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Abstract
This studyfocused a the mineralogical and geochemichlaracteristics of graphigearing rocks
at Chenjere area by conducting surface geological mapping, geochemical and petrographical
analysewith the intenibn of characterizing the nature of graphite occurrence in these lithological
units This paper premnts results of the flake size, grade and mineralization extension of graphite
in the graphitic gneisgsield observatios, petrographignvestigationand comparison with other
studiesindicatethat graphiteoccurrenceat the Chenjereareais of sedimentaryorigin which
fall under syngenetic typd.he petrographic study revealed that nature of metamorphism of rocks
in the Chenjere area is of high grade (amphibolite facies). Both field obsepaatidpetrographic
studies indicate thamineralsin the rockassociated withgraphite includequartz, feldspar
(mostly K-feldspar) and biotiteFurther,the mineralized zones are concordant to the rest of the
l'ithol ogies of the area and biotite gneiss s
foliation is generally NE striking and dipping SE with the dip amount ranging from 30 to 60
degrees. The graphite mineralizatiah the study areaoccurs as medium to coarse grained
crystalline, flake type graphite with long axis of up to 1000 micrométrasze. Graphite flakes
are disseminated and oriented in the host rbek represents a normal metamorphic fabric
Geochemical results indicate that graphite contents in the host graphitic gneiss ran@eOB8om
wt.% to 16.00 wt.%. Mineralogyandtexture of the graphite at Chenjere area meet the standards
requiredfor industrialapplications irnvariousadvanced technologies.
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Introduction metallic propertiesvith a high meltingpoint of
Graphite is among theommon naturaly  3550°C (Mitchell 1993 Simandl et al. 2015)
occurringsolid allotropes of carbowith weak Graphite can be classified asither naturally
van cer Waak forcesin its hexagonal sheetk  occurring orproduced syntheticalljRobinson
hasperfect cleavageavith highestsofthes and et al. 2017) Natural graphite is formed either
greasy feelingMeunier 2015 Palosaari et al. syngenetically or epigeneticall{Bullock and
2020) It is the most stable form of carbon atMorgan 201%. Syngeneticgraphiteis formed
room temperatureand atmospheric pressureby metamorphism of the preserved organic
(Puronaho 2018)It hasboth noametallic and materials in the sedimentRosingSchowet al.
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2017, while epigenetic is formed bythe Neoproterozoic metamorphic belt(Sunkari
precipitation of carbon from E&-O fluids in and Zango 2018) There are reported
the veins during retrograde metamorphisnoccurences of graphite in the vast
(Bullock and Morgan 2015 Simandl et al. Neoproterozoic Mozambique Mobile Belt
2015) Syngeneticresultsin two categories of (NMMB) of Tanzania stretchingdm North to
graphite namelycrystalline flake graphite and South in the eastern sidé the country(Figure
microcrystalline  or amorphous graphite 1; Fozzard1956 Leger et al. 203). Though
(Mitchell 1993 Wissler 2006 Simand!| et al. there are many occurrences of graplitehe
2015) Vein type or lump graphite ressiffrom country so far there is no significant
epigenetic process (Puronaho 2018) For production of thismineral (Figure 1 Leger et
syngenetic graphitethe crystallinityincreases al. 2015). As an industrial mineral graphite
with metamorphic temperatures, hence theeeds a lot of specificatisnto be met
quality in terms of flake size and crystallinity (Sandmann et al. 2014Hence, studies on its
depends on the grade of metamorphisrmineralogical and geochemical characteristics
(Gautneb and Tveten 2000 Bullock and are vital in establishing its industrial
Morgan 2015) specifications andesourcedevelopment.The
Graphite has numerousnique physical and early studies on graphite occurrences
chemical propertiesuch as high refractory, NMMB and the Chenjere areawere mainly
elasticity, high electrical conductivity, focusedon reportingthe regional occurrence of
compressibilitychemical inertness, ngooison the graphite These studies inadequately
and lubricity (Wissler 2006) These properties defined mineralogical and geochemical
make it nonreplaceable and rare industrialcharacteristics of this mineral occuence
mineral for currently high technologial (Fozzard 1950 eger et al. 203).
applicatons (RosingSchow et al. 2017. Therefore, givenits current economic
According toSimandl et al. (2015)the world potential and worldwide supplgoncers, this
natural graphite production was estimatede study investigatel the mineralogical and
1.17 million tonnes in 2014 with most of it geochemical characteristicsof Chenjere
originating from China (67%), India (15%) andgraphite deposit througbeochemical analysis
Brazil (7%). Though China is the main and petrographic studies
producer in the worldthe eady oxidized
graphite to mine in the neaurface has been Regional Geology
mined out(RosingSchow et al. 2017); as a The Chenjere area is underlain by
result has restricted graphite exportati@amd metamorphic basements with sedimentary and
thus there isgraphitesupply pressurglobaly igneous parentage of the East African Orogen
(SunkariandZango 2018) (EAOQ), also known as the NMMB or Pan
The viable economic world-classdeposits African Mozambique belt of East Africa
of graphite arefrom the two geological (Figure 1 Kroner et al. 2003, Thomas et al.
settings which are either Archean or 2014,Leger et al. 208).
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Figure 1: Distribution of crustal domains in the EACEast African Orogenand graphite
occurrences in Tanzan{aodified after Fritzet al.2013, Thomas et al. 20,14eger et al. 2016
CTB = CongeTanzaniaBangweulu Cratons; ZKC = Zimbabw&alahari Cratons; A = Antogil
Craton; M = Masora Craton; ANS = Arabian Nubian Shield and DZB = Da#Zwmmebezi Belt.

According to Feneyrol et al(2013) the pelitic gneiss, graphitic gneiss and marble,
rocks of he EAO can be divided into four granulite complexes and reworked continental
distinct lithological units:(i) juvenile oceanic crustal materials hosting gemstones and
crust (ophioliteg exclusively found in the graphite deposits found mostly in thanzania,
northern parts Kigure J; (i) island arc Mozambique and Madagascgfigure J; and
magmatic rocks also found in the northern partéiv) late extensive intrusions, mainly granitoids
of the orogeny Kigure J; (iii) metamaphic and anorthositic gabbros mainly in the
rocks with metasediments such as quartzité&Kuungan beltFigure I Thomas et al. 2014).
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In Tanzania, MMB is divided into Western EAO (East African Orogen (Fozzard 1956,
Granulites and Eastern Granulgenostly based Thomas et al. 2014). There are patches or tiny
on their protolitls ages (Thomas et al. 2014,mosaics of some sedimentary rock units of
Leger et al. 203). The western granulites are chocolatecoloured silicified sandstoes or
comprised of older protolith of Meso to conglomerates of Cretaceous age. These are
Neoarcheanwhile the easterngranulites are forming thin layers and dispersed patches over
comprised of Meso to Neoproterozoicthe dominant crystalline sedimentary rock
protoliths. Eastern granulites have inclusion ofinits. Their thickness increases towards eastern
juvenile ithologies while the western parts to the Rondo forest (Fozzard 1956). The
granulites have non®oth western and easternmetasedimentary units include
granulites had the major Neoproterozoiquartzofeldspathic gneiss + garnet and biotite,
tectonethermal overprint ageing around 640graphitic quartzite gneiss + fuchsite and
Ma (Kréner et al. 2003, eger et al. 208). sillimanite, graphitic quartz feldspathic schist +

The MMB, alsoknown as théiPanrAfrican  fuchsite, biotite schist * garnet, amphibolite
Gems or Graphite Beld, is essentially gneiss with + garnet, metdtramafic rock
consistingof medium to higkhgrade gneisses units such as yoxenite and peridotites,
and large granitoid bodies. It extendsquartzites andmarble (Fozzard 1956). The
southwards from the Arabiadubian Shield foliations are mainly striking NE to SW
into southern Ethiopia, Kenya and SomaligFozzard 1956, Thomas et al. 2014). The dip
through Tanzania to Malawi and Mozambigueamount is shallow, moderate and steep with
and also includes Madagascar and Antarcticaither dipping to SE or NW (Fozzard 1956).
continent Figure 1 Dissanayake and Mineral lineatiors are mostly parallel to the
Chandrajith 1999 Kroner and Stern 2005) foliations forming dipslip lineation. However,
These events came up with higlade strike and oblique strikslip lineations had
granulites, gneisseand migmatitic lithologies been reported (Thomas et al. 2014).
dueto deformation and metamorphigikroner
and Stern2005) This belt is characterized lay Methodology
continentcontinent collision in its northern and Geological mapping, sample collectionand
southern part§Jacobs et al. 2008) preparations

Chenjere area occurs within eastern The geological mapping was done
granulites domain with  Neoproterozoic following the traverses that were cresgting
060Easternss6Gr ammplpietse the strikd af the mhain foliation of NEW as
(Thomas etal. 2014). Theeasterndomain is reported by Fozzard (1956) Hence, the
dominantly comprised of granulitegraphite traverses were planned to be-S®/. During
bearing gneisses, marbles, quartzéed schist geological mapping, the main emphasis was on
as well as posbrogenic granites and gemstonethe graphitic lithologies.A total of forty-five
bearing pegmatite€Thomas et al. 2014.eger (45) samples were collected during this

et al. 20%). mapping program andent to the Geological
Survey of Tanzania (GST) Laboratorfor
Local Geology of theStudy Area preparation and analysis.

The study area is mostly covered by thick Nine (9)out of forty-five (45) samplesvere
reddishbrown soil as reported by Fozzardselected for pebgraphic studies. Sample
(1956) in the geological map of QDS 293 withpreparation involved cutting large sample to
a scale of 1:125000. It is predominantlysmaller piecs to fit glass slides usin@ big
composed of crystaline basementbf diamond blade. Rock thin sections were
metasedimentary  rocks, metamorphosedhounted onglass slides used of @m by 25
pyroxenite and peridotite, amphibobteand mm by 45mm dimensionsby using Canada
pegmatite and quartz veins that form part obalsam Then samples were furthecut to
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approximately 1mm thickness The mounted oven the muffle furnace was used to remove
samples were groundusing abrasive materials volatile matters such as sulgdes and
starting with rough abrasives to smooth ottes chlorites that may be contained in the sample
a size of abouBO € m, whi ch i s att8®0éC for eseyenimmed Finally, after
thickness suitable for examination undemweighing the cooled sample heated at 800
optical microscope. In addition, these thin°C, the sample was heated at 900 for
sections were polished for better resultsgnition for four hours. The equation

(Barker 2014). suggested by Heiet al. (2001) (Equation 1)
was used to determine the gragfegraphite
Petrographic investigation in termsof percentages.

The petrographic study was done in GST
laboratory for nine(9) samples whichwere 4 ' #
graphitic gneisses, biotite gneisses and quoartz .
feldspathic gneiss.The optical microscope Wher: 7 ¢ 1t was weight at 80 °C, and
ZeissOptikawas used t@xaminethe prepared W900 was weight at 90TC.

thin sectios. The reflected light (RL) was used

to study graphite as i an opaque mineral and Results _

the transmitted light (TR) for other mineralsThe main findings of tis studyare thegrade
using both plae-polarized light (PPL) and and flake sizeof graphite Other findings

crosspolarized light (XPL) Different minerals include type and nature of graphite
were  identified  with  their  textural Mineralization and its structural trend

characteristics  and microstructures. The SpPecifically in the study areaxtnsion and the
mineral  abbreviations used in thefelationship ofgraphite occurrence withthe
photomicrography ~ followed the standard host and surrounding lithologies aralso
abbreviations proposed Byhitney and Evans presentedThe study area imainly dominated

£ é é é (Equation 1).

(2010). by metasedimentary rocks &AMB. Most of
these rocks are felsiowith a generalNE-SW
Samplepreparation and loss on ignition trend with few exceptions(Figure 2). In some

A total of fortyfive (45) samples were €W places these rocks are intruded
delivered toGST laboratory forloss on ignition ~concordantly by —ultramafic units mainly
(LOI) analysis Out of thesp10 were quality PYroxenites and sporadically peridotit&he
assurance (QA)/quality control (Q@pmples grapl*_ntebeanng lithologies occur in four
Thesesamplesvereanalyzel for totalgraphitic ~Prominent areas namely Mtimbo, Matochi,
carbon grade (TGC) contentand resultsare N9 0 i mbwa arfguréh k apel o
presentedin percentagesThe samples were ] . .
pulverized to 75im through a jaw crusher and Fiéld  observations  and lithological
thenswimming mill machines. The pulverized "lationships . .
samples were weighed by electrical lgtieal Red_son is the main re_gollth observed and
balance with an accuracy of 0.0091to get 1 dominatedthe squtheast side of the st_udy area
g. The analysis of graphite HyOl was manly whereas, alluviumoccurred mostly in- the
entailing sequential heatingind weighing of northeastern parts of thg study area (F_lgure 2).
the samples in the oven and muffle fumaceQuartzofel_dspa_tmc gneisses are forming the
The ignition temperature forgraphite in the toPographic edifices of the ea and these are
GST laboratory manual was 906C. The Mainly located in the central part (Figure 2).
sample was heated in the oven a 2@ for 1hese rocks are foliated with oblique iip
one hour to remove watercontent in the Minerallineation (Figuréa).
sample After weighing the sample frorthe
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Figure 2: The geological map of the study area showing the distribution and the relationship
between graphitic gneiss and other lithological units encountered during mappids Ahe
crosssection line through most of the lithologies and the polar plot showimdadliation trends
predominantly NESW.

The mgor rock-forming minerals inthese garnet Figure 3b). The rock occursin hill
rocks are feldspas, quartz muscovite and flanks and rarely on tops. Amphibolites
biotite, with the latter two occurring in minor encountered in the central part of the area with
amounts These rock units are sometimes limited exposurgFigure 2, are black to grey
associatd with the garnet and sillimanite with hornblende anglagioclasefeldspars as
However, they are chiefly deprived gfaphite the major rockforming minerals whereas
flakes greendiopside occurs as a minor constituent

Biotite gneiss is the second most dominanfFigure 3e) Diopside sometimeshows the
unit in the area forming the fosall and the pity weathering on the rock surface.
hangingwall of the graphitic gneiss (Figure 2). Intrusive rocks in the area ammmonly
This rock is black to greycoloured, strongly ultramafic rocks and pegmatite The
foliated with medium to coarsgrained k ultramafic rocks are divided into two units,
feldspar, plagioclase, muscovite and biotte namely pyroxenite and peridotite. These
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ultramafic intrusives are not mappable buBf). Pegmatites are also too thin torhapped
generally have varying thickness of up to arhey are comprised of very coarse graifisip
metre scale Figure 3. They occur as thin to 20 mmof K-felspar and quartz with minor
bands concordant to the main foliation of NE tcbiotite and rare black tourmaline in some units.
SW with pyroxenite being the most dominantThey crosscut different lithologies commonly
Pyroxenite is composed of very coargained biotite and graphitic gneisses, respectively
(up to 1 cmsized grain) pyroxenes, with (Figure 3b).

distinctive knobblyweathered surfacggigure

: L §¥

Figure 3: Field photographs showing &uartzefeldspathic gneiss outcrop, WBiotite gneiss
crosscut by pegmatite vein, d)hite quartzite, d)Graphitebearingmarbke, e)Amphibolite and f)
Pyroxerite with knobbly weathering.

The typical metasedimentary rocks in thgust in the vicinity of these lithologie@-igure
study area are quartzite and marble. Quartzit®). Few graphe flakes form lineation at the
occurs in the vicinity of graphitigneiss. This outcrop scalewithin marble units but nd
unit occurs mostly in the SW parts of the studexceeding 1vol.% TGC gradebased on the
area juxtaposed to marble and graphitidield observatios (Figure 3d). Graphitic
lithologies (Figure 2and Figure 3¢ Marble gneisses are clustered in four localitiasd
units forma boundary with graphiticinits or  striking concordantlywith the rest of the
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lithologies that are striking NBW (except to oxidesand hydroxides of iron, commonly
few) (Figure 2). The extensiomof graphitic hematiteandlimonite (Figure4). Weathering
gneisses along the strike length are in order @nd alterationmake these rocks soft and
hundred metres to few kilometréBigure 2), easy to break by hands however the
althoughtherearevariatiors of thickness along graphite flakes remained unweathered
the samestrike length. Most of the surface (Figure 4b).

graphitic gneisses are weatheiut/oraltered
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Figure 4: Graphite hand specimeshowing(a) fresh graphitic gneiss arftd) oxidized graphitic
gneiss.

Petrographic results silicate gangue minerals include mainly
Graphitic gneiss quartz, K-feldspar, plagioclase and biotite.
- The colour of graphiteflakesunderboth The graphite flakes occur along the grain
PPL and XPL is black while in the RL is boundary ofthese silicate minerals. They are
yellow to paleyellow (Figure5 throughFigure disseminated in the mineral matrix of the
8). The graphite flakes have lath shape withost rock. Moreover, they are erted to
long and short axi§Figure 6) The flake sizes suboriented in the mineral matrix of the host
of the graphite observed under the opticalock. Quartz crystals are the main
microscoperangedfrom mediumto coarse. constituens in the graphitic gneiss. The
They havethe averagelong axis of 300 um  low-grade graphitic gneisses are comprised
with the maximum length of 1000 pm, of garnet in the mineral matrixrigure7d, e,
whereas, the short axes have the averagendFigure8).

width of 50 pm(Figure 5 to Figure 8). The
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Figure 5: Photofnicrograpi;lof grapHitc gneiss (a and b) showittee distributionof graphite
flakes in the host rock andthe flake orientation. Abbreviations: 2= quartz, Kn
= Kaoline Bt = Biotiteand Gr =Graphite.

| 250 um [P | 250 um 55 : ! ‘

Figure 6: Photomicrograps of graphitic gneissshowingthe distribution of graphiteflakes
and their relationships witlthe silicate minerals. (a)Thin sectionunder PPL;
(b) XPL and (c and d) RL. AbbreviatienQz = Quark, Bt = Biotite, Pl =
Plagioclaseand Gr =Graphite.
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Figure 7: Photomicrograph of graphitic gneiss for medium gradé,(a) and low grad€d, e, f).
Abbreviation: Gt = GarnetandMc = Microcline.

544



