diamonds, gold) formed by deposition of dense
mineral phases in a trap site.

Plant feed Refers to coarse sediments ranging in size from grantden(®) to pebble (4.9mm) sized particles.

Platform: These are defined as laterally persistent higing areas of substrate. These surfaces are usually
cemented or hard, but may also be weathered or eroded. These features generally have a shallow offshore dip.

Pothole: Deep, circular holes inrverbed caused by erosion. In Atlantic 1 these are common features of the O
ridge.

Reflector/Capped ReflectorThis term is used in Atlantic 1 to refer to gently dipping (~2°) Cretaceous sandstone
units in Cretaceous clay. These units are visgismicallyg KA OK A& @gK& (KS GSNY WNBF

2dzi ONPLILAY I &dzNFFOS 2F (KS NBTFESOG2NI Aa OSNE KINR (KS

Remnant:This is defined as the part that remains after something has been removed. These are often similar t
outliers, and are strictly speaking outliers themselves; however, the term refers to outliers who show evidence of
extensive weathering and/or erosion.
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Resourcelst O2y OSYGNI GA2Yy 2NJ 200dzNNByOS 2F YIFGSNALFE 2F S0O2
quality and quantity that there are reasonable and realistic prospects for eventual economic extraction. The
location, quantity, grade, continuity andther geological characteristics of a Mineral Resource are known, or
estimated from specific geological evidence, sampling and knowledge interpreted from an appropriately
constrained and portrayed geological model.

Ridge:These features are the outcroppiegtensions of sandstone reflectors. These features agsdtriking and
generally strike over large distances. There is often associated faulting and rough topography in the form of
troughs and ridges and these areas often contain numerous loose sandstirse

Scarp slopein Atlantic 1 this term defines the area between the platform/ridge (Highg) and the lowying
surrounds. These slopes can be gentle, steep, major or minor.

Scour:In Atlantic 1 a scour is somewhere between a depression, a gully and a pothole. A scour may not have the
necessary circular shape to be defined as a pothole, nor thdisear shape of a gully, but should show the
necessary amount of erosive effect ovegigen area to be defined a scour.

Slabs:n Atlantic 1 a slab refers to a large flat piece of rock usually made of sandstone which may or may not be
cemented. Slabs are common on ridges where in situ weathering has broken up but not removed the main

substrate. Slabs may also be present on platforms or other raised areas, and are hot uncommon on the slopes of
such features.

Stone Diamond

Strata: A group of sedimentary rocks having approximately the same composition throughout. Note that the term
refersto the plural ofstratum.

Tombola This is a type of depositional feature composed of sand and/or gravel that connects an island to another
island, or an island to the mainland. These are usually thick gravel features on the inshore of large
outcrops/outliers.

Window DepressionThis is alepression that exposes the underlying older strata. These depressions often have
steeper offshore slopes and terminate against the offshore outcrop which modified wave energy to create the
depression.
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CHAPTER 1
INTRODUCTIOAND RESEARCH DETAILS
1.1. Generalntroduction

The Debmarine Namibia (DBMN) is a jointtuem company owned by De Beers Group ofmpanies

(50%) and the Government of the Republic of Namibia (50%). The company operates in the Mining
LicencgML)Area 47, commonly referred to as Atlantic 1. Atlanticdansarine open pit alluvial diamond
mining operationlocated about 8 km offshore, occupying a portion of the middle shelf ofSiath
Atlantic Ocean and stretches from Oranjemund in the south to Chameis Bay in the Aitattitic 1 is
approximately 5 987 kfin extent, and the geographic location of the project area is showiigare

1.1. Namdeb Holdings (Pty) Ltd. holds the licencedbth land and sea operations, and also owns 100%

of the operating companies, these being Namdeb Diamond Corporation (Pty) Ltd. and De Beers Marine
Namibia (Pty) LtdMining in Atlantic 1 officially started in 1990 with themmg vessel called.ouis G
Murray (LGMysinga crawler miningsystem.

The Atlantic 1 marine mining operatida conducted utilising two different methods based on the
direction that the orebody is intersected; either by vertical @@g@wvn) or horizontal (parallel to the
seafloor).Figurel.2 shows the two mining models being utilised in the DBMN fleet. The Coral Seas (CS),
Grand Banks (GB), Debmar Atlantic (DA), Debmar PacificG@f)p (GPandSam Shafiishuna Nujoma
(SSNare all vertical miners (drill ships) with a rotating wirth drill connected to the vessel with a rigid
steel pipe (Figurd.2A). Horizontal mining is done by utilising a crawler on the seafloor connected to
the vessel via an umbilical, lifting wire andxftde riser pipes. The (Mafuta) MFT is currently the only
crawler vessel in the DBMN fleet (FigdreB).

The Atlantic 1 mining licence area has been divided into areas of known geological homogeneity.
These divisions are represented sphyidy an ArcGIS shapefile known as @eozones Model (the
Geozones) (Figure 1.Bach geozone represents an area of homogenous geological conditions in terms
of footwall type and age, morphology and texture, and tsif@ potential (Gray, 2011a). TheoG4l
Resource Model (GRM) is a mineralisation model which attempts to group the Geozones on the basis
of homogenous mineralisation style. Shaw et al., (2005) define the GRM zone as an areflanfrsea

that can be defined and delineated on the basis ofvgtaorebody type alone or a combination of
common underlying footwall age and/or lithology and/or topography variation style. For ease of
reference the Atlantic 1 mining licence area is divided Ra&gions There are a total of 6&egions
covering the exént of the resource area.

Geophysical, geological, sampling and mining data within Atlantic 1 has revealed that mineralisation
across Atlantic 1 is not homogeneously distributed and not all of the licence area is equally prospective.
Therefore, for purpses of economic sustainability of the mine it is important that areas ofdjigtie
diamond mineralisation are identified and geological controls on the diamond concentration and
distribution are well understood. This research will therefore focus on ustinding the controls of
high-grade mineralisation in the Atlantic 1 mining licence. The Atlantic 1 resource is broken down into
100 x 100 m blocks in which the resource grade is classified, and the resource grade is expressed in
terms of number of caratper meter square (cts/f). The higkgrade considered in the study would be

the grade of 4.88ts/m? and higher as it is indicatdelgurel.4A and BAs stated in the letter of consg

all the actuadata used in this report are factoratlie to confidentiality.
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1.2. Problemstatement of the research

Since 2001 various studies have been undertaken to further unravel the complex nature of the Atlantic
West Coast geology. These include several updates on the Atlantic 1 geologicalPeudet, 1997,
Foster, 2001; Gray, 2010), Atlantic 1 mineralisation model (Gray, 2011b), Global resource model update
(Gray, 2011a) and Geozone legend (Mubita, 2015). However, with all the above mentioned models and
studies that have taken place, there shdeen no study focusing on identifying areas of lggide
mineralisation, understanding the diamond distribution controls and what should guide the exploration
and mining in search for higjrade mineralisation within Atlantic 1. Therefore, the focushas study

is to applyGeographic Information System (GIS) and geophysical techniques, analyse the sampling and
mining data, and geological observations from Jago footage to gain an appreciation of the spatial
distribution and controls of the higgrade damond mineralisation within the Atlantic 1 mining area.

1.3. Researchim

The aim of the study is to gain an understanding of the spatial diamond distritaridmajor
controls of highgrade areasvithin the area ofAtlantic 1

1.4. Researchbbjectives

Theobjectives of the study i® identify the geological and structural controls of higtade diamond
mineralisation within the Atlantic 1 mining licence.

The main questions of the study are as follows:

1 What are the controls/factors whicimay have affected the diamond spatial distribution?

T Identify geomorphological bedrock features: gullies, potholes, riffles; or events such as changes in
the river course (paleo-fluvial conduits) which are associated with the hgglade mineralisation.

1 How did the sedevel fluctuations and climate changes influence diamond concentration?

1.5 Research hypotheses

The occurrence of diamondiferous deposits off the Namibian west coast is generally associated with
high energy, shallow marine depositional environments. The concentration of diamonds and
consequent mineral enrichment of these deposits are as a resuli@tontinual reworking of older
mineralised deposits, and subsequent redeposition of diamonds in preftrapdites Reworking was
mainly through the agencies of wairduced bottom currents with sekevel changes, as well as fluvial

and Aeolian erosiongrocesses on emerged marine deposits.

1.6 Research significance

This study will contribute to an understanding of how the mineralisation occurs in Atlantic 1. It will assist
in identifying features or geozones that are associated with-giglde mineralisation and what to look
F2NJ AY 2NRSNI (2 @ghgNBeSieas duUkir®) explératidn addlrdhiing: Ehe imgokance
of mining highgrade mineralisation is primarily to maximise the Net Present Value of the company.
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Figure 1.2 The Atlantic 1 marine mining operation. A: Vertical model (drill ships) with a rotating wirth drill bit. B: Horizontal usingpg crawler mining tdoThese are
vessel models displayed in the Namdeb buildifidldr, Windhoek, where Debmarine Namibia (Pty) operates from. Pictures of the models were takensteih@018.
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Figure 1.3Map showing theAtlantic 1 geological zones (the geozonespresenting the areas of known geological homogeneity. The geological description of each
geozone are specified in the appendices.
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CHAPTER
2. 1PRIMARY SOURCE OF DIAMONDS
2.1.1 Origin and Age of Diamonds

DiamondsK I @S F2NXSR 2@SNJ I aA3ayAiTAai Diayiands hNBExBERI f@ F
approximately 2,300 Ma, which is about half the time Earth has been known to exist. However, there is a
possibility for inclusions in diamonds to be found that may prove that diamonds have existed beyond this
period.Known diamonderous placer deposits range in age from the Recent (Hall et al., 1985; Shmakov, 2008)
to the Proterozoic (Teeuw, 2002), with diamonds also present in the 2.89 Ghemlithg paleeplacers of the
Witwatersrand SupergroupAccording toKirkley et al.(1991), the recent geochronological studidgve

shown that most diamonds: (a) are mucblder than their original hosts which ar¢he volcanic rocks
(kimberlite and lamproite) that carried them to the surface) {heyare notgeneticallyalliedto these volcanic

rocks, meaninghat they are not crystallised from a kimberlite or lamproite magma, rather these are the only
magmas that reach the surface from sufficient depths to bring up diamams(c) have crystaléd, possibly
episodically, dring a large part of earth's histary

Diamonds form under high pressus@-60 kbar (156250 km) and temperatures (9a400°Q. As shown in
FHgure 2.1, these pressuretemperature conditionharacterise the upper mantle layer aage within the
diamond famation stability field Furthermore, Hgure 2.2 illustrates the hypothetical crossection of an
Archean craton and adjacent cratonised mobile beithich showsthe location of the lithosphere
asthenosphere boundary (LAB)relation to the stability fietls of diamond and graphite. Tipeincipal feature
of this model relevant tahe origin of diamondss the existenceof a keel of inflexible lithospheric mantle
beneath the cratonThe lithosphere and asthenosphere are separated by a major discontinuitydbouto
distinguish their chemical and mechanical propertigsedepth of theboundarywhich may lie at 20@50 km
or as deep as 40600 kmacts as aentral pointfor diverse reactions involving ascending magmas or fluids,
and as a potential site for the underplating of subducted matgN&tchell, 1991) In other word, at the
pressure needed to create diamonds, the temperature needs to be lower than the geuntlaed thus it is
only in the keel of old continents that diamonds are form.

According to Mitchell991) and Kjarsgaard.096), the lithospheric mantle is depleted in basaltic components
and is believed to consist of spinel and garnet lherzolite, haritieuagnd dunite, while the asthenospheric
mantle is believed to be relatively homogeneous and to consist of convecting mantle material, which can
generate midoceanic ridge type basalts. The rocks from the asthenospheric mantle are considered to be
"fertile” unlike the "barren" lithospheric mantle. Partial melting by rising plumes or diapirs may cause the rise
of voluminous melts which may pool at the lithosphasthenosphere boundary or erupt as continental flood
basalts.

In addition,Figure2.2is a scheratic model demonstrating magma sounmagionsand theassociation between

the diamond source rockand the ascent of these magmas in the Archean craton and adjacent Proterozoic
mobile belt. In the diagram, the location of the lithosphegthenosphere boutary (LAB) is shown in relation

to the stability fields of diamond and graphite. Fig@r illustrates that different group 1 kimberlites (G1K)

of asthenosphere source will differ with respect to sources of xenacrggimonds depending on the nature

of the mantle they ascend through. Kimberlite number 1) {day contain lithospheric and asthenospheric
garnet lherzolite diamonds together with garnet harzburgierived diamonds. Kimberlite number 2;XK
contains lithospheric and asthenospheric diamonds from the garnet Iherzolite diamonds together with garnet
harzburgitederived diamonds sources pluamords derived from lithospheric eclogites and subducted
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eclogites. Kimberlite number 34Kcontainsonly lithospheric and asthenospheric garnet Iherzolite diamonds.
Kimberlite number 4 (4, does nointersectany diamonebearingRegionsand is barren of diamonds. Group

2 kimberlites (G2Kjriginateat the lithosphereasthenosphere boundary and contailamonds derived from

garnet harzburgites and subducted eclogitic sources. An asthenospheric component may be involved in their
origin, since thg are more in the asthenosphere layer. Lamproite (L) contains diamonds derived from
subducted eclogite and littspheric garnet Iherzolite sources. Melilititic (M) magmas are shown to be derived
from above the diamongtability field andhereforethey are barren of diamorsl

— km —»
50 |00 150 200 250 300
l | L | 1 |
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|._
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Figure 2.1A graph showing the stability pressure (depths) and temperatures of diafnea@nd diamonebearing (field

D) as well as garnet iherzolite xenoliths. Kimberlites (K) are derived from within the diamond $§ttilithile Melilitites

(M) and ultrabasidamprohyres (L) forms at much shallower depths within the graphite stability field (source: Mitchell,
1991).
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Figure 2.2 Schematic model illustrating magma souregionsand the relationship between the ascent of these magmas
and diamond source rocks in the Archean craton and adjdenéerozoianobile belt (After Mitchell, 1991).

2.1.2 Emplacement of Diamonds

Kimberlites remain themain source of primary diamorglalthoughhigh-grade deposits in lamproitelsave
been discoveredKimberlites and lamproites afrelya mode of transportation afliamondsfrom the upper
mantle to the crustin this research, the focus will be on the kimberlites as a source of the \Wasitdiamond
deposits. Therefore, discussions on the lamproites are beyond the scope of thisGlement et al. (1984)
and Mitchell (1986) definedkimberlites as CQ™ and HO rich ultrabasic rocks that have a distinctive
inequigranular texture due to th@resence of large, rounded anhedral macrocrysts (i.e megacrysts and
xenocrysts) plus euhedral to subhedral phenocrgstsin finergrained groundmasKimberlites are alkaline,
volatile-rich potassic, lowensity ultrabasic rocks that hawa enriched inompatible (Sr, Zr, Hf, Nb, RE&
compatible (Ni, Cr, Co) elements signature similar to, but distinct from lampréij@s§aard, 1996)

Kinnaird(2016 highlighted that kimberlites formefiom small degree partial melts of carbonabearing and
hydrous mantle peridotite to larger degrees of partial melting that would result in a basaltic magma. They
occur as diatremes, pipes, dykes and sills, less commonly as volcanic tuf&snBéaftorm to about 1 km depth

as the hot kimberlite magma >900°C heateshrsurface groundwaters angater flashed to steamesulting

in explosive activityKimberlites occur in aircumscribedectonic setting and ardound only in prehistoric
continental shieldRegionlder than 1.5 Gaccording to Clifford1966), quoted by Kjarsgaard1996). The
characteristics for a preferrectonic environmenfor Type lkimberlite pipesare:thick, old craton with low

heat flow values, and the economic kimberlites ardnieted to Archean cratosolder than 2.5 Garigure2.3
showsthe distribution of kimberlites worldwide in relation to Archean cratons.

In kimberlitehosted deposits, diamonds occur asidely spread oyt mantlederived xenocrysts and
diamondiferous mantle xenoliths in the kimberlite matrikigure2.4 shows typical major components of
kimberlite magmatic system, where the economic quantities of diamonds are mainly found in kimberlite
diatremes and root zone.
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Figure 2.3The distribution of kimberlites worldwidle relationship to Archean crans. (Sarce: Kjarsgaard, 1996).

2.1.3 Tectonic setting of Kimberlites

Eggler (1989) believed that kimberlite magmas are formed by the partial melting of carbonated peridotite
sourceregions Kirkley(1991) added that this happens when a peridotitemprises ofa small amount of a
carbonate mineral such as dolomite (source obL@s well as phlogopite (source of potassium) becomes
hotter, and a small portion (less than 10%) of the rocks start to melt initiallyr&hgtantfrom this partial
melting will havethe chemical characteristics of kimberlites as mentioned above (volathe potassic,
ultramafic). This process takes place at pressures0é85 kbar and temperatures of about 1260500 °C
(Kirkley,1991).

Ringwood etl., (1993) on the other hand proposed an alternative model in which kimberlite magma is formed
by partial melting in the transition zone (4@%0 km depth). This model was proven by the presence of-ultra
high pressure majorite garnets that occur as inclusionthe diamond and in mantle xenoliths, which are
normally consistent with kimberlite magma formation at depths of at least 30QKjarsgaard, 1996).

Kimberlites ascend through the mantle ednsiderably higtvelocities (1630 km/hr) by crack propagain
processesHowever, near the surface vent velocity increases to several hundred km/hr due to rapid CO
emitted from the magma.Highly gasharged magma breaks through explosively to surface at points of
weakness to form kimberlite diatremes and cratdilted with fragmented rocks (kimberlite, lamgite,
country rocks (angular crustal materjalMitchell (1991) emphasised that there are quite a few conflicting
theories about tectonic settings of the kimberlites. Typically, each hypothesis only estprigistribution of
kimberlites within a given province which is not certainly applicable to other provikicagever, the common
hypothesis is that kimberlite fields are believedle situatedupon linear or arcuate trends related to the
presence of mar crustal fracture zones termed lineaments or disjunctive zones.

Mitchell (1991) added that models of the tectonic control of kimberlite emplacement vary based on the
instigation of partial melting in the mantle and the mounting of magmas alongrure zones. These
include epeirogenic uplift, transform fault extension, and hot spot and subducélated magmatism.
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blows and sills. (Modified after Mitchell, 1986).
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2.2SECONDARY (PLACER) DIAMOND DEPOSITS: WEST COAST DIAMONDS
2.2.1West coast diamondource and transport

Over the past 90 million years most of the draiedq@sins covering the Kaapvaadton have flowed from east
to west and emptiednto the Atlantic OceanThe mid to late Cretaceous Pala@tifantsRiver also termed
the KarooRiver and the KalahamRiver(PalaeeOrangeRive) are the favoured mechanisms for bringing
terrigenous material to the coast (De Wit, 1993; Pegler, 1997; Bosma, 2001; Moore & 2@d4eandlacob,
2005). During the late Cretaceous / edtlgnozoigeriods the lower Kalahari had captured the upper part of
the KarooRiverestablishing the broad Orandivernetwork observed today. After ~103 Ma it is thought that
the KarooRivea O2y (iNAodziA2y (2 (K SRivelbetang theodriifarkt gasbRtor y R
to the Basin (Jacobs, 2005). The Pal@eange(Kalahar Riveris thought to have included the drainages of
the lower Orange, Molopo and Figtives (De Wit et al., 2000: reported in Moore & Moore, 20@)entually,
the OrangeRiverbecame themainchannelbringingdiamonds from hinterland sources to the Namibian coast
(Spaggiari et al2006 and Jacobs, 2005) (Figure)2.5

The mostbelievedsource of the west coast diamonds are the Cretaceous kimberlites, although it has been
suggested that Dwyka glaciation may also have contributed to the diamond population through the erosion of
pre-Karoo kimberlites and their incorporation into Dwyka seglits. As stated bi¥loore and Moore(2004),

GAF AG Aa LINPLRASR (KIFG &dzOK | fFNBS RAFY2YyR NBa
Gondwana erosion cycles, there is no reason to suppose that earlier cycles, such as the Dwyka glacldtion, cou
y2i R2 GKS alYS:I 3IAGSY | &AYAf Il N adzLlL)x & o

This becomesgarticularlyrelevantwhen considering that the drainage of tialaecOrange(KalahariRiver

tapped the Karoo Basin, and that diamonds have been found in the Karoo sediments. However, there is no
shortage of kimberlites in the interior which could have been drained by the Orange system. South Africa is
known to contain over 3000 kimberlites, although not all of these would have fallen directly within the
drainage systems of thealaecOrangeRiver and a large number of these kimberlites are not diamondiferous
(Kirkley et al., 1991Yhe first kimberlite pipe was discovered on the Kaapvaal Archgadcraton near the

town of Kimberly, South Africa, hence the nardémberlite intrusions are dateddm as early as 1.6a in
Kuruman, Northern Caga South Africa to a®centas the Eocene in Namibia with the majority intruded over

the last 200 Ma (Kirkley et al., 1991). The most obvious scenario is the erosion of kimberlites to release their
diamondcontent, and subsequent transportation to the coast with or without a period of suspetiiisiKaroo
sediments.What then becomes important is the concentration of these diamondiferous sedinietitsa

viable deposi{Figure 2.5).

Figure 2.5 shows that thearine diamonds originated from Cretacecage kimberlites intruded into the
interior of South Africa, generally between 120 and 80 million years ago (De Decker and Woodborne, 1996).
Erosion followd continental uplift since theate Getaceous and remowk approximately 1400n of the
kimberlite pipes and the surrounding country rockaberts and Whit€2010 have confirmed that over the

last 3040 Ma, the African landscape has been sculfigghases of bothegioral and continental wide uplift,
which arecontrolled by the changing pattern of convectisieculation beneath the thhospheric plate. During

their work of estimating the uplift rate histories fronver profiles, the interpretation of apatite fission track
data across Namibia suggedtincreaseddenudation from 70 Ma up to the presenthey further admitted

that an increase in denudation from ~50 Ma to the present is not obviously reflected in offshore sedimentary
flux, nevertheless, offshore basins ttave Cenozoisedimentary sequences which are up to 1 km thick,
suggesting that the lack of proximetcommodation spackas triggered deposition d€enozoic sedimenia
deeper basinal areas.
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Figure 2.5 The sourcgtransport, deposition and concentration of the gaeplacer deposit on the Namibia west coast in
the Orange Basin. The picture shows the journey of the west coast diamonds as originated from Kimberly area, and they

were transported to the Atlantic coast via the Orange and \Rieér They were then depasd andconcentrated into
viable deposits (After Gray, 2010).

In terms of thegeology andbathymetry of thecontinentaimt NEA Yy X (GKS aDNBF G 9a0l NL
coast, rising to about 700 m and separating the inland plateau from the coastal lowlands. The coastal lowlands
and escarpment are cut by numerouser channels with a drainage restricted to the western sidehaf
escarpments. Most of thesévers are currently inactive however, the deeply incised courses reflect thet the
wereperiods when runoff from the escarpment must have been very pronountbd.Orang®ivermpresently

accounts for more than 90% of thediments discharged onto the western continental shelf accordingdo
Deckerand Woodborne(1996).

2.2.2West coasiplacer deposits

Placer deposits or placeisan accumulation of valuable minerals (e.g. diamonds, gold) formed by deposition
of densemineral phases in a trap sit€he named from the Spanish word placer, which meéatuvial sand".

Placer deposits are generally heavier and more durable than average minerals, and they have been eroded
out of the original rocks in which they formed, misported and mechanically concentrated by water in
streams Examples of these minerals adiamonds, gold, tourmaline, beryl, and many other minerals (Kamona,
2014).Marshall and BaxteBrown (1995) highlighted five differentategories of placer depositshich are

fluvial, marine, wind deflatiorfaeolian), lacustrine and glacial.he west coast diamonds occur in four main
deposit types which are fluviddeach, marine andiind deflation éeolian as shown in Figure 2.®e degree

of diamond concentration varies considerably in different deposits of anybties categorieshowever,the

most economically significant deposit type is the marine, followed by the fluvial. The only important example
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of an economic wingtoncernrated diamond deposits the ElizabettBay depositin Luderitz Namibia Brief
descriptions of each of the placer depasit west coast are listed below. However, this research will focus on
the marine placer deposit whidk being mined by Debmarine Naipia.

Pocket

Beaches

Figure 2.6 The Landsat image of the west coast diamond placer deposits, amibvial, beach, deflation€alian)
and marine diamond placer deposits (Modified after, Corbett, 2002).

Fluvial depositsFluvial depos#tare formed irriver or stream sediments. The fluvial placers along the Orange
Riverformed in high turbulence braided stream systems with eddies caused by large values for bed roughness.
Under these conditions the heavy minerals, including diamonds, were preferentially itkgpos the large

pore spaces created by the coamgmined basal deposi{dacob et al. 1999).

Most fluvial diamond placers occur in naggrading braided systems where the diamonds are preferentially
trapped by very rough substrateisicluding fluvial onglomeratesdeposited by a mixture of traction current
and massflow processes (Figure 3.7
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x Beach placersBeach depositare formed bywave action on the seashore, for examplack sands
(magnetite of California and New Zealand and ttiemond gravels of southern Africkigure2.8
shows the beach placer deposit of the Oranjemuriding area, locally known as MIA

Figure 2.8Beach placer deposits of the Oranjemund mining area, Namibia as seen from the air in Sept 2016

x Marine placer depositsMarine deposits occsiboth onshore and offshore as ancient strandlines that
mark both eustatic and isostatic fluctuations. In broad terms, eaanadeposits of marine alluvial
result from transgressive seas (Marshall and Baktenvn, 1995).The Namibian Pli®leistocene
marine placers formed in a thick succession of cobtigebblesized shoreface gravels

x  Aeolian (Deflation) placer depositAeolian deposits arformed by wind action in arid areaStrong
wind currents, originating from the soutlplayed a role in redistrilting diamonds in the beach
terraces. Small diamonds, in particular, are affecteddalianor wind erosion as they were swept up
distinct channels inshore of the Namibian coast.

2.2.3 Marine diamond concentration mechanism and placer formation

The continental shelf exteds as much as 258m offshore and reaches a water depth of up to 500D (
Deckerand Woodborne, 1996)There are three morphologicalegionsthat are distinguished on the
continental shelf: an inner shelf, a middle shelf and an outer shiH.inner shelf is the area where most of
the diamond exploration and prospecting has tal@ace to dateDebmarine Namibia is mainly operating in
the middle shelf which is charterised by bedrock subcrops até Cretaceousral Cenozoi@age, and has very
low seafloor gradient and relief. The depth varies between 100 and 250 m.

The Benguela currerthat occurs off the southern African west coast moves eagiowly equatorward as a
compensation current at an average of 1dii/s and therefore lacking the capacity to affect the redistribution
of diamonds on the continental shelf. The southern west coast is a-d@awenated micro tidalregion
According to D®eckerand Woodborng1996), sediment movements along the coast on the inner srelf
by means of strong northward directed littoral currents which are generated by high energy\sestérly
swells that are incompletely refracted by the genaratth-south orientation of the coastline

On the arrival of diamontbearing terrigenous sediments to the continental shelf it is thought that marine
processes would have dominate@ard and BlucK1997) have been able to show that the palasave

direction of the past favoured north-easterlydirection similar to the preser(Figure 2.9). Ward and Bluck,

MppT O | AASNI (Kl GEK BNKARNIKA B KA Sy ENAexa t 2SN nn YA
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is thought to have been equally enetir in the past, if not more so, which would have been integral in forming
the economic concentrations of heavy minerals (Terhorst and Hockney, 1991).

Diamondferous deposits occur mainly in high enesgwironmentsalong palaeestrandlines. Therefore, sea
level transgressions and regressions, but #madly stilkstands since theate Cretaceousare of fundamental
importance to understand the distribution and occurrencedaimondiferoussediments on the continds.
There were several phases of deselfluctuationswhich became significant from the middle of the Eocene
when the sedevel was about 180 m above the present level (Spaggiari et al.,; ZD®@eckerand
Woodborne, 1995 This was follwed by theOligocenesealevel regressionavhich reached a maximum of
approximately-500 mabout 25 million years ago and resulted in diamonds being brought to the prelsgnt
shelf break. Extensive erosion of the coastal lowlands brought diamonds frodyhigholdemarine deposits
and redistributel them along lower strandlines’he Miocene transgression (about 20 million years ago)
produced diamodiferous deposits on waveut terraces at elevations of +90 m above 4®zel.

Several sedevel changes in thQuaternary(the last2 million years) varied between +30 m a200 m with

the transgressiosirarely exceeding the present séevel. These numerous changes in-4mel served to
concentrate the diamonds onto the various wawmét terraces, systematicaliynproving the grade. Wave
induced coastal currents transported the sediments and diamonds northwards, continuously stretching
further north from the primary source points at the Olifants and OraRgesrmouths and from the smaller
rivers with catchments wst of the Great Escarpmerid¢ Deckeand Woodborne, 1996). Constant reworking
through seaevel changes trapped the diamondgthin gravellag that was depositeth the gullies, potholes

and the fluvial channels eroded into the waseit terraces.

Theresult of these fluctations, particularly after theate Cretaceous interior uplift and subsequenter

incisions, was to disperse and accrete littoral sediments over a substantial width of the continental shelf
(Spaggiari et al., 2006he Deckemand Wamdborne, (1996) summarise the occurrence of diamondiferous
RSLI2aArAda 2FF GKS blEYAOoAlLY 6Sad O21ad ax a3aISySNI
Sy @A N2 yRg@ e/ shawsthe concentration of diamonds and consequent mineral@ment of these

deposits are as a result of the continual reworking of older mineralised deposits, and subsequent redeposition

of diamonds in preferredrapsites Reworking was mainly through the agencies of wiadeiced bottom

currents with sedevel chages, as well as fluvial aadolianerosional processes on erged marine deposs

(Figure 2.8). Work by De Wi1993) suggests that diamondiferous gravels were carried to the Atlantic margin
from as early as the Cretaceous, through the Miocene, Plmesi Pleistocene.

In terms of the size and quantity of wat@nsported diamonds on emerged marine terraces and in the surf
zone along the west coast the size amindance decreases away froml@eoRivery 2 dzi Ka @ KA OK | N
& 2 dzNJorShe gems. The comparatiwdifference between the specific gravity of quartz (2.5 gigand
diamonds (3.5 g/cn¥) means that diamonds are much more mobile than otheavy minerals. Because of

their exceptional hardness, diamonds are more prone to eiing during transport, thereby remairg as

part of the sediments being transported. Eventually, the diamonds become entrapgertebythe larger
diamonds are more easily trapped since they only move under extreme conditions. The smaller diamonds
move hexorably farther northward with time (De Decker and Woodborne, 1996). With regards to the
depositional time, according to Jacob et al., (1999) and Bluck et al., (2005), the minimum diamond sizes and
grades are recorded from the oldest deposits, with QleggeMiocene terraces hosting the largest diamonds

and the highest grade3.hese observations are taken as evidence that most diamond transportation to the
west coast initiated durig the Eocene and peaked in tlad Oligocene, before declining thereafi@luck et

al., 2005).
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Figure2.9: The concentration of diamonds and consequent mineral enrichment of these deposits are as a result of the
continual reworking of older mineralised deposits. A: The aggressive oceanic regime driven by longshore drift which is one
of the most effective conagrating mechanisms on the Namiliavest coast. B: Marine/fluvial deposits exposed to
surface and subjected to reworking by aeolian process. (Gray, 2010).
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CHAPTER 3
RESEARCH METHODOLOGY

This research asaccomplished through the following components whicarevused to identify higkgrade
areas and helgdin understanding the geological controls of higtade mineralisation. The listed components
belowareexplained further in detaih this sectioron how they were used to identify higirade areas

3.1 GIS
3.2 Geophysical data
3.3 Field work
3.3.1 Vessel trips
3.3.2 Jago footage observations
3.4 Analysis of production and sampling data

3.1 Geographic Information System (GIS)

GIS software, specificalprcMap was used to visualise, analyse and interpret data to understand
relationships, patterns, and trends that are associated with {gigide mineralisation. Both geographical and
geophysical data of the Atlantic 1 depositre analysed througlArcMap Amongthe data that wascaptured

are the visuas or images of sudce terrains which distinguisklevation differences, depositional facies and
structural featuresThs data wascollected as raps of different geological and structural featutest were
generatedusing ArcMap.

3.2 Geophysical data

Since 2001, Atlantic 1 has been surveyed with an Autonomous Underwater Vehicle (AUV) which allows a
significantly higher resolution of side scan sonar (SSS), swathe bathymetry and seismic data to be collected on
I & & (platiofmS Geophysical data using AUV prodidbe side scan sonaof the seafloor, seismic
reflection profiles of the underlying geology and bathymetry grids whiehe used in delineating geological
features and analysing them in relation to higtademineralisation All this data wascollected as maps that

were later analysed and interpreted.

3.2.1 Side Scan Sonar (SSS)

In order to gain insight into the textural characteristics of the sea flside scan sonaechnology vasused.
Theside scan sonaffectively takes pictures of the sea floor whose contrast can be analysed to determine
0KS WNRdAAKY S a &igure B.F Tekttrsd feaiugeddefinkd/in this way can be truthed by both
sampling and mining activities. Outcrops or elevated featwrese also traced this way, as well as the
depressions.

3.2.2 Bathymetry

A bathymetry image(Figure 3.2) depicts the morphology of the prominent or resistant features such as
sandstone outcrops. Identified features were then mapped based solely on shdace expressions. To
delineate the geometry of a feature requires an analysis of thessuface and this was done using seismic
sections(Figure 3.2B)An analysis of the bathymetry is therefore usually done in conjunction with seismic
interpretations.
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3.2.3 Chirp Seismics

Chirp sukbottom profiling (SBP) has been used extensively to delineatesstihce geological features such

as faults, ridges and unconformity surfaces. @eoustic profiling was used to determine the textural,
morphological and gemetric characteistics of the gravelFigure 3.2 shows the global airgun seismic lines,

indicating the 6 lines (numbered amiyhlightedwith red colour) that were picked for interpretations for this

research while Figure 3.3B shathe unrinterpreted sismic profile generated and displayed from one of the
airgun seismic lines shown in Figure 3.3A.

3.3 Field work

3.3.1 Vessel trips

DebmarineNamibiafleet consist of7 (seven)essels in total, of which 5 are mining vessels and 2 are sampling
vesselsAmong the mining vessels are thebmar Atlantt (DA), Debmar Pacific (D8griep (GPandGrand
Banks (GB)yvhichvertical miners (drill ships) with a rotating wirth drill connected to the vessel with a rigid
steel pipe (Figuré.2A), and theMafuta (MFT) whichis currently the only crawlaminingvessel in the DBMN

fleet (Figurel.2B). Horizontal mining is done by utilising a crawler on the seafloor connected to the vessel via
an umbilical, lifting wire and flexible riser pipd@$ie Coral Se&CS) andite Sam Shafiishuna Nujoma (SSN) are
the sampling vessels doing exploration and sampling for Debmarine Namibia.

There were several field trips to the sampling and mining vessels at sea during the duration of the research.
Vessel visits were done at the tinthe miningtook place in the higlgrade areas. The aims of the field trips
were mainly to observe, record and interpret data from offshore marine deposits, to provide information for
geological mapping and to evaluate the ore depd3ita collected duringjeld trips (vessel visits) wasainly

gravel picturesobservedfrom the screensiuring mining. Picturetaken during miningwere then analysed

and interpretedtogether with Jago footage and sampling dagtructures observed from r&csamples
collected where noted and interpreted (Figure)2Bigure 3.4hows one the mining vessels (Debmar Atlantic)
visited for dada collection during the study.

3.3.2Jago footage observations

The Jago is a small twoan submersible underwater vehidleat is used in sea floor exploration and marine
sciences researches. It dst® a depth of 400 metres carrying a pilot and an observer. It can be transported
in a standard 6 metre container and can be launched off the deck of any vessel offering sufficiett atabili
crane capacity. Figure 3gesents the Jago diving tooperation. Figure 3.5A shows when the Jagorighe
vessel deck anBigure 3.5B showshen it is clearing the deck as it is about toldenched.

This submersible is charted by Debmarine Namibia every 2 years and it provides valuable information of an
otherwise inaccessible/ remote terrain of tremabedin Atlantic 1.The first project of ts type was carried

out in 1996.0ver the years the Jago has been effectively used to grtiutid the findings/observations of
geophysical interpretations, sampling amdning information. The Jago dives allow for visual observations of
the seabed and therefore is avaluable component which helpg understanding the geology and
mineralisation controls in Atlantic (Figure 3.6)During the Jago dives, data collectedsunainly pictures of

the seabed that were captured while the Jago tool was traversing at the sea fléigure3.6Ashows the

footage observation picture taken durirgglago diving operation, showisgabed surface and type of gravel

clasts inRegionU. Figure 3.6B shows the interior of the Jago diving tool with the geologist observing the

geology.
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Figure 3.1 Example of a side scan sonar image taken from Atlantic 1, showing the exposed gravel texture (Dark patches) and thesi@igtesaieas) covered by silt
overburden
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Figure 3.2Thedelineation of depressions antkeated features requires both mapping the bathymetry (A) and the
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Figure 35: The Jago diving tool. A: Jago diving vehicle on the deck of the S.A. Agulhas Il research vessel. B: Jago diving
vehicle clearing the deck as it is about to be launched.

3.4 Sampling and Production mining data

The geological information and resourgeconciliation data captured during the sampling campaigns and
mining were critically examined in terms of the geological model, geological zones and mineralisation
potential. Areas of higlgrade mineralisation were identified and examined in relationie geology. This

helped in understanding the geological controls on kighde mineralisationData collected included the

maps showing number of stones per hole recovered during sampling (Figure 3.7A & B), and maps of recovered
grade from mining in diffeent geology (Figure 3.8).
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Figure 3.6The Jago footage observations. A: high gravel volumes composed of pebbles, cobbles and boulder size, typical
of RegionU material. B: A geologist (Elina Amutehysside the Jago observing seed mining conditionand geology.
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Figure 3.A: Maps showing number of stones per hole recovered during sampling
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CHAPTER 4
RESEARMRESULTS

The gographical and geophysical data of the Atlantaeposit that wvasanalysedusingArcMaphas revealed
that there are specific localities where marine deposits havegher probability of containing higgrade

diamond mineralisation. Such localities are associated thigmature of the surface terraiand favourable
depositional environments

Forall the areas in Atlantic With resource blocks, the higiraderesourceblocks were selected based on the
sampling(estimated gradeand miningrecovered grade The highgrade considered in the study is theade
of 4.83cts/m? and higher.Figure4.1 presents theexising high-graderesourceblocks in Atlantic Inining
licenceas updated at the end"2quarter 2017

After the existing higlyradeareaswere located, the next task was to analyse in detail thdarlying geology
using @ologcal (depositional facies) and geophysicatllymetry, seismic and side scan sonar) images in
order to identify the geological and/or structural controls in those aré#sng the GIS software, specifically
ArcMap, patterns ad trends were identifiedfrom side scan sonar and bathymetry images. Chirp seismic
sections were generated and used to delineate -sulface geological feature$seological observations
including observed gravel pictures and images collected during dag@nere alsoanalysed anghresented.

Areas of interest where mogtf the results were collected eve mainly areas of higimineralisationtrapsite
potential which comprises the geological zones that ltheeability to trap mineralised gravel. This is mainly
a function of the geomorphology of the geozone footwall surfa€erinstance the areas with rougher
footwall topography will have a high trapsite potential relative to smoother footwall areas provided th a
supply of mineralised gravel.

Eventually, through a detailed analysis of the highde resource localities, geological and structural
conditions were identified as favourable depositional environmeamtsontrolsfor high-grademineralisation

in Atlantic 1.Some favourable depositional environments identified included outcrops, depressions, gravel
beach berms, potholes, gullies and scslgpes thatact as trapsites.

4.1 Geologicaland Geophysical data
Favourable depositional environmentstontrols for highgrade mineralisation

UsingArcMapsoftware, all the highgrade blocks in Atlantit were identified as shown indure 4.1. The
cluster ofthe highest gradédolocksof 11.6 cts/m2 and highan orderof their dominancevhere found inPre
proto source areavhich coversRegionsV/, O,W and inshoreN. This were followed by the Proto and Meso
sourceareas, whichmainly coverRegiondM-U-L-T and kJ respectively. Other higlgrades were observed
further to the northern part of the study arem Regiond= and GFigure 4.2)

4.1.1Depressions and Eroded PlatformsRne-proto source area

Highgrade blocks on the Prgroto sourcearea which coverfkegionsV, W,0, N where located in the
depressios and eroded platorms. These features were identifies lowor depressed part of the surface
(Hgure 4.3). Figure 4.4 show the associated grade on the mentioned featlifes.insight into textural
characteristic of the sea floor was acquired using the side scan soi®rigg&fe, which were mainly analysed
to determine the roughness of theerrain, whichplays a big role in terms of trapping and retamthe
diamonds Figure 4.%resent the side scan sonar of the same hjghde area ifRegionV.
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Figure 4.1Map showinghe existing highgrade resource blocks in Atlantic 1.
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The morphology of the prominerdr resistant features such as outcrogse depicted from thebathymetry
image Figure4.3). To delineate the geometry of the featuseequiresthe analyss of the subsurface, whidgh
done usingthe seismic sections. Both the bathymetmd seismicross sectiorof the high-grade areain
RegionVis presentedn Figure 4.6Furthermore theinterpreted seismic profiles which were generatedm
seismic lines (Figure 4.d¥ing siesAVS softwareere displayed andall the structuresand different gravel
layersobserved were highlighte(Figure4.8). Thesix seismic lines presented iigire 4.7displayed similar
trend andstructures, which were interpreted onragioral scale (Figure 4.8).

4.1.2Beach berms

Following the higlgrade mineralisation ithe Pre-proto source areas that covenainlyRegions/, O, W, and
N, the second clusteof high-grade mineralisation ere observed in the southern arsaf the Atlantic 1,
mainly inRegion¥K and L. These high gradeere found in the kach bernmgeozones, whichre characterised
by thick gravel accumulatiofrigure 4.%hows the spatial localities of the beach berm zotied are mainly
located in the southern inshorBegiongL & K) of the Atlantic 1 licence area ane #izes of the beaches
decreaseoffshore Figure 410 shows the sismic profile through a beach bergeozone

4.1.3Gravel Platforms:

Gravel platforms are referred tashighlying gravel accumulations whiafenerally hag a shallow offshore

dip. The gravel platforms are commonRegiorK in the southermegionsof Atlantic 1 Figure 4.1). RegiorK

is characterisetby large fairly extensive waxaut gravel platforms, particularlyrothe inshore side. These are
occasionally interrupted by thick recent gravel bars. Gravel placaine fairly extensive planedefaceous
surfaces associated with ae to very coarse high gravel volumes, dominated by quartzite aneroueitied
sandstone witha high percentage of exotics. The gravel volumes and coarseness generally increase from the
offshore end of the platforms tthe inshoe.

4.1.40utcrops

The outecops were also found to be associated with higlade mineralisationOutcrops are total areas over
which a particular rock unit occurs at the surface. In Atlantic 1 these features are often isolated and small
Figure 4.1Zhows all the outcrop zones mappé&om the Atlantic 1 licence areahile Figure 4.13 shasthe
seismic profile through the outcrop

4.1.6Depressions

Depresonswere observed akww or depressed/hollow pasiof the surface. In Atlantic 1 these can be shallow,
deep, largescale (krmrscale orregioral) or smakhscale. Figure 44 shows the different depression types
mapped in Atlantic 1.

4.1.6Gravel ridges and reflectors

Gravel ridges and reflectoare roughtopographic featuresonsisting of ridges and small troughs/valleys.
Ridges are defined by Kearey, (1996) cited in Mubita (2015) as the outcropping extensions of sandstone
reflectors Figure 4.15hows all the Ridge zones in Atlantic Rigure 4.16 shosthe seismic profile through

the Oridge area.

4.1.7Flat surfaces with minor outcrops:

The majority of the Atlantic 1 area is made up of a large flat area consisting of gravel accumulations, outcrops
and reflectors. These areas are also interrupted by sx;ahallow depressions and raised platforms. Figure

17 showsthe flat surface related areascross Atlantic 1.

4.1.8 Weathered and Cemented Platforms:

Platforms are defined as laterally persistent higimg areas o$ubstrate whichare usually cemented or hard,
but may also be weathered or eroded (Kearey, 1996). The weathered cemented platforms arelacabely
in the northernRegiongOWYV and inshore U) and are associated Wwigih-grademineralisation(Figure 418).

Page36



A

Figure 4.6The morphology and geometry of the prominent features that are associated witkghagle mineralisation
in RegionV. A: The bathymetry map revealing the prominent features and the depressions. B: Seismic sectitireacross

A-B line indicated in thedthymetry map
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