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The Moyale graphite deposit, southern Ethiopia
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Precambr ian metamorphic rocks of sout hern Et hiopia, belonging to t he Pan-Afr ican (Mozambique Belt). host th e
Moyale graphite dep osit . The principal rock units are amphibole schists, quartz-feldspar-mica schists, granod iorites,
quartzitesand graphite schists. Graphite-bearing unitsare hosted by quartzitesand quartz-feldspar-mica schists and
generally form cont inuous bod ies extending for hundreds of metres. A Regional variatio n in grade and flake size of
the grap hite is noted. From its lateral exten t and mode of occurrence, t he graphite is believed to be sedimentary in
orig in. Accord ing to image analysis, the average volume percentage of graphite is 7.9%; the ave rage leng th s of the
shortest and longe st axes of the graph ite grains are 155 and 407 IJm, respectively. Stat istical analyses indicate that
about 60% of graphite grains have their long est axes between 100 and 300 IJm, the remaining 40% falling in the >300
IJm size fracti on. Preliminary flot atio n tri als to concent rate th e grap hites in the <400 IJm fractio n resulted in a
concentrate grade of 71 % with a recover y in excessof 90%.
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Introduction
Graphite occurs in most of the metamorphic rocks of Ethio
pia. Some of the known occurrences (e.g. th e Kibre Mengist
area) are character ised by very fine flakes and contain sul
phide minerals. Vein type graphite deposits have not so far
been repor ted in Ethiopia. The present study concerns
graphite from the Moya le area, located 750 km sout h of
Addis Ababa, on the Kenyan border (Fig. 1). The graphite
occurre nce is about 6 km west of Moyale town. Invest igat ions
of th e Moyale graphite have comprised mapping th e graph 
ite body by geo logical and geoph ysical method s, analysis of
th e graph ite carbon conten t, and determ ination of the size
and texture of the graphite grain s. Preliminary effor ts have
also been made to concentrate the graphite by flo tation
tech niques.

Geological setting
The northeastern branch of the Mozamb ique Belt, a major
Proterozoic structura l and metamorphic unit of East Africa,
exte nds from Kenya through Ethiopia and th e horn of Africa
into southern Arabia (Warden & Horke 1984). In th e Mozam
biqu e Belt of southern Eth iopi a, three majo r divisions (Lower,
Midd le and Upper Comple xes) have been diffe rent iated by
characteristic contrasts in lithology, metamorphism and
structural style (Kazmin et al. 1978). Metasedimentary rocks
(graphit ic phyllites, biotite schists and metacalcareous rocks)
in th e Ado la area form the uppermost unit of th e Upper Com
plex of south ern Ethiopia. On the basis of this scheme, th e
rocks of the Moyale region are correlated w ith the lower part
of the Upper Comple x, and are probably Neoproterozoic in
age (Alene & Barker 1993). According to Hussien (1999), the

rock associatio n in th e Moyale area is typical of a subduction

complex consist ing of metamorpho sed mafic-ultramafic
rocks, fore-arc and accretiona l wedge-derived metasedi
ments and associated rocks. Hussien further suggested that
the lit hological associatio n in the Moyale doma in indicates
th e existence of oceanic crust prior to subd uction.

The majo r orogenic belt s of th e Horn of Africa, Arabian
Shield and Mozambique Belt intersect in the Moyale region
(Kazmin et al. 1975, Vail et al. 1986). The local geolog y com
prises po lydeformed and metamorphosed mafic and ultra
mafic rocks, granodioritesand subordinate amounts of meta-
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Fig. 1. Location map of the Moyale graphite deposits.
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sediment ary rocks. The dom inant rock uni ts of th e Moyale
area are amphibole schist, quartz-feldspar-mica schist, gran
odiorite, quartzite and graph ite schist.

The graphite occurrences
Graphite occurrences in the Moya le area are hosted by
quartzite, quartz-feldspar-mica schist and rarely by amph ib
ole schist. Pegmati tic graphite bod ies, though less common,
usually occur discordant to the main schistosity. Occurrences
of graphite in th e Moyale region can be divided into th ree
areas.Theseshow some differences in mode of occurrence as
well as in th e grade and flake size of the graphi te.

Areas I and III (Fig. 2) cont ain nearly continu ous graphite
bands extending for several km. Such bands are dislocated
by faults in the cent ral reg ion and show a tendency to pinch
out towards the west. Area I consistsof relati vely th ick graph
ite bands separated by feld spar-quartz-mica schists. All the
graphite schist in thi s area dips toward s NE at about 45° and
has a relat ively uniform graph ite content (Fig. 3). Area 1I con
sists of short , discont inuou s graphit ic schists, hosted mainly
by quartzit es and pegmatites. Flake size of th e graph ite
diminishes towards the east (Area Ill); very fine grained
graph ite dominates farther east from Area Ill. The association
of graphite wi th rocks of medium metamorphic grade, their
wide latera l extent and character in outcrop, as we ll as th e
grade and flake size of th e graphite, suggests th at the y are,
most probably, sedimen tary in orig in.
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Fig. 2. Geological map of the Moyale graphite deposi ts
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Fig. 3. Loact ion and average graphite con tent of d ifferent t renches

Materia ls and experimen tal methods
Detai led geological mapp ing of the Moyale graphite was
facilitated by a line survey spaced at 100 m and labelled every
20 m. The pro file st retched NE-SW, nearly perpendicula r to
th e reg ional schisto sity. Trenches where dug almos t parall el
to the profi le lines.The locati on and average graph ite grades
of the t renches are shown in Fig. 3.These grid lines were also
used for collect ing gro und geophysical data. Scint rex TM-2
GENIE/hor izontal loop portable electromagnet ic transmit-
ters and EGS-2/ EM-4 receivers were used in the EM GENIE
Survey.

Pet rogr aph ic study was carried out by image analysisof
representat ive thin-sect ions from graph ite-bear ing samples
collected from trenches. By record ing and processing the
dig it al images, the vol ume percentage of graph ite and the
morphological featuresof graphite grains were determ ined.
Graph ite carbon conten t was determ ined by a loss of igni
t ion (LOI) test. The material is ground to less th an 500 urn
and 1 g of th e ground samp le is heated in an oven (100° C)
overn ight and in a furnace for 2 hours at a peak temperature
of 1000°C.

Graphite concentration was carried out in a laboratory
scale flotat ion cell using collectors and fro thers includi ng
Pine Oil, MIBC and EKOFOL and combinations thereof. Fine
« 400 urn) fract ion s were subjected to flota t ion. Two to
three dropsof collecto rs were used for abou t 500 g of mate
rial. Concentrates were coll ected afte r a 3 minute spindle
agitatio n. An inflow of air from an inlet at the side of th e flo
tat ion cell facili tates flotati on.

Results and discussion
Geophysics
Integrated geophysical explorat ion survey s confirmed geo
log ically mapped graphite zones in the Moyal e area. The
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Fig. 4. EM GENIEelect romagnet ic survey . See text for di scussion of th e EM anomalies 1 to 4.

graphite-rich zones gave high-lP, low - resistivity, st rong neg
ative GENIEEM values and a modera tely contrasting radiom 
ete ric response, in compa rison wi t h th e surrounding barren
rocks. EM GENIEstacked pro fi les using coi l separat ions of 50

m and 100 m and three frequency pairs, show clear anoma 

lies trending NW-SE in th eTinishu Gedemssaarea (Fig.4).The

trends of the anoma lies closely follow the geologically
mapped graphite unit s, separated by quartz-mica schists.
However, EM failed to pick out th e graphite units of Area 11.
This is probably because the graphites in such an area are
hosted by low-lying metasedimentary rocks. All geophysica l
anomalies continue towards th e southeast, but as the graph-
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Table 1. Aggregate stat istical data obtained from image analysisof several representative th insections of graphite, indicating selected
morpho logical features.

Area Area Perim feretmin feretmax ellipsea ellipseb

(lJ m2) (mm2) (IJ m) (IJ m) (urn) (IJ m) (IJ m)

Average 36147.8 0.036 1471.9 155.8 407 172.4 57.8

Maximum 1382548 1.383 19290.7 1982.3 3836.5 1919.8 518.7

Minimum 3808.7 0.004 267.4 17.7 85.9 38 5.5

Note: Area =Areaof grains, perim = length of grain perimeter; feretmin , feretmax = lengthsof shortest and longest axes, ellipsea/elli pseb =
lengthsof longest and shortest axesof theoretical ellipses surround ing the grains.
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stat ist ical rep resentative data as po ssibl e, agg rega te val ues
from several th in sections were recorded . The average vol

um e percentage of graphite w as found to be 7.9%. Statist ical

val ues for the size and dimensions of graphite are shown in

Table 1. Averag e grain size in thin -sect ion is 0.036 mm 2; the

longest and shortes t grain axes are 407 and 155 IJm, respec

tively (Table 1, Gaut neb 1997). Moreover, statistica l analyses

indi cate t hat abo ut 60% of graphite grains have their longest

axis between 100 and 300 IJm; t he rema ining 40% fal ling in

the > 300 IJm size fract ion (Fig .5).

Graphite carbon analyses
Grap hit e carbon con ten t was determined for both w ho le

rock samples and th e different size fract ions. The average

grade of the graphi te for th e w ho le rock ranges from 7 to 10%

wi t h a cumula tive avera ge of 9.01% (Fentaw & Mohammed

1998). The highest graphite concentrat ion is confined

betw een 400 and 63 IJm, wi th the coarser and finer fract ions

having graphite carbon conte nts com para ble wi t h th at of the

w ho le rock. As can be seen in Fig . 3, samples from Area 11 are

charact erised by rela tively higher graphite contents wh ile

those in Area I have nearly uniform gra ph ite carbon contents.

.=l---- - - - - - - - - - - --- - - - ---<

ite is finer grained in thi sarea th is does not encoura ge further

exp loration . The Geophysical evid ence strong ly indica tes

that t he gra ph ite content of th e rocks is the sole cause fo r th e

GENIE EM and lP/Resistivit y respon ses (Sebhat 1998).

Petrographical analys is
The ma in purpose of petrographica l study was to determ ine

th e vo lume percentage, grain size and mor ph ol ogy of the

graphite. Such a study is viewed as a pr e-req uisite fo r evalua

tion of graphite benefic iation tests. Dur ing sieving, the short

est axis wil l be regarded as t he maximum size th at passes

t hrough the sieve. In other words, th e shortest axi s corre

spo nds ap proximately to th e libera t io n size of the graphite

grains. From t hin-sect ion image analys is, volume % graphite

and morphological data were reco rded. To obtain as good

Fig.5.Carbon content vs. size fraction of sieved samples.

Graphite beneficiation
Grap hit e con centrat ion is dependent on the graphite mor

ph o logy and libera tion size. Grap hit e w as concentrated by

two stages of flo ta tion . The first stage of flo ta t ion produced

concent rates and ta iling s. A seco nd f lot at ion is carried ou t to

clean th e f irst g raphi te concent rates and resu lts in th ree

products: a concentrate, middling (material that sun k during

the secon d flotation) and tails . As ind icated in Tab le 2, it was

possibl e to upgrade the g raphite from 7 to 71%. The grade of

the ta iling is belo w 1%, suggesting tha t near ly all graphite in

th e head materia l is contained in th e concentra tes and tha t

th e co llecto rs are particularly effec tive for the Moyale sam

p les. This resul ts in a high recovery of the graphite, even

though th e concent rates have only a modera te grade. The

main reason for thi s is th at th e head ma te ria l consists of

coarse material (400 IJm), whi th a high incidence of inter

locked quartz-graphite grains. Such grains are frothed along

wi th the pu re graphi te and hence belong to the concen

trates. Hig h-g rade graph it e concent rates can best be

achieved by stepwise gri nding and flotation until all non

gra phitic ma ter ials in th e concentrate are liberated.
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Table 2. Results from the flotation tests of the Moyale graphite.

NGU-BULL 436,2000 - PAGE 173

Sample Product Wtprod. Weight Grade Wt.Grp Recovery Collector
No. ty pe (gm) (% ) (% ) (gm) (%)

Gt5-8 Concentrate 45.30 14.74 71.4 32.22 95.75 EKOFOL

Gt5-8 Tailing 261 85.25 0.55 1.43 4.25

306.13 100 33.65 33.65 100

Gt 13-4 Concentrate 34.6 11 .51 70.2 24.28 95.82 EKOFOL

G[ 13-4 Tailing 266.00 88.48 0.4 1.06 4.1 8

300.6 100 25.34 25.34 100

Gt 13-4 Concentrate 39.74 14.18 66.5 26.42 95.48 MIBCt EKOFOL

Gt 13-4 Tai ling 240.4 85.81 0.52 1.25 4.52

280.1 4 100 27.67 27.67 100

Gt 12-3 Concentrate 69.39 17.7 52.2 36.22 94.47 MIBCt EKOFOL

Gt 12-3 Tailing 322.6 32.29 0.66 2.12 5.53

391.99 100 38.34 38.34 100

Gt 12-3 Concentrate 5.8 1.89 42.4 2.45 9.04 MIBC

GL 12-3 Concentrate 4.7 1.53 57.2 2.68 9.88 MIBCt PINE

G[ 12-3 Tailing 296 96.57 7.43 21.99 81.08

306.5 100 27.12 27.1 2 100

Composite Concentrate 11 8.55 11.08 67.1 79.54 93.25 EKOFOL

Composite Tailing (1st) 890 83.21 0.34 3.02 3.54

Composite Tailing (2nd) 61 5.7 4.5 2.74 3.21

1069.55 100 85.3 100

Composite Concentrate 132 11.61 60.8 8.25 92.8 MIBCt EKOFOL

Composite Tailing (l st) 983 84.56 0.41 4.03 4.66

Composite Tailing (2nd) 44.5 3.82 4.94 2.19 2.54

1162.5 100 86.47 86.47 100

Note:Tailing (2nd) =Middl ing; Composit e =Mixed samples; Head grade 7-11%; Wt. Product =Weig ht of the product; Wt. Grade (%) =Weight
perc ent of graphite

Conclusions
The economic potential of a graphite-bearing rock depends
mainly on t he graphit e carbon content and flake size, since
th e market price fo r graphite reflects these two characteri s
tics. The average grade of the Moya le graphite schist ranges
between 7 and 11% (mean 9.1 %). The Moyale graphite
schists therefore hav e moderately low, graphite carbon con
tents. How ever, the graphite grains have th eir longest axes
greater than 100 IJm, which suggests that flake size isoptimal
and that it is technically feasible to produce graphite concen
trates using the availabl e technology. The Moyale area con
tains an indicated minera l resource of about 450 000 tonnes
of graphite. With one or two exseptions the geomorphologi 
cal condit ion s are also favourable for open pit mining .
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