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Abstract

Traditionally,theprincipal gold belts ofGhana havebeen largelygrouped with the greenstone/volcanicbelts

with which theyare associated.TheAshanti belt is one of themain belts associated with gold mineralization in

Ghana and it is over 200 km in length and is characterized by a large number of gold deposits, including both

abandoned and activemines likeAngloGoldAshanti,Golden StarResourcesat Prestea andBogoso andGoldfields

at TarkwaandDamang.TheAshantibelt ismadeup oftwomain rock systems that areassociatedwith themain

gold occurrences in the form of quartz vein and disseminated type gold deposits; gold bearing quartz pebble

conglomerates;alluvialdeposits and oxidedeposits derived from theprimaryoccurrences.

TheAshanti-type of gold occurrence usuallyfeatures complicated quartz vein systems commonlyassociated

withextensivedisseminated sulphides.Thevein systemsalmost invariablyappeartoberelatedtoregionalNNE to

NE trending regionalstructures(tectoniccorridors),whicharetypicallyconcentratedalong themarginsofvarious

Birimian ’greenstone’belts and adjacent metasedimentary basins. Although the N to NE trending ’structural

corridors’maybeofprimeimportance,thereisincreasing evidencetoindicatethatotherstructuresmayhaveplayed

veryimportant roles aswell,and somemayberesponsiblefor thedevelopment ofthereallylargevein deposits.

TherecentexplorationactivitiesintheAshantibelthaveconfirmedagreatvarietyofsettingsinwhichgoldcan

beconcentrated in commercialquantities.Epigeneticvein systems and related disseminated sulphidegold deposits

willcontinuetobeamajorfocusforfutureexploration.Structuralcontrolsfor thesevein systemsappeartobethe

most important featurefrom theexplorationist’s viewpoint but it is nowbelieved that potential source rockswith

anomalousbackgroundlevelsofgoldmayalsobeimportant.Thegeochemistryofdepositionalsitescanbeimportant

in determining whether gold will be sufficientlyconcentrated to be of economic interest. The stockworks in the

Damang areanearTarkwahavealsoopenedupotheropportunities toexplorestockwork typesofgoldmineraliza-

tion in otherpartsoftheAshantibelt.Themuch improved goldpricescouldeventuallylead to renewed interest in

theconsiderableunderground explorationwhichwill also likelytakeplacein thecentraland northern portions of

theAshanti belt whereTarkwaianmetasediments arewidespread and somegold indications areknown.

1, INTRODUCTION

TheAshantibelt isoneofthemainbeltsassociated

withgoldmineralizationinGhana.Althoughmanybelts

in Ghana and the region in general have become very

important, it is pretty evident that the Ashanti belt

dwarfs all others in its natural endowment in gold.

Certainly the Ashanti belt as a whole, including the

adjacentmarginalbasinareas,isaverymajorgoldbelt

that would rank amongst the best in the world. The

southern200＋ kmsectionofthisbelthasproducedover

50millionounces(Griffset al.2002).Almostallthegold

producing mines including the famous AngloGold

Ashanti (formerly Ashanti Goldfield), Goldfields at

TarkwaandDamang,GoldenStarResourcesatPrestea

andBogosoand formerKonongoandDunkwagoldfiels

areall located on theAshanti belt.

TheBirimianrocksoftheAshantibeltareoverlain

bythePaleoproterozoicclasticsedimentaryrocks(i.e.,

Tarkwaian),and both formations were subjected to a

single progressive deformation event, which involved

compression along a southeast-northwest directed axis

(Eisenlohr and Hirdes, 1992;Blenkinsop et al., 1994).

ThegeologicalstructureoftheAshantibelt is that ofa

synform (Eisenlohr, 1989), whereby the Tarkwaian
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rocks occupy the center of the belt and the Birimian

volcanic rocks flank themargins of thebelt.TheTar-

kwaian sediments areconsidered as erosional products

of the volcanic belts deposited in long intramontane

basins (Klemd et al.,1993;Hirdes and Nunoo,1994).

Thegeochemistryofthevolcanicrocks,particular-

lytraceelement signatures oftheAshantibelt point to

a primitive island arc tectonic setting environment for

theBirimianrocks(e.g.,SylvesterandAttoh,1992;Loh

and Hirdes,1996).

The Ashanti-type of gold occurrence usually fea-

tures complicated quartz vein systems commonly as-

sociated with extensive disseminated sulphides. The

vein systems almost invariablyappear to be related to

regional NNE to NE trending regional structures

(tectonic corridors), which are typically concentrated

along themarginsofvariousBirimian‘greenstone’belts

and adjacent metasedimentarybasins.

The gold-bearing quartz-pebble conglomerates of

the Tarkwaian also contribute to the gold production

from the volcanic belt. Studies carried out on gold

mineralization in theAshanti belt have suggested that

the gold-bearing fluids are coevalwith (peak)-greens-

chist-faciesmetamorphism(e.g.MuminandFleet,1995;

Loh and Hirdes, 1996). It has also been indicated that

higher grademineralassemblagesaremostlyrestricted

to thecontact aureolesofthebelt-typegranitoids(e.g.,

Junner,1935;Leubeet al.,1990).

The timing of the extensive hydrothermal activity

associatedwithgoldmineralizationissomewhatcontro-

versial but structural studies and limited agedating of

accessorymineralsingold-bearing veinsindicatethatin

manydeposits,themost important phaseofmineraliza-

tion isrelated to late-stagestructuralfeaturesandmay

be close to 1900 Ma (Yao and Robb, 1998).However,

there may have been earlier stages of mineralization

andcertainlythedevelopment ofgoldmineralization in

theregionisquitereasonablyseenascloselytiedinwith

theorogenichistoryofthePaleoproterozoicunits.

2. GEOLOGICAL SETTING

Rocks ofEarlyProterozoicageoccupylargeparts

of theWest African craton and crop out extensivelyin

Ghana where they are subdivided into the Birimian

Supergroup and the volumetrically subordinate Tar-

kwaian Group. Both were deformed and metamor-

phosed to greenschist facies in the course of the Ebur-

neantectono-thermalevent.TheBirimiancomprisesan

assemblage of sedimentary/volcaniclastic rocks form-

ing sedimentary basins composed mainly of dacitic

volcaniclastics,wackes and argillites which separate a

series ofsubparallel,roughlyequallyspaced,northeast-

erlytrending volcanic belts ofmainlytholeiitic basalts

(basaltic lava flows,mafic dolerites,gabbros,etc)and

minor calc-alkalinerocks(andesites,dacites,rhyolites,

pyroclastites).Birimiansedimentarybasinsshowafair-

ly consistent pattern of facies distribution from the

margins against the volcanic belts towards the basin

centres.A chemicalfaciesisintermittentlydevelopedat

the transition zone between the volcanic belts and the

basins. This facies is the site of much of the gold

mineralization in Ghana (Taylor et al., 1992). Also

developedlocallyat thebasinmarginsisawackefacies,

consisting ofsandstonesrichinlithicfragments,deposit-

edfromturbiditycurrents.Beyondthesemarginalfacies

two rock-types dominate;volcaniclasticsandargillites.

Thereisa gradation from ahigh proportionofvolcani-

clastics near the basin margins to a very low volcani-

clastic content at the centre of the basins. Both the

basinsandthebeltsareintrudedbyextensivegranitoids

ofProterozoic age.TheBirimian rocks are associated

with and overlain bytheclasticTarkwaian formation,

which represent erosional products of the Birimian

(Junner,1940;Kesse,1985;Leube et al., 1990;Davis et

al., 1994), and are located exclusively within the vol-

canicbelts.Tarkwaian sedimentsconsist ofconglomer-

ates, quartzites, arkosic rocks and minor phyllites.

These lithological units represent facies with notable

verticaland lateralvariability(Sestini,1973;Leubeand

Hirdes,1986).Theclastic sediments of theTarkwaian

have been described by Sestini (1973) as alluvial fan

deposits with braided stream channel patterns; these

fans supposedly formed in elongated intramontane

basins.

TheProterozoicgranitoidscanbegroupedintofour

main types namelyWinneba,CapeCoast,Dixcove and

Bongo granitoids(Junner,1940;Kesse,1985);thelatter

three have been termed “basin”, “belt”and “K-rich”

granitoidsbyLeubeet al.(1990).TheCapeCoast-and

Winneba-type granitoids are emplaced within the Bir-

imian sedimentary basins, while the Dixcove- and

Bongo-typegranitoids intrude thevolcanicbelts.

TheBirimian supracrustalrocksand,with aminor

exception, the granitoids in Ghana, represent juvenile

crustal additions with Sm/Nd model ages of 2.0 to 2.3

Ga(Tayloret al.,1988).Recent field and isotopework

suggests that the Birimian volcanic belts and sedimen-
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tarybasins formed contemporaneouslyas lateralfacies

equivalents (Taylor et al.,1988;Leubeet al.,1990).

Traditionally,theLowerProterozoicinGhanawas

interpretedtohaveundergonetwodeformationalevents

(Junner,1940).However,newstructuraldatashowthat

the Birimian Supergroup and the Tarkwaian Group

weredeformed jointlyin a single progressive deforma-

tion event (Eisenlohr and Hirdes, 1992). This event

involvedinitiallyaregionalpenetrativelow-strainphase

and subsequently the formation of spatially restricted

high-strain zones.

［STRUCTURAL FEATURES］

Mostoftheearlyworkersrecognizedthefavourable

structural settings,particularlyalong thenorthwestern

marginoftheAshantibeltwheremostofthemajorlode

deposits are located. While the entire, over 200km

western margin may, in general, be prospective, there

certainly are sections, which appear to be far more

prospectivethanothers.Thesesectionsappeartocorre-

late with specific structures and, along the western

margin,thethreemostimportantstructuresoccurinthe

areasofPrestea-Bogosu,Obuasi,andKonongo;eachcan

generally be traced along strike for 30-80 kilometres

(Griffs et al.,2002).

Although the N to NE trending ’structural corri-

dors’maybe of prime importance, there is increasing

evidence to indicate that other structures may have

played a veryimportant roleaswell,and somemaybe

responsiblefor thedevelopment ofthereallylargevein

deposits (Griffs et al., 2002). The existence of cross-

cutting structureswasknown toearlyworkers in some

ofthemining districts but their fullextent and therole

theymayhaveplayed in the localizing ofvein deposits

was not and is still not well understood.According to

Cozens (1991),all theprincipal gold deposits,Birimian

and Tarkwaian, are located above the intersection of

twoormoremajortrendsofthestructuralfabric.While

onemaytakeissueontheorientationofsomeofCozens’

proposedstructuralcorridorsandtheirorigin,therecan

be little argument that major crosscutting structural

featuresarepresent throughout southernGhana.Thisis

clearlyevidentinsatelliteimagery,regionaltopographic

patterns and,to somedegree,in regional airborne geo-

physicaldata.

Themajor crosscutting features include for exam-

ple,an ENE series offeatures that cut right across the

AshantiBelt;oneofthesemaycause theabrupt jog in

the western margin of the belt immediately north of

Obuasi. A similar feature appears to cut across the

entirebelt justnorthofBogosuandthereisasuggestion

ofseveral lesswelldefined features ofa similarnature

along thesouthern sector of theAshanti Belt,south of

theTarkwa district.

There are also several indications of major N-S

(＋/-15°) structural features, which are particularly

prominent in the topographic patterns (Griffis, 1998)

and to a lesser degree in theairbornegeophysicaldata

(magnetic,radiometric).Noteworthyfeaturesincludea

series of possibly coalescing structures in the central

and eastern parts ofthesouthern sector oftheAshanti

Belt.At least oneofthesefeatures cuts across thebelt

andappearstobetraceablefromthecoastalareaasfar

north asObuasi.

There is also a veryprominent N-S linear feature

more or less along thewestern margin of the Ashanti

BeltsouthofPresteaandextending totheAximareaon

thecoast.North ofPrestea, this linear feature (Anko-

bra Lineament) appears to follow the course of the

Ankobraandwitha littleimagination,it couldbeinter-

preted to veer offslightlyto thewest andpass through

the Bibiani district. One may speculate on whether

faults, other than those in the established ’structural

corridors’on themargins ofthebelts and basins really

do play a fundamental role.One cannot help but note

that thereseemstobeaconvergenceofseveralfaultsin

theObuasi areas (Griffs et al.,2002).These include:

＊themain NE trending structural feature;

＊theENEfeaturealong theNEmarginofthebelt,

whichappears tocut throughthemainbelt inthe

direction ofObuasi,and

＊an approximate N-S structure extending from

thecoastal area right across thebelt that seems

to end just north ofObuasi.

There are very few detailed structural studies on

most of themain lodedeposits and it is thereforediffi

culttoclearlyrelateanyofthemajormegascopiccross-

cutting structures to specific features that may have

played an important role in localizing gold mineraliza-

tion.TheworkbyBlenkinsopetal.(1994)ontheObuasi

depositsconcluded that allofthegoldmineralization is

structurally controlled. Gold-bearing veins are within

shearzones(NEstructuralcorridors)anddisseminated

sulphidesarecloselyrelated to thesameshearsystems.

The veins and shear systems are interpreted to have

formed inanextendedstressenvironmentwithshorten-

ing in a sub-horizontalNW-SEdirectionandextension

along a sub-vertical axis;high fluid pressures played a
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very important role in the development of veins and

shears.Early shears were buckled and folded by later

movement and manyof themain ore shoots plunge to

theNE along thehinges offolds,which havea similar

orientation to theregional folding pattern.

Thesupposedimportantroleplayedbycrosscutting

structuresoftencomesfromobservationsofmesoscopic

featuresat thedeposit level.Thismayincludecrosscut-

ting mineralized veins or lineaments at sharp angles to

the prevailing symmetry of the mineralized body or

structure.Thiscouldsuggest a link withsomecrosscut-

ting featurebut correlation with an identified regional

oreven localizedfeaturemaybedifficult andadetailed

structural analysis could very well rationalize these

apparent anomalous features within the existing struc-

tural regime (Griffs et al., 2002). What is clearly

requiredismoredetailedstructuralanalysisatallofthe

major lode deposits to better understand the existing

structural controls and correlation with regional fea-

tures.

The importanceof some late-stage, largelybrittle

structuresofregionalextentmaybewellexemplifiedby

the Damang quartz-stockwork system. Certainly the

deposit appears to correlate very well with an N-S

regional fault system (Damang fault) and the under-

lying Tarkwaianunitsincludeburiedbanketconglomer-

atethatcouldhaveprovidedanexcellentsourceofgold,

which was remobilized into nearby structures by

hydrothermal fluids. If this model is plausible, then it

would seem that a structure of a similar vintage and

character cutting across the ‘structural corridor’at

Obuasiwould createaveryfavourableenvironment for

late-stagegoldmineralization remobilized from nearby

sources. It was noted earlier that the intensely tecton-

ized structural corridor in the Prestea-Bogosu area

eithernarrowsor is truncated to thenorth and that the

long stretch (approximately 40km) between Dunkwa

and theBogosuconcessionhasafarlessprominentNE

trending ‘structuralcorridor’andsubstantiallylessgold

mineralization. Despite perhaps the less prospective

natureofthis sector,therehavenevertheless been sev-

eralimportantdiscoveriesofmodestsizeinrecentyears

anditgenerallyappearsthatthenewdiscoveriesmaybe

largely localized at intersections between NE trending

structures and crosscutting features.The potential sig-

nificanceofcrosscutting structureshasbeenhighlighted

mainlyas a result of the availabilityof satellite imag-

ery, detailed digital topographic data, and airborne

geophysical data. This new data clearly identifies an

abundance of structural features not fully recognized

and appreciated in the past. Earnest advocates of the

importance of intersecting structural lineaments have

had a field dayspeculating on and explaining thepres-

ence of major gold districts based on the perceived

importanceofspecificstructuralfeatures.Someofthese

structures are quite real while others may be half

imagined or at least their importance over estimated.

While some of these models show a good correlation

with someofthemining districts,theyalso identifyan

enormous number of potentially interesting structural

intersectionswith,at least as yet,nomajor indications

ofassociated goldmineralization.

Thelink betweensomemajorcrosscutting regional

structures and macroscopic features within majormin-

ing districtsremainsquiteelusiveandconfirmstheneed

for manymore detailed structural studies. Intuitively,

this possible link seems important from an exploration

viewpointandasuccessfulresolutionofthechallengeto

identifythecritical structural controls could havevery

significant implications to future exploration in the

region.

3. GOLD MINERALIZATION

Traditionally, the principal gold belts of Ghana

havebeen largelygroupedwiththegreenstone/volcanic

belts with which they are associated. Thus, the main

beltswill includefrom theSE to theNW (Fig.1)

1.Kibi-Winneba

2.Ashanti

3.Asankrangwa

4.Sefwi

5.Bui

6.Bole-Navrongo

Thevariousgoldbeltshavebecomeveryimportant,

it is pretty evident that the Ashanti Belt dwarfs all

others in its natural endowment in gold. The Ashanti

Belt as a whole, including the adjacent marginal basin

areas,isaverymajorgoldbeltthatwouldrankamongst

thebest in theworld.

Although Tarkwaian metasediments are wide-

spread throughout theAshanti Belt, the onlyproducer

outsidetheTarkwadistrictwasatNtronang in theNE

corner of thebelt. In the 1930s,an underground opera-

tionwasstartedup latein thedecadeandpeak produc-

tion of300 tpd was achieved in 1939 (Peters 1993)but

only about 17,000 ozs were recovered. Although very

similar in geology to the Tarkwa district, recovered
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Fig.1 Geologicmap ofsouthwest Ghana showing Birimian,Tarkwaian and distribution ofgranitoid types.
(Eisenlohr,B.N.andHirdes,W.,1992)
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gradesatNtronangwereonlyabout0.15ozs/tonandthe

operationwas unprofitableand short-lived.

Themain types of gold occurring in the Birimian

andTarkwaianrock systemsoftheAshantibeltare;the

quartz vein and disseminated type gold deposits;gold

bearing quartz pebble conglomerates;alluvial deposits

and oxide deposits derived from the primary occur-

rences.

3-1. BIRIMIAN GOLD MINERALIZATION

On a regional scale, the vast majority of the Bir-

imiangolddepositsoccuralignedalong theflanksofthe

volcanic belts. To a considerably lesser extent, gold

deposits are present within volcanic belts where they

sometimes show a spatial association with belt-type

granitoid intrusions. Birimian gold deposits in Ghana

are not evenly distributed in number or size. A high

percentageofallgoldoccurrencesandalmost allofthe

major gold mines,abandoned or working,occur in the

area of the Kumasi basin in southwest Ghana, i.e. are

concentrated either along the northwest flank of the

Ashanti belt or thesoutheast flank oftheSefwibelt.

To date no banded iron-formations (BIFs) have

been detected in the Birimian ofGhana,whereas BIFs

are generally widespread in Archean and Proterozoic

greenstone terranes.In theBirimian ofGhana,manga-

nese has completely taken over the role of iron, and

laterally extensive Mn-rich sediments are characteris-

tic.This Birimian-typeMn-Au association is not only

restrictedtotheWestAfricancraton,butmayextendto

theoriginallyconnected Guyana,from wherea compa-

rable Mn-Au association has been reported in similar

rocks of early Proterozoic age (Choubert, 1974). In

addition tomanganeseand goldoccurrences,thetransi-

tional zones along the flanks of the volcanic belts are

characterized by the presence of other chemical sedi-

ments,namelysulphides,cherts,Fe-Ca-Mg carbonates,

and rocks rich in carbon (Ntiamoah-Agyakwa, 1979;

LeubeandHirdes,1986).Thischemicalfaciesprobably

constitutes the most important favourable regional

exploration guide for gold deposits in the Birimian of

Ghana.The’corridors’characterized bychemical sedi-

ments (and thus prospective for gold)mayattain sev-

eral hundred kilometres in length;their width is in the

range of a few kilometres. The chemical sediments

occurintermittentlyandaresuperimposedonandinter-

calatedwithmetavolcanics,aswellasmetavolcaniclas-

ticsandminorphyllites. ItseemsthatintheBirimianof

Ghana,structureisofimportanceasa localorecontrol

(i.e. on themine scale),whereas lithofacies (chemical

sediments) controls gold regionally and to a lesser

degree locally.

Two types of Birimian auriferous orebodies as

distinguishedbyLeubeet al.(1990)are:thedisseminat-

ed-sulphide type (DST) and the quartz vein type

(QVT).TheQVT isalwaysstructurallycontrolled.The

DST occurs as two subtypes:(1)lithofacies controlled,

i.e., bound to chemical sediments; (2) structurally

controlled,i.e.,bound to theselvages ofquartz veins.In

general,QVT gold ores carrybetter grades than those

oftheDST.Thequartzorebodiesarecloselyassociated

withdeep-seatedandlaterallypersistentgraphiticshear

zones. Smoky, blackish vein quartz, containing car-

bonaceous matter, generally reveals higher gold con-

tents thanwhiteor clear quartz varieties.Thesulphide

typemineralization either forms envelopes,up to some

metreswide,around thequartz veins,or form lenses in

foliated and veined sedimentaryor less commonlyvol-

canic rocks (Oberthur et al., 1991).Major differences

between DST ores and QVT oreswith respect to their

oremineralogyare:QVT orescontainvisible’freegold’,

whereasDST orescarrygoldlargelyassubmicroscopic

inclusions in sulphide. In QVT ores,sulphides occur in

orders ofmagnitudeless than in DST ores:ifsulphides

are present in QVT ores, the base metal minerals,

particularlygalena,playamoreimportant rolethan in

DST ores. With regard to the lithofacies-controlled

subtype of the DST ores, the good correlation of Au

with K and As,similar to theQVT,could suggest that

partoftheAuprecipitationmechanismswerenotfunda-

mentallydifferent from thoseofvein deposits, i.e.des-

tabilization of Au-S complexes through sericitization

andresulting pH increase,probablyafterfluiddischarge

on theseafloor.

Veinandlodetypedepositsarecommonlyfound(i)

in the vicinityof the boundaries between the Birimian

metasediments and metavolcanic rocks; (ii) where

BirimiangreenstonesareintrudedbyDixcovegraniteor

porphyry;(iii)whereBirimian greenstones arein close

proximity to manganese deposits;and (iv)where the

Birimianmetasediment isintrudedbyDixcovegranites.

In general, the basin-type granite and themore highly

metamorphosed Birimian rocks do not contain gold

deposits.

Areasofsmokyandbluish-greymineralisedquartz,

containing partings,streaks and fragmentsofthealter-

edwall rocks aremorefavourablefor goldmineraliza-

tionthanareaswherewhiteandglassyquartzarefound.

東海大学紀要海洋学部「海―自然と文化」

Jerry,S.Kuma,Yong UiKim,DanielBoamah and Izumi Sakamoto



Fig.2 Cross-section showing themajar structures at theObuasi,fromAshantiGold Fields.
(Griffis,R.J.,et al,Minerals Commission,2002)
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Arsenopyriteneedlesandgalenaareusuallygoodindica-

tors of gold but the gold is associated with pyrite or

tourmalinewith littleornoarsenopyrite.Goldfrequent-

lyoccurs in fractures in sheared and shattered quartz

reefs, commonly as elongated flat bodies of irregular

shape and thickness that lie along and within shear

zones.Hard,whitequartz,freefromsulphidesandinclu-

sions ofwall rocks, is usuallybarren or contains very

little gold.

In recent years, mineralized country rocks of the

Birimian, consisting of tuffaceous phyllites within the

greenstone series have been found to be an important

sourceofsulphideores.Thesetuffs,whichcanbeup to

30 metres or more in width and range from a few

thousandmetres tomanythousands ofmetres in strike

length,carrydisseminatedandthinstringsofpyriteand

arsenopyritewith small amounts of free gold.At Pres-

tea and Obuasi (Fig.2, Photo1), these sulphide ores

form a major part of the ore which are treated. Gold

values in sulphideconcentrates rangefrom 23to 40gm

per tonne.

3-2. TARKWAIAN GOLD MINERALIZATION

［Paleoplacer］

The banket conglomerates of the Tarkwa district

havenowproducedabout10millionozsofgoldoverthe

past 100 years and although the last remaining under-

ground mine closed in 1999 (Griff et al., 2002), the

district nowhas verysubstantial open-pit gold produc-

tion and the regional resource potential is excellent

(Fig.3, Photo2). The auriferous quartz-pebble con-

glomerates occur within the Tarkwaian System. The

Banket Formation, overlying the Kawere, is economi-

cally the most important member of the Tarkwaian

Systemasitcontainstheauriferousconglomerates.The

gold is mostly concentrated in the basal 20cm of the

lowermosthorizonandthehighestcontentsareassociat-

ed with well-sorted and well-packed hematite-rich

conglomerateswhich occur in the thinner horizons and

these,where enriched with hematite, contain the most

gold.

Thegoldisveryfinegrainedandfree,averaging 40-

60 microns in size. The intercalated quartzites also

containdetritalhematiteandgold.Paystreakstakethe

form of lenses of better-developed and better-sorted

conglomerate up to 150m wide and 1000m in depth,

orientatedalong thedirectionofthepalaeoflow.Visible

gold is rarely seen although it was apparently not un-

common in someoftheverythin (less than 50cm),but

high-grade conglomerates now mined out in selected

areas on theeastern limb oftheTarkwa syncline.The

relative abundance of ‘black sands’is usually a good

Photo.1 TheAuriferousQuartz vein in theAshantimine,500m depth shaft.
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Fig.3 Geologicalmap oftheTarkwa district.(Griffis,R.J.,et al,Minerals Commission,2002)
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indicator of favourable gold values. Various

sedimentological studies (Sestini, 1976 and Strogen,

1991)clearlycorrelate gold distribution with sedimen-

taryfeatures similar to patterns seen in manymodern

dayplacersandthehigh-gradeoreshootsarebelievedto

result from extensivereworking ofconglomerates.

The banket conglomerates are similar to those of

the great Witwatersrand and the banket reefs of the

Transvaal,SouthAfrica.Gold values in thesereefsare

lowranging from 3g to 14g pertonnewithanaverage

ofnot more than 6g per tonne.

［Vein System］

SincethediscoveryoftheDamang quartzstockwor-

ks system deposit hosted in the Tarkwaian units, this

typeofoccurrencehas been the target of considerable

exploration effort.It has also becomeveryapparent in

recent years that someoftheoldmining districtsalong

the western margin of the Ashanti belt also contain

mineralized quartz veins hosted in Tarkwaian units.

Thesearecloselyassociated with themajor structures

that have concentrated gold mineralization in nearby

Birimian metasediments and volcanics. This certainly

appears to be the case in the Prestea-Bogosu district

where theTarkwaian contact is highlytectonized and,

in places,broadmineralizedquartz stockwork andvein

systems have been developed. A similar situation is

evident in theKonongodistrictwheretheBirimianand

Tarkwaian units are intensely tectonized and there is

some evidence of mineralized vein structures in the

Tarkwaian metasediments.Work to date suggests the

vein systems in general, are relatively low grade but

they may be quite wide (20-50m) and, in the right

circumstances, could be developed over considerable

strike-length and therebyforming quitelargepotential

resourcesoffuturepossibleinterest.Theepigeneticgold

mineralization at Damang is a classicexampleoflate-

stagehydrothermalactivityassociatedwith a complex

structuralplumbing systemcreatedbymovementsalong

a regional fault system.

［Origin of gold in theconglomerates］

Evidencefavoursthesourceofthegoldasbeing the

BirimianschistswhichliebelowtheTarkwaianSystem.

Theconglomeratesaretheproductsofa fluvialsystem

in which low-sinuosity, high-energy, shallow- depth,

braided streamswereoperative.Extensivestudieshave

produced evidence that verystronglysupports a placer

originforthegoldfoundintheTarkwaianconglomerates.

The sites of heavy mineral concentrations point to a

syngenetic origin for the mineralization. Much of the

finegrainedgoldwasdepositedbeyondthemidfanarea,

Photo.2 TheOpen pit mining in theTarkwaMine.
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inazonewherethedevelopmentsofmineralized,braided-

stream-channelconglomerateswerepredominant.

It has also been recognized that the vein systems

along the western margin of the Ashanti belt are as-

sociatedwithcomplex structures,whichmayhavebeen

reactivatedoveraconsiderableperiodoftime.Although

themost important phases ofmineralization maypost-

date the Tarkwaian sediments, there may have been

earlier phases of gold mineralization,which may pre-

date or were synchronous with Tarkwaian sedimenta-

tion.The conclusion is that the productive Tarkwaian

paleoplacers had source areas with gold-bearing vein

systems oftheAshanti-type(Klemd et al.,1996).

Manyofthelater stagesofgoldmineralizationare

associatedwithmajor fault systems that penetrated to

deep crustal levels and these faults may have tapped

magmatic fluids with unusual compositions similar to

thehigh CO＋N .

3-3. ALLUVIAL GOLD

The vast majority of historical gold production

from Ghana prior to the 20th century came from a

myriad ofsmallstreamsand riversdraining areaswith

underlying oxideandprimarygolddeposits.Inaddition,

severalofthemajor rivers(Pra,Tano,Ankobra,Ofin)

havebeenminedwithdredgesstarting intheearly1900s

andmorerecently,largealluvialoperationswerestart-

ed up on rivers in severaldistricts.

The margins of the existing main river valley of

Ankobra for example contain significant alluvial gold

occurrences in gravels that are6-10m thick underlying

barrenoverburdenthat isusuallyat least,ifnot slightly

more thick than the gravels. The main valley gravels

are relatively low grade (0.1-0.2 g/m) but contain

higher grade sections and extensive terrace deposits

along themargins ofthevalleyalso contain significant

gold-bearing gravels.

Alluvial gold occurs in gravels of streams, river

flats,old valleys and on terraces and in beach gravels

and sand. They are derived mainly from the primary

veinandlode-typedepositsassociatedwiththeBirimian

System.Theseprimarydepositshavebeenthesubjectof

severalcycles oferosion and deposition and,withwide

areasdrainedbythesameriversystems;it is inevitable

that alluvialgoldtracesshouldbewidespreadinGhana.

The alluvial gold is also accompanied by Platinum

group metals, cassiterite, chromite, magnetite, dia-

monds,garnets,and other precious stones.

3-4. OXIDE AND LATERITE OCCURRENCES

Virtuallyalloftheprimary(andpaleoplacer)gold

deposits in Ghana have been intensely weathered to

produce oxide caps.These oxide cappings (also called

saprolite)havebeenamajortargetforexplorationover

thepast 15years becausetheyareusuallyamenableto

inexpensive surface mining and treatment schemes.

Oxidedepositsaregradationalwithunderlying primary

mineralization and the extent of oxidation is usually

dependent on theclimaticand geomorphological condi-

tions.Oxidecaps on thecrest or flanks ofhillsmaybe

50-100m thick whereas oxidized zones in low-lying

valleysmaybelessthan5mthick.Thelateralextentof

oxidezones,in most cases,is largelycontrolled bythe

geometryandnatureoftheunderlying primarymineral-

izationandbytheextent ofthein-situweathering.It is

not generallytypical ofmost of theoxide zones in the

tropical climatic conditions of southern Ghana to

develop pronouncedmushroom-shaped verticalprofiles

andmost oftheoxidezones areonlymarginallylarger

than the underlying primary zones of gold mineraliza-

tion. It also generally appears that the overall grades

withintheoxidezonesaresimilartounderlying primary

mineralizationandthatsupergeneenrichmentwithinthe

oxidezonedoesnot appeartohavebeenveryextensive

although there may be important exceptions to this

general trend.Within theoxidezones,thegold appears

toberelativelyevenlydistributedinaveryfine-grained

form,which iseasilyrecoveredbycyanidationeitherin

conventionalmilling systems or byheap leaching.

Theeffectsofoxidationandnear-surfaceweather-

ing have had a particularly beneficial effect on those

deposits with extensive disseminated sulphides in the

primaryzone and where a high proportion of the gold

wasoriginallycontainedwithinthesulphidegrains.The

liberationofgoldfromthesulphideshasrenderedmany

oftheoxidecapssuitableformining whereastheunder-

lying primary zones may be too low grade to justify

moreexpensiverefractoryrecoverysystems.Ofcourse,

thephysicaleffects resulting from theweathering have

also resulted in manybenefits such as softer ores that

require minimum blasting as well as substantially

increasing thepermeabilityofthehostrocks,whichmay

permitverylow-costheap-leachmethodstorecoverthe

gold.Thesebeneficialeffectsarenotjustconfinedtothe

mineralizedveinsystemsandaccompanying disseminat-

edsulphidesinBirimianunitsandbeltsintrusives.They

have also had substantial benefits in the near-surface

exposures of the Tarkwaian paleoplacers because the
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hostrocks are softer and have a higher permeability,

whichpermitsveryeffectiveheap leaching ofrelatively

low-grademineralization.

The lack of a near-surface mushroom effect in

most of the oxide resources of southern Ghana may

result fromthefact thatmostoftheseoccurrenceshave

truncatedweathering profileswith theremovalofover-

lying lateritic and shallow saprolitic zones ofweather-

ing.Where laterites are preserved,a lateral dispersion

of gold is often quite pronounced and is generally

manifest in much broader geochemical soil anomalies

and somegold enrichment in the near surface environ-

ment.Where laterites overlie oxide and primary gold

mineralization, it is not uncommon to see some deple-

tion in the uppermost mottled saprolite zone so that

shallowtrencheswithin themottledsaprolitemayyield

gold values that are not representative of underlying

mineralization. The southern part of the Ashanti Belt

featuresmanyareaswith thin but widespread laterites

so that high-gradetrench results in theseareashaveto

be carefully assessed. It should also be noted that in

some areas (i.e.,part of the Yamfo-Kenyase district),

there is iron-lateritecrust (duricrust),which has quite

lowbackground levels ofgold aboveburiedmineraliza-

tion.Thereappear to befewexamples inGhanawhere

goldinlateriteshavebeendevelopedonalargescalebut

certainly it appears that a considerable amount of

artisanalmining hasinvolvedwashing oflateriticmate-

rial for gold. Some of the early exploration efforts

during the recent exploration boom were targeting

possiblebauxitetargets similar to theBoddington-type

ofWestern Australia.

It is also quite clear that lateritic cappings over-

lying oxide and primary gold deposits in some of the

majormining districtswereenriched in gold.This was

evidentintheearlydays(1937-41)ofopen-pitmining at

Bogosu where several of the major pits had lateritic

caps carrying considerable gold. In addition, recent

exploration in the Kanyankaw area south of Tarkwa

has confirmed substantialgold in theiron laterites that

cap thehillsofthisareaandwhichhavebeenminedon

an artisanalbasis for generations.

Onecanalso reasonablyconcludethat at onestage

it is highly likely that theremayhave been numerous

Boddington-type laterite gold occurrences in many

areasofsouthernGhana.Theremnantdepositscapping

manyofthehighest ranges in southern Ghana indicate

that bauxite and iron laterite deposits were probably

verywidespread throughout southernGhana in earlyto

middleTertiarytimes.

4. CONCLUSIONS

Ghana’s endowment in gold remains veryconsider-

able and future exploration work in the country espe-

cially in the Ashanti Belt, including the adjacent mar-

ginal basin areas, will almost certainly result in new

discoveries and newmines.

AllthemaintypesofgoldmineralizationsofGhana

arefoundintheAshantibelt.Thesearethequartz-vein

type,thedisseminatedsulphidetype,placertypegoldin

theconglomerate in theTarkwaian,the oxide ore and

the alluvial deposits. Almost all the gold producing

mines and thepast mining activities haveconcentrated

on theAshantibelt becauseofitsenormousgoldpoten-

tial.Therearevarious structural corridors that favour

gold mineralization. The stockworks in the Damang

area near Tarkwa have also opened up other opportu-

nitiestoexplorestockwork typesofgoldmineralization

in other parts of theAshanti belt.Almost all theaban-

donedminesandcollapsedminescouldbeexploredand

currently there are a lot of gold exploration activities

going on in theentireAshanti belt from near Axim in

thecoast tobeyondKonongoandNkawkaw,adistance

ofover 200km length.

TherecentexplorationactivitiesintheAshantibelt

haveconfirmedagreatvarietyofsettingsinwhichgold

can be concentrated in commercial quantities.

Epigenetic vein systems and related disseminated sul-

phidegolddepositswillcontinuetobeamajorfocusfor

future exploration. Structural controls for these vein

systems appear to be themost important feature from

theexplorationist’sviewpointbut it isnowbelievedthat

potential source rocks with anomalous background

levels of gold may be an important issue. The geo-

chemistry of depositional sites can be important in

determining whether gold will be sufficiently concen-

trated to beofeconomic interest.

TheTarkwaian paleoplacer open-pit deposits will

continue to be mined on a very large scale for many

years.Themuch improved gold pricescould eventually

leadtorenewedinterestintheconsiderableunderground

exploration which will also likely take place in the

centralandnorthernportionsoftheAshantibeltwhere

Tarkwaian metasediments are widespread and some

gold indications areknown (Kim,et al.,2010).

It isstillbelieved that themost favourableenviron-

ments for large mineralized vein systems are located
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along the margins of belts and basins. These margins

arewherestructuralactivityhasbeenconcentratedand

where chemical and volcaniclastic facies of Birimian

sediments providea good sourceofgold.During major

hydrothermalevents,the anomalous gold in the source

rocks is remobilized into nearbydepositionalsites.It is

therefore likely that future exploration work will con-

tinueto scour thesefavourablesettings.Althoughmost

ofthewesternmarginoftheAshantibelt hasnowbeen

fairlywellprospectedatsurface,theeasternmarginhas

onlyreceivedlimitedattentioninrecentyears.Eventhe

well-established districts in the Ashanti belt, such as

Obuasi,Prestea-Bogosu,Akropong-AyanfuriandKonongo,

still haveveryconsiderable potential for the discovery

of significant buried gold deposits. The discovery of

thesewill,however,provechallenging and expensive.

Theriver systems ofsouthern Ghanawillcontinue

to be important to the small-scale mining industry

because of the employment and revenue it provides to

manyruralcommunities.With quite a rapidlygrowing

population, future improvements in gold prices will

likely result in extensive small-scale mining in many

parts of thecountry.Some of the larger rivers (Tano,

Ankobra,Ofin,Pra,andBirim)haveconsiderableknown

alluvial gold resources (Photo3), some ofwhich were

dredgedinthepast.Thesedepositsmaybefutureexplo-

ration targets ifgold prices continue to improveand if

newmethods of low-cost mining of these occurrences

can be developed.Some of themain tributaries to the

abovemajor rivers will also attract attention and per-

haps be modeled after the large Bonte alluvial opera-

tions in theManso Nkwanta district.Thepotentialfor

offshoreconcentrationsofgoldisintriguing andcertain-

lyverylarge amounts of alluvial gold must have been

deposited into the offshore environment. Despite the

obvious problems and costs involved with offshore

mining,thiswarrants systematic testing.
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要 旨

アフリカ、ガーナ共和国、アシャンテ褶曲帯における金鉱床のポテンシャル

アシャンテ褶曲帯は，原生代のグリーン・ストンベルトに属し，NE-SW 方向に，約200kmの規模で発達する．500

年前から開発された金山ベルトであり，現在もアングロ・アシャンテ鉱山，ゴールド・フィールド鉱山など，多くの鉱山

が稼働している．鉱床の産状は，含金石英脈として形成する1次鉱床（primarily gold）および礫岩などに形成する2次

鉱床（secondarygold）に区分される．前者の鉱床として知られているのがオブアシに鉱山があるアングロ・アシャンン

テ鉱山である．150年の歴史を示し，産出額1800tを越える．後者の鉱山として知られているのがタクアに鉱山があるゴ

ールド・フィールド鉱山である．最近オ－プン・ピット工法により，毎年30トンの産出額を報告している．
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