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A B S T R A C T

The first study of the Lemshuku ‘tsavorite’ mining district is presented. From bottom to

top, the lithostratigraphic column corresponds to a metasedimentary sequence composed

of quartzite, fine-grained graphitic gneiss, kyanite-graphite gneiss, biotite-almandine

gneiss, metasomatized graphitic gneiss and dolomitic marble. ‘Tsavorite’ occurs in quartz

veins and rarely as nodular concretions. Two factors control mineralization: (1)

lithostratigraphy, with ‘tsavorite’ in association with pyrite and graphite confined to

quartz veins within the metasomatized graphitic gneiss; and (2) structure, with the

mineralized veins characteristically controlled by tight isoclinal folds associated with

shearing.

� 2010 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

R É S U M É

Le district minier de Lemshuku, exploité pour ses gisements de « tsavorite », est décrit pour la

première fois. La colonne lithostratigraphique de la séquence métasédimentaire est

composée, de bas en haut, de quartzites, de gneiss graphiteux fins, de gneiss graphiteux à

kyanite, de gneiss à biotite et almandin, de gneiss graphiteux métasomatisés et de marbres

dolomitiques. La « tsavorite » est associée principalement à des veines de quartz, mais parfois

à des nodules. La minéralisation à « tsavorite » est contrôlée par deux métallotectes : (1)

lithostratigraphique car la « tsavorite » cristallise uniquement dans des veines de quartz, à

pyrite et graphite contenues dans les gneiss graphiteux métasomatisés ; (2) structural,

marqué par la formation de plis serrés et isoclinaux associés à du cisaillement, responsables

de la formation et de la géométrie des veines minéralisées.
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� 2010 Académ
* Corresponding author.

E-mail address: feneyrol@crpg.cnrs-nancy.fr (J. Feneyrol).

1631-0713/$ – see front matter � 2010 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

doi:10.1016/j.crte.2010.06.003

http://dx.doi.org/10.1016/j.crte.2010.06.003
mailto:feneyrol@crpg.cnrs-nancy.fr
http://www.sciencedirect.com/science/journal/16310713
http://dx.doi.org/10.1016/j.crte.2010.06.003


[(Fig._1)TD$FIG]

Fig. 1. Geological map of Tanzania (modified after Pinna et al. (2004)) and

the ‘tsavorite’ deposits. The Merelani, Lemshuku and Namalulu mines are

located in the Lelatema area.

Fig. 1. Carte géologique de la Tanzanie (modifiée d’après Pinna et al.

(2004)) et des gisements de « tsavorite ». Les mines de Merelani,

Lemshuku et Namalulu sont situées dans la région de Lelatema.
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1. Introduction

‘Tsavorite’1, the green vanadian variety of grossular
Ca3(Al,V)2(SiO4)3, is a high value gemstone which com-
bines the important gemmological properties of hardness,
high dispersion, brilliance and transparency (Pardieu,
2005; Pardieu and Hughes, 2008). ‘Tsavorite’ is rare and
economic deposits are known only in Kenya (Bridges,
1974; Pohl and Niedermayr, 1978; Suwa et al., 1996),
Tanzania (Bridges, 1974; Malisa, 1987; McClure, 1999) and
Madagascar (Mercier et al., 1997). It was first discovered in
the late 1960s by C. Bridges (Bridges, 1974) in the
Lemshuku area of northeastern Tanzania, with subsequent
discoveries made in the region south of the Taita Hills of
southeastern Kenya. Other ‘tsavorite’ occurrences have
been described more recently in the Swat Valley, Pakistan
(Hussain, 2005; Jackson, 1992), and in the Sør Rondane
mountains of Antarctica (Osanai et al., 1990). All these
worldwide vanadian grossular deposits formed during the
Panafrican orogenesis, 730–530 Ma (Meert, 2003), and are
hosted in vanadian graphitic gneisses belonging to
metasedimentary formations of the Neoproterozoic
Mozambique Belt (Walton and Marshall, 2007) (Fig. 1).
The gemmological features of ‘tsavorite’ from Kenya and
Tanzania have been characterized extensively (Kane et al.,
1990; Muije et al., 1979; Schmetzer and Bank, 1982;
Switzer, 1974) but the genetic model of the deposits has
not been proposed.

The present contribution gives detailed mapping, field
relationships, lithostratigraphy and structural data for the
Lemshuku ‘tsavorite’ deposit, as well as setting out the
main features of the mineralization. The importance of the
lithostratigraphic and tectonic control is based on field
evidence obtained during recent mining operations at
Lemshuku. Guides for regional exploration are proposed.

2. Geological setting

The Mozambique Belt (Holmes, 1951), a part of
Gondwana, was formed by crustal segments deformed
and metamorphosed during Neoproterozoic to Cambrian
times (Meert et al., 1995). This north-south trending
orogenic belt stretches from the Arabian-Nubian Shield to
Madagascar (Muhongo, 1999; Stern, 1994), and occurs also
in India (Kriegsman, 1995), Sri Lanka (Kriegsman, 1995),
and eastern Antarctica (Jacobs et al., 1998). The Mozam-
bique Belt resulted from a Late Neoproterozoic continental
collision of ‘Himalayan type’ between eastern and western
Gondwanaland following the closure of the ‘Mozambique
Ocean’ (Shackleton, 1996). Most of the gems occur in
deposits located in the north-south high-grade metamor-
phic Mozambique Belt (Le Goff, 2008), also called the
‘Gemstone belt of East Africa’ (Malisa and Muhongo, 1990).
These include garnets (‘tsavorite’, rhodolite, pyrope-
spessartine, i.e. ‘color change garnet’), ruby, sapphire,
vanadian zoisite ‘tanzanite’, tourmalines, kyanite, diop-
1 The trade terms ‘tsavorite’ (vanadian grossular) and ‘tanzanite’

(vanadian zoisite) are not approved by the International Mineralogical

Association.
side, scapolite (Le Goff, 2008; Malisa, 1987) and several
others as kornerupine and kyanite.

In Tanzania, the Neoproterozoic structures of the
Mozambique Belt are characterized by thrusts and faults
(Le Goff, 2008; Le Goff et al., 2010). Three main
deformation events are recognized in the northeastern
part of the country:
(a) t
he D1 phase is characterized by the formation of
recumbent and sheath folds. From studies of metase-
dimentary units in South-East Kenya (Taita Hills)
which are correlated with those of Tanzania’s Masai
Steppe, this phase of deformation is estimated to have
occurred at ca. 640 Ma (Hauzenberger et al., 2007)
under granulitic conditions, P = 10–12 kbar, T = 760–
840 8C (Hauzenberger et al., 2004). In the Eastern
Granulites in north-east Tanzania orthogneisses and
metapelites gave P = 9.5–11 kbar and T = 810 8C (Appel
et al., 1998);
(b) t
he D2 event consists of heterogeneous deformations
most readily observed at tectonic contacts between the
basement and overlying metasedimentary units (Le
Goff, 2008; Le Goff et al., 2010); it took place under
amphibolite facies conditions (P = 5.4–6.7 kbar,
T = 620–670 8C) as estimated in metasedimentary units
in South-East Kenya (Mercier et al., 1999).
(c) t
he D3 event forms in the amphibolite facies and is
characterized by large north-south trending folds such
as the Lelatema Fold Belt (Le Goff, 2008; Le Goff et al.,
2010) in the Merelani-Arusha region. This deformation
is coeval with the formation at ca. 560 Ma (Hauzen-
berger et al., 2007) of NW-SE vertical and sinistral shear
zones forming mylonites in amphibolite-greenschist



J. Feneyrol et al. / C. R. Geoscience 342 (2010) 778–785780
facies and formation of the Merelani ‘tanzanite’ deposit
and the Lossogonoi ruby deposit (Le Goff, 2008; Le Goff
et al., 2010).

The ‘tsavorite’ and ‘tanzanite’ mineralizations in the
Merelani, Lemshuku and Namalulu mining districts all
occur in the Lelatema Fold Belt of the Eastern Granulites
(Fritz et al., 2009) (Fig. 1). In the Merelani-Lemshuku areas,
the metamorphic formations have been isoclinally and
tightly folded, and the foliation is oriented NE-SW with
dips commonly ranging from 30 to 608 towards the north-
west (Muhongo et al., 1999). Several metamorphic
facies have been distinguished in the two mining

[(Fig._2)TD$FIG]

Fig. 2. Geological map of the Lemshuku area (see Fig. 1 for the location). Pe

orientation.

Fig. 2. Carte géologique de la zone de Lemshuku (voir Fig. 1 pour la localisation). L

carte et d’indiquer leur orientation.
areas including garnet-kyanite/sillimanite-biotite gneiss,
kyanite/sillimanite-graphite gneiss, biotite-graphite gneiss,
calc-silicate rocks, quartz-feldspar gneiss, dolomitic marble,
and pegmatites (Malisa, 1987; Muhongo et al., 1999). The
rocks have been retrograded from granulite to greenschist
facies (Muhongo et al., 1999) at 600 Ma (Malisa, 1987). P-T
conditions for the Merelani gneisses have been estimated at
600–740 8C and 7.7–9.1 kbar (Malisa, 1987), and at 610–
670 8C and 6–6.5 kbar (Muhongo et al., 1999).

The most prominent producing district is in the
Merelani area, with the ‘Tanzanite One’ mine (Wilson
et al., 2009) located in a metasedimentary unit on the
western slope of the Lelatema Fold Belt in the upper part
gmatite thickness has been exaggerated to show their occurrences and

’épaisseur des pegmatites a été exagérée, afin de pouvoir les localiser sur la
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of the Neoproterozoic nappes. The mineralization is
hosted by graphitic gneiss, and ‘tanzanite’ is commonly
associated with ‘tsavorite’ in faulted and hydrothermally
altered zones with boudinaged pegmatites and quartz
veins concordant to the regional foliation (Malisa, 1987).
The gems commonly occur in extensional veins in fold
hinges (Malisa, 1987; Malisa and Muhongo, 1990).
The second most important zone of economic minerali-
zation is likewise hosted in graphitic schists on the
western slope of the Lalatema Fold Belt and its extension,
and includes the ‘tsavorite’ occurrences at Lemshuku and
Namalulu.

3. The Lemshuku mining district

Two types of ‘tsavorite’ deposit are known in this area
(Fig. 2):
(a) p
rimary deposits formed by a polyphased metamor-
phic-hydrothermal system at the Komolo
(3851’36.25’’S – 36851’48.51’’E) and Lemshuku mines
(3852’2.80’’S – 36850’59.70’’E). At these localities, two
subtypes of mineralization have been recognized:
a1) ‘Tsavorite’-bearing quartz veinlets and gashes

which cross metasomatized vanadian graphitic
gneiss. This is the main type of mineralization at
Komolo and Lemshuku. According to miners, the
Komolo mine was the most productive ‘tsavorite’
mine in the area during its heyday, 1992 to 1998.

a2) ‘Tsavorite’-bearing potato-like nodules, averaging
8 cm in diameter. To date, such nodules are very
rare and have only been found in the wastes of the
Komolo mine. They correspond to porphyroblasts
with kelyphitic rims;
(b) p
Fig. 3. Lithostratigraphic column of the Lemshuku area. CSB: calc-silicate

bands; CGV: carbonate-gypsum veinlets; SB: siliceous bands.

Fig. 3. Colonne lithostratigraphique de la zone de Lemshuku. CSB :

bandes calco-silicatées ; CGV : veinules à carbonates et gypse ; SB : bancs

siliceux.
lacer deposit at Lemshuku (3851’37.01’’S –
36851’15.94’’E) formed down-slope of the primary
occurrences as the hillside eroded away forming
proximal accumulations in a detritic basin. The placer
is composed of fragments and blocks of graphitic gneiss
characterised by kyanite and green mica, with lengths
ranging from a few centimetres to more than a metre
and commonly consolidated by fine-grained particles.
Lower parts of the placer contain larger and more
angular fragments with smaller sizes and better-
rounded materials found near the top. ‘Tsavorite’
occurs in angular and weakly rounded fragments up
to 3 cm in size, as are other gemstones, including green
tourmaline, kyanite and ruby.

4. Lithostratigraphic column

From bottom to top, the 100-metre Lemshuku lithos-
tratigraphic column (Fig. 3) is composed of the following
units:
(1) a
 reddish quartzite unit with concordant amphibolite
layers, 2–5 m thick;
(2) w
hite to grey fine-grained graphitic gneiss, about 7 m
in total thickness, composed of medium-grained
quartz, feldspars and disseminated graphite in 60 cm
thick layers;
(3) k
yanite-graphite gneiss, 20 m thick with kyanite
crystals up to 3 cm in length, some of which are gem
quality. Green mica is locally associated with the
kyanite and both are found underlining the lineation at
ca. N0258 which follows the regional foliation (Fig. 4).
Granitic pegmatites, up to 2 m wide, concordant with
the regional foliation, were injected into the kyanite-
graphite gneiss. The pegmatites are boudinaged and
may host green Cr-bearing tourmaline;
(4) b
iotite-almandine gneiss, 27 m thick, with a composi-
tion of quartz + feldspars + biotite + disseminated al-
mandine. Kyanite and graphite are rare;
(5) fi
ne-grained graphitic gneiss hosting ‘tsavorite’
mineralization. The bottom and middle sections of
this unit are formed by an assemblage ofquartz +
feldspars + graphite + green micas + kyanite + hematite.
The upper part of the unit, composed of fine-grained
vanadian graphitic gneiss intercalated with siliceous
and calc-silicate bands, is affected by major fluid–rock
interactions concurrent with the formation of the
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Fig. 4. Stereonet diagram (Schmidt diagram, lower hemisphere) showing

the Lemshuku foliation variations which give the fold axis of the study

area. Quartz vein families V1 and V2 are represented by their average

poles.

Fig. 4. Diagramme stéréographique représentant les variations de

mesure de foliation de la zone de Lemshuku, qui permettent de

déterminer l’axe du pli. Les deux familles de veines de quartz V1 et

V2 sont représentées par leurs pôles moyens (diagramme de Schmidt,

hémisphère inférieur).
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‘tsavorite’-bearing quartz veinlets. This metasomatism
is characterized by an intense silicification, graphitiza-
tion and sulphuration with pyrite, chalcopyrite and
sphalerite. ‘Tsavorite’ mineralization occurs in quartz
veins, veinlets and gashes, where the grossular is
associated with quartz, carbonate, pyrite, and graphite.
These associated minerals are also disseminated in the
graphitic gneiss in the proximity of the quartz veinlets.
The ‘tsavorite’ crystals have a deep green colour, are 1–
10 cm long and are larger than those found in the placer.
Blue zoisite, i.e. ‘tanzanite’, may develop as rims around
the grossular crystals. Carbonate-gypsum veinlets
(CGV), a few millimeters to 2 cm in thickness, have
been injected into the metasomatized gneiss, siliceous
bands (SB), and calc-silicate bands (CSB);
(6) k
yanite-graphite gneiss, 2 m thick, overlies the fine-
grained metasomatized graphitic gneiss;
(7) th
e top of the lithostratigraphic column is made up of
whitish coarse-grained dolomitic marble that formed
the tops of many of the hills in the mining area.

The lithostratigraphic columns of the Merelani and
Namalulu areas are similar to that at Lemshuku, though at
Namalulu the dolomitic marble unit presents different
variations in facies: with (from bottom to top) whitish
anhydrite-bearing marble, whitish baryte-bearing marble,
yellowish to orange marble. These marbles are overlaid by
a greyish marble layer which contains concordant
decametric lenses of gypsum-anhydrite-pyrite as well as
3 m long lenses of calcitic marble with green and gemmy
diopside, scapolite (60% marialite), pyrite and graphite.

5. Structure

In the Lemshuku area, the stratification and the
foliation planes are parallel as observed in the Merelani
and Namalulu areas. This S0�1 plane strikes N0318 with a
dip ranging from 40 to 708 to the north-west or in places
toward the south-east (Fig. 2 and Fig. 4). The NE-SW
direction of S0�1 is concordant with the regional strike of
the foliation reported for the Merelani area (Grainger,
1964; Macfarlane, 1965; Muhongo et al., 1999; Tanzanian
Geological Survey, 2002). The stereonet in Fig. 4 shows that
the Lemshuku area has been affected by a fold with an axial
plane oriented N0108 and dipping 308 to the east (fold axis
is N0258–108NNE). The axial plane of the regional Lelatema
fold has a strike of N0108 with a dip of 758 to the east (fold
axis is N0168–308NNE) (Grainger, 1964; Macfarlane, 1965).
It is similar to the calculated strike for the Lemshuku fold.
The foliation pattern shows that these folds are isoclinal
and very tight (Fig. 2). Such features are typically observed
in the mines where tight decimetre to multicentimetre
isoclinal folds affect the fine-grained graphitic gneiss.

The regional faults have two sets of directions which are
also found in the smaller Lemshuku area (Fig. 2): F1

exhibits NNE-SSW (ca. N0308) orientations, and F2 ENE-
WSW (ca. N1208). F1 are parallel to the foliation and are
consistent with the Lelatema fault system which circum-
scribes the Lelatema Fold Belt on the western slope and
downthrows to the west (Macfarlane, 1965). They are
ductile faults and materialized contacts between metase-
dimentary and volcanoplutonic formations (Le Goff, 2008;
Le Goff et al., 2010). F2 have been observed on a more local
scale in the northern part of the Lemshuku area and
crosscut the Lemshuku fold. F2 are interpreted as brittle
down-throwing faults (Macfarlane, 1965). In the Lem-
shuku area, a number of field criteria indicates that F2

faults have a shear component with a predominant dextral
movement direction (Fig. 2): (1) F2a shows a clear
displacement of the marble unit in a dextral sense; (2)
F2b is characterized by the presence of drag-folded marble
and gneiss indicating a dextral shearing; (3) sigmoidal
quartz is present.

The ‘tsavorite’ deposit consists of veins and veinlets
which present two main directions (Fig. 4): the first set V1,
parallel to the foliation S0�1, is oriented N010 to N0408
(average azimuth N0298) with a steep dip of 65 to 858
mainly to the northwest but also to the southeast; the
second set V2 strikes N090 to N1308 (average azimuth
N1048), similarly dipping 60 to 808, mainly to the northeast
but also to the southwest. V1 and V2 are fault-filled veins
varying in thickness from a few millimetres to 20 cm, with
an average of ca. 5 cm. These veins form parallel elongated
and boudinaged lenses disposed en echelon within their
host structures. ‘Tsavorite’ occurs in the lenses where V1

and V2 present their maximum thicknesses (ca. 20 cm), and
in places where V1 and V2 cross and form a pocket vein. In
the shear zones at the Komolo mine, it is observed that
near their lateral terminations V1 veins grade into isolated
veinlets separated by barren wall rock. V1 veins are also
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associated with major fluid circulation and interaction
with the wall rocks. Individual quartz bands may be
separated by slip surfaces coated by graphite and pyrite.
Crack-seal textures are also recorded in V1, indicating that
repeated episodes of oblique extension of the shear
fracture have alternated with episodes of slip along the
fractures. Hydraulic breccias are observed and consist of
angular metasomatized wall-rock fragments cemented by
an hydrothermal matrix (graphite-pyrite-quartz), showing
no evidence of rotation during the implosion.

6. Discussion and conclusion

’Tsavorite’ mineralization in the Lelatema Fold Belt is
hosted in a tightly and isoclinally folded Neoproterozoic
metasedimentary sequence located on the Eastern Gran-
ulites cover of the Mozambique Belt (Fritz et al., 2009). The
economic occurrences of Merelani, Lemshuku and Nama-
lulu are restricted to the western flank of the high
amplitude Lelatema anticlinal fold. Lithostratigraphic
and structural controls are both important factors for
the occurrence of ‘tsavorite’ deposits.

6.1. Lithostratigraphic control

The metamorphosed and deformed platformal sedi-
ments hosting these ‘tsavorite’ deposits are 100 m thick at
most. In the Lemshuku and Namalulu mining districts, the
‘tsavorite’ mineralization is located at the contact between
the fine-grained vanadian graphitic gneiss and the marble
unit. Graphitic gneiss and marble contrast with one
another in their competency and chemistry and at
Lemshuku, the ‘tsavorite’ mineralization is located in the
transition zone between the two. The ore zone is composed
of metasomatized graphitic gneiss and quartz veins-
bearing ‘tsavorite’-carbonate-anhydrite and (gypsum)-
graphite-sulphides veins. The metasomatic rocks are the
result of fluid-flow alteration and are marked by epigenetic
growth of pyrite, V-pyrrhotite, sphalerite, V-micas, quartz
and carbonates. Originally, the host-rocks were black
shales (Giuliani et al., 2008) and the V-Cr precursor
minerals were consumed during the prograde metamor-
phism, with resultant vanadium and chromium contents of
the graphitic gneiss of 797 and 213 ppm, respectively.
During the metasomatic event, these elements were
mobilized by pervasive fluids related to the formation of
quartz veins and concentrated in the hydrothermal phases.
The graphitic gneisses provided vanadium, chromium,
alumina and silica, and the intercalations of marble and[(Fig._5)TD$FIG]
Fig. 5. Cross-section of the Lemshuku area (see Fig. 2 for the location). The ver

Fig. 5. Coupe géologique de la zone de Lemshuku (voir Fig. 2 pour la locali

représentation des structures.
sulphates gave calcium necessary for the formation of the
vanadian grossular. All these elements were proximal and
the formation of the ‘tsavorite’ is therefore controlled by
the lithology and fluid–rock interaction.

6.2. Mineralization versus structure

At the Lemshuku mine, ‘tsavorite’ is contained in fault-
filled veins related to the main shear-zone. Such veins are
observed in brittle-ductile to ductile shear zones (Robert
and Poulsen, 2001). The conformity of strike of the
lineation, foliation, and V1 fault-filled veins means that
folding, shearing and vein-growth were coeval. Crack-seal
bands of cleaved wall-rock, pyritization on the foliation
planes of the tight decimetric isoclinal folds, and the
extensional veins which formed in the hinge of the folds
(saddle reef structure (Cox et al., 1995; Sibson and Scott,
1998)) are indicative of vein formation and hydrothermal-
metasomatic fluid circulation during regional metamor-
phism. Such structures are also described in the Merelani
mines. In the ore zones, the quartz veins are relatively
narrow or/and disappear on fold limbs but are thicker on
the crests of anticlines (Malisa and Muhongo, 1990). They
are found for over a kilometre along strike and up to 300 m
down dip from the surface in the ‘Tanzanite One’ mine
(Wilson et al., 2009).

At the Lemshuku mine, fluid pressure and stress
constraints caused by differences in competency of
lithologies, tensile strength, and internal friction (Sibson
and Scott, 1998) have opened extensional fractures
generating fault-fracture meshes which produced the V2

veins. Fluid overpressure characterized by the presence of
hydraulic breccias (Sibson et al., 1988) testifies to repeated
episodes of hydraulic fracturation, fluid circulation and
metasomatic alteration.

In the Lemshuku area, the style of deformation of the
metasediments is characterized by tight faulted folds
parallel to the bedding. This has led to shearing which has
increased the stratigraphic thickness of the units (Fig. 5).

6.3. Comparisons with other worldwide ‘tsavorite’ deposits

The association of graphitic gneiss and marble for the
host rocks of ‘tsavorite’ was first mentioned by Bridges in
North-East Tanzania and in South-East Kenya (Bridges,
1974). This association may characterize ‘tsavorite’ depos-
its throughout the Mozambique Belt (Walton and Mar-
shall, 2007). In general, the marble unit is located adjacent
to the graphitic gneiss or metapelites as in the case in
tical scale has been exaggerated for better visualisation.

sation). L’échelle verticale a été exagérée, afin d’obtenir une meilleure
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northern Tanzania, in Madagascar (within the Precambrian
granulitic Vohibory Group (Mercier et al., 1997)), and in
Pakistan (within the Pacha Formation of the Early
Proterozoic Manglaur Group which consists of pelite-
psammite, quartzite and minor marble, calc-silicate rock,
graphitic schist and amphibolite (Hussain, 2005)). In the
Voi region of Kenya, the ‘tsavorite’ is restricted to the upper
part of the Lualenyi Member of the Mgama-Mindi
Formation (Pohl and Niedermayr, 1978). This formation
is composed of orthogneiss, paragneiss, mica schist,
kyanite schist, graphite schist, quartzite, calc-silicate rock
and marble (Walton and Marshall, 2007). The ‘tsavorite’ is
found in graphitic gneiss interbedded within calcareous
nodules or immediately adjacent to marble (Pohl and
Niedermayr, 1978; Walton and Marshall, 2007). In the
Baragoi region, north of Nairobi, the marbles occur in
calcareous seams disseminated in graphitic schist (Key and
Hill, 1989). In the Menipa mountain in Antarctica, the
‘tsavorite’ is hosted by graphite-bearing calcareous meta-
pelites (Osanai et al., 1990).

Two types of mineralization are recognized in the
Lemshuku area:
(1) n
odular concretions only known from the tailings of
the Komolo mine though commonly observed in situ in
Kenya (Suwa et al., 1996) and Antarctica (Osanai et al.,
1990). In Kenya, the nodules form a mineralized
horizon within calc-silicate graphite gneiss (Suwa
et al., 1996) or they are found in a zone within
graphitic gneiss adjacent to a pegmatite wall (Pohl and
Niedermayr, 1978). The nodules are commonly
rimmed by a narrow green kelyphitic assemblage of
scapolite (meionite), vanadian zoisite (’tanzanite’),
quartz and spinel.
(2) ‘t
savorite’-bearing quartz veins, as observed at the
Lemshuku and Namalulu mines are also described in
Pakistan (Hussain, 2005) and Merelani as pockets filled
by quartz, ‘tanzanite’, ‘tsavorite’, pyrite and graphite
(Malisa, 1987).

6.4. Genesis of the Lemshuku and Namalulu deposits

Several stages leading up to the formation of the
‘tsavorite’ deposits in the Lemshuku-Namalulu mining
districts can now be identified:
(1) s
edimentation of the protoliths in a continental
platformal series with evaporitic deposition such as
proposed (Suwa et al., 1996) for the origin of scapolite
in the Lualenyi deposit in Kenya;
(2) d
uring the Pan-African orogenesis the sediments were
metamorphosed to the amphibolite facies, transform-
ing detrital arenites into quartzites, shales rich in
organic matter into vanadian graphitic schist, and
carbonates into marble (see lithostratigraphic column
in Fig. 3). The association of anhydrite (and gypsum)
with ‘tsavorite’ in quartz veins in Lemshuku, the
presence of lenses of gypsum and anhydrite, graphite,
and scapolite in carbonate lenses within the Namalulu
marbles indicate the deposition of evaporites (salts and
sulphates) in an euxenic carbonate platform environ-
ment, probably isolated from the open sea (Garnier
et al., 2008);
(3) d
eformation of the metasedimentary platform units
during the formation of the high amplitude Lelatema
fold belt with shearing, formation of fault-filled veins,
and metasomatism in the upper part of the graphite-
rich gneissic unit.

6.5. Prospecting implications

The new information on the lithostratigraphy and
structure of the Lemshuku and Namalulu ‘tsavorite’
deposits provides guidelines for prospecting on the
western flank of the Lelatema Fold Belt. These include
the need to locate: (1) fine-grained graphitic gneiss
overlain by marbles containing lenses of meta-evapor-
ites; and (2) structural details within the regional
Lelatema anticline corresponding to second and third-
order anticlines and synclines in a saddle reef model
(Windh, 1995), along with shear zones associated with
the deformation. Preliminary remote sensing studies of
the Lelatema Fold Belt should provide a sufficiently
detailed structural map; the focus can then change to
standard geological mapping and prospecting in the field.
Useful index minerals and rocks include: (1) gypsum-
anhydrite in fractures within graphitic gneiss or as lenses
in marble; (2) scapolite in marble or graphitic gneiss; (3)
soils with the sulphate mineral jarosite which is formed
by the oxidation of pyrite in arid areas, and is known from
Merelani (Malisa, 1987).
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