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Abstract : Although two-thirds of the present nickel production is derived from nickel 
sulphides, lateritic nickel reserves are estimated to be around three times as those of 
sulphides. These vast reserves of lateritic nickel are expected in humid tropical terrains 
of the world where very little exploration work has been c a d  out. A lateritized 
serpentine body from Uda Walawe, Sri Lanka, has been studied for its geology and 
geochemistry. The nickel content shows a range of 0.05 %-2 % and occurs partly 
in the iron-oxide phase. Cobalt correlates well with manganese but there does not 
appear to be a significant correlation of nickel with magnesium and silicon. The 
chromium content ranged from 300-3100 ppm and was found mainly in the chrome 
spinels found in abundancein the serpentine body. Geologically, the Uda Walawe 
serpentinite body is located at a possible plate margin at the boundary of the Highland 
Group and the eastern Vijayan Complex and may well represent the more mobile 
part of an ophiolitic sequence. 

1. Introduction 

Nickeliferous laterites, serpentinites and other ultramafic bodies have recently been the 
subject of intensive study. The economic importance of laterites have been discussed 
at lengthz1 and special emphasis is now being laid on nickel bearing late rite^.'^,^^ 
Even a cursory glance at a asp showing the distribution of tropical rain forests 
of the world where most laterites are expected to occur shows that the majority of 
them lie in developing countries. The utilization of lateritic nickel reserves is of parti- 
cular importance to such developing countries in the tropical and sub-tropical regions 
where the largest reserves and lesources of lateritic nickel occur. Although 62% 
of the present world production is derived from nickel sulphide~,'~ the world nickel 
reserves in the laterites are considered to be three times as large as those of sul- 
phidesS2 Even though the nickeliferous laterites are rather low grade resources, the 
large scale occurrences and possible complex utilization including the by-product recoL 
very of Co, Cr, and Fe have triggered intense research work in many laboratories.14 
It is thus appropriate to term nickeliferous late~ite as a resource of the future. 

Lateritized serpentinites have been discovered in Sri Lanka recently6$' and they lie 
in the eastern sector of the island along the boundary of the Highland Group and the 
Vijayan Complex17 (Figure 1). At present the mineral wealth of Sri Lanka consists 

, mainly of non-metallic deposits4-" and in view of the many serpentine bodies found 
in Sri Lanka, exploration for nickel in these bodies is worthwhile. 



2. Geologic setting 

Geologically the greater part (about 92 "/J) of Sri Lanka consists of rocks of Precam- 
brian age, tl-e ;s!end havirg r~msined stable over a long period of time. Tile Prec2-n1- 
brim rocks 17~ve been clsssified into a Highland Group consisting mai~~ly  of rocks 
belonging 'to gran'o'lite facies, a Vijayan Complex of grmites, granitic weisses and 
rn:gmat'tes of the ampbibolite facies and a SoutE.western Group, a complex of cor- 
dierite gneisses and char1.1ockites (figure 1). For a. detailed acc~unt  of the geology 
of Sri Lank?, the reader is referred to C o o ~ a y . ~  

Th.e serpentine bodies so fax found in. Sri La,nka. 211 lie along th.e boundary of the 
Highla-n.d Group and th.e eastern. Vijayan Complex. Tlris bounday i.s now consi- 
dered to represent th.e geosuture of an ancient p l ~ t e  mar-gin and a poten.tia1 mineralized 
belt.16J7J8J9 Of these the Uda Wa1e.w~ serpentine body is the best known and 
has been stu.died for its petrology and geo~hemistry6~~ on. a preliminary investigation. 
The serpen.tine body itself is approximately 7 km2 in exten-t (Figufe 2) and is surroun- 
ded. by charnockites, ca!c-gneisses, migtnatites an.d cordierite bearing peisses. 
A1on.g tb-e north-ern contact of the body, diopside bearin.g gneisses and c~l.cipb.yres 
could be recognized. In the eastern part of the area are hornblende-biotite gneisses 
and migmztites ch.arecteristic of the Vijayan Complex rocks. 

Figure 3 illustrates the gener~lized cross-section of the lateritic serpentinite of Uda 
Walawe, Sri Lp.nka. Th.e latteritic iron-ore ca,p is presen-t at tb.e top an.d is generally 
devoid of vegetation. This lack of vegetation in places wh.ere the lateritic -cap is 
thick is very obvious and can. easily be recognized in Cl?e aerial photograpl?.~ covering 
suck. Iatdtic terrains. Below tb.e lateritic cap we the remnants of the bigbly weatb.ered 
serpentinized uitramafic rock which. retains in most cases the original retic17.late or 
banded structure. A conspicuous feature in this zone is the occurrence of small 
black grains of magnetite and chrome spinels. In a number of case histories,- 
India,24 Th.ailand.20 and Cuba" this feature has been observed. It is also common 
to find the weathered ultramzfic rock assuming varying shades of green. It is of 
interest to note that Brindley and Pb.am Thi Hang1 observed a close co~rek~tion of the 
nickel content of ser pentinite with t1t.e intensity of the green colour as determined by 
the Munsell colour chart. This feature is worthy of considsration during prospect- 
ing for nickel. Even. the secondary silics minerals such as chert, agate, ch.alcedony, 
opal, etc., occzsionaily display shades of green colour wh.ich. in some Ci~ses could be 
used as a guideline during exploration for ilickeliferous laterites over serpentine 
bodies. 
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Figure 1. Map of Sri Lanka showihg the main geological divisions and the climatic boundaries. 
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Figure 2. Geological map of the Uda Walawe serpentine body O f  Sri Lanka. 
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Figure 3A. S p ~ i ~ ~ e n  geological section of a laterite in Sri Lanka 
1 = Humus rich soil material with iron concretions 5 = bauxitic material 
2 = Coarse grained yellowish-brown soil material G = re11efs of parent rock 
3 = Fine textured grey soil material (gibbsite abundant) 7 = fresh bed rock 
4 -- Iron-rich pebbly layer 
Figure 3B. Generalized profile of the Uda Walawe serpentinite of Sri Lanka. 



The cumulate pature of the large grains ofmagnetite and spinels indicated a layered 
nztiture of emplacement for t17e Uda Walawe serpentinite body. Recent drilling of 
of the body by Geological Surcy 13e.partment of Sri Lanka indicates a deep-seated 
origin and in view of the fact that these serpentine bodies are located at a possible 
plate m.rgir,l7 an ophiolitic origin cannot be ruled out. This is more so since the 
serpentine part is a more mobile section of an ophiolitic sequence. Geophysical 
work carsied o ~ ~ t  on this body (M. J. Sarat3chandra-personal communication) by 
the Water Resources Board also confirms a deep seated origin for the Uda Walawe 
serpentinite. 

3. Petrology and Mineralogy 

The rocks are completely serpentinized with some remnants of pyroxene and 
tremolite. Magnetite whenever present forms disseminated dust-like particles and 
the mafic dykes consist of tremolite/actinolite, dlopside, enstatite and quartz. The 
serpentine is composed of fibrous and platy serpentine minerals (chrysotile and anti- - gorite) sssociated with various amounts of silica and carbonates. Brown picotitel 
chrcjmite concenirations are disseminated m d  where present are cut by small czr- 
bonate veins. In many sections a psle green, vesic~iar m:caceous mineral (fuchsite, 
deles~iti) is present. According to textures and minerd associations the following 
serpentinites csn be distinguished :7 

(a) oolitic serpentinite, with oolitic silica and the micaceous mineral mentioned 
above, 

(b) fibrous serpentinite. Compact vesicular antigorite and silica with or 
without dispersed carbonates, 

(c) mesh-like serpentinite, with platy chrysotile and vesicular antigorite asso- 
ciated with carbonate and delessite or fuchsite. Ch.romitc]picotite may or 
may not be present. This texture points -to an original. peridotitic 
composition, 

(4 micaceous serpentinite, mainly composed of delessite or fuchsite. 

O.ver 150 samples were taken on a grid sampling pattern and analyzed for the major 
and trace elements by X-ray fluoresce~ce Spectrography at the University ofDurham, 
U. K. and B. R. G. M., France. 

Table 1 shows ,the normative mineralogy of 10 samples analyzed. As expected 
normative hypersthene and olivine are abundant and also a high water content. 
The differentiation index of the samples is very low and the Fe3+/total Fe ratio 
remains constant at 0.25. Table 2 shows the mineralogical composition of a typical 
Uda Walawe serpentine sample. 



The Gealogj and Geochemistry o f  the Udc Walawe Seryentiiite, Sui Lanka 19 

TABLE 1. Normative mineralogy of the U&a Walawe serpentinite. 

Summzry Worm Tabie 

S1 S2 S3 S4 S4 S5 S5 $7 57 S9 Sr S10 

Orthoolase 0.1 C . l  C.3 0.5 0.5 0.3 0.3 0.0 0.C 0.0 0.0 0.2 
Albite 0.3 0.5 0.3 0.4 0.2 0.2 0.2 0.4 0.0 0.3 0.2 0.4 
Anorlhte 0.5 0.6 0.3 0.5 1 .  0.9 0.3 0.6 0.6 0.4 0.7 0.5 
Diopside 1.4 0.S 2.4 4.7 4.2 4.3 4.5 4.4 4.6 4.6 4.5 2.3 
F-Pype~sthene 46.2 42.2 78.9 71.3 71.9 85.0 85.0 53.6 53.7 72.0 71.0 81.1 
Olivinc 48.5 52.5 14.8 18.1 17.8 4.5 4.6 37.6 37.7 18.6 19.5 12.0 
Magnetite 3.0 3.3 3.0 4.4 4.4 4.7 4.7 3.3 3.3 4.0 4.0 3.4 
Ilmenite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Apatite 0.0 0.0 0.0 0.0 0.0 C.0 0.0 0.0 0.0 0.0 0.0 0.0 
Pyrite 0.C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.C 
Water 12.1 12.1 8.3 10.8 10.6 11.0 11.0 11.3 11.4 12.7 12.3 9.1 

Diff.lnc?x (5.4 0.5 0.5 0.9 0.7 G.5 0.5 0.4 0.0 0.3 0.2 0.6 
VA(NA+I<) 0.70 0.38 0.53 0.46 0.30 0.43 0.43 0.95 0.60 1.00 1.00 0.67 ' 

(NA-FiO'AL 0.32 C.31 0.49 0.46 C.26 0.20 0.23 0.28 0.01 0.76 0.13 0.36 
F3(F2 +F3) 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
-- .- - - -- - - - -- 

4. Geochemistry 

Table 3 shows the summzry statistics of the elemental analyses for the Uda Walawe 
serpentine body. 

The nickel coiltent of the latetitized Uda Walawe serpentinite shows a minimum 
nickel content of 5 0 9  ppm and a maximum of 2%. Figures 4-8 illustrate the varia- 
tion of nickel with Fe20,, MgO, SiO,, Mn and the Si0,/Fe2 O, ratio respectively. 
It seems apparent from these figures that nickel in the lrteritized serpentinite shows 
a tery slight preference for the iron-oxide phase, most likcly a limonitic phase. The 
correlation coefficient for the variation of Fe, 0, with Ni is +0.60 whereas that of 
SiO, with Ni  is $0.49 and is less significant. The SiO,/Fe,O, variation with nickel 
illustrates this further and seems to confirm a very slight pteference of Ni for an iron- 
oxide phase. This slight association of nickel with iron indicates that goethite could 
also be a Fost for some of the nickel observed. Nickel can be found in the lattice 
of goetllite, the substitution of trivalent iron by divalent nickel being facilitated by 
the simultaneous incorporation of tetravaknt silicon. The variation of nickel with 
that of manganese is also only vaguely defined (correlation coefficient-0.48) ar,d this 
appears to be in agreement with the conclusions cf S~hellrnann~~ that less than one 
tenth of the nickel content is contained in the manganese oxide. 
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Figure 4. Variation of Ni with Fez O3 in the lateritic serpentine samples 
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Figurn 5. Variation of Ni with MgO in the lateritic se~pentine samples 



The Geology and Geocherni~tr~) uf the Uda W'alawe Serpenti~tite, Sri Larikn 25 

Fihfure 6. variation of Ni with S i 0 2  in the lataritic seppentine samples. 
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Figure 7. Variation of Ni w i a  Mn i s  the lateritic serpentine samples. 
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Figure 8. Variation of Ni with Si02!Fq03 in the lateritic serpentine samplaa 



A further noteworthy feature observed in the distribution of nickel in the serpen- 
tinite was the high average NiO content (1.15 %) of the spinels. Based on the che- 
mistry the spinels were classed as ferritchromites. Table 4 shows the electron-probe 
m h ~ ~ n a l y s e s  of spinels from the Uda Walawe serpentinite. With serpentinization 
and alteration the Al, 0,, MgO and Cr,O, contents had decreased while an increase 
of total Fe and NiO were observed. It appears very likely that the unlateritized 
parent rock did not have a sulphide rich phase as Ni will then move preferentidy 
with sulphides. The con'elation diagrams were restricted to the samples containing 
nickel in the range 1000-4000 ppm, since those with higher Ni contents consisted 
mainly of spinels. 

4.2 Cobalt 

Figure 9 illustrates very clearly the close association of Co with Mn. This associa- 
tion has bcen noted in many previous studies on late rite^.^:^ 

Tile manganese oxides arc knoum mostly to  fill out small cavities and fissures in 
the limonitic matrix, indicating their secondary ~rec i~ ta t ion .  In the Uda Walawe 
serpentinite, the cobalt values as analyzed by qwntometry (B. R. G. M) ranged from 
70-380 ppm. Figure 10 illustmtes the Ni-Co-Cr variation in the serpentinite. 

4.3 Chromium 

The chromium content langed from 300-3100 pprn and was mainly found in the 
chrome spinels. Electron-probe micromalyses of a number of spinels separated 
from the serpentinte showed an average content of 9.47 %. ScPLe11rn~nnz2 showed 
from analytical results for 8 nickel limonitic ores ftom various deposits around Oh0 
world that 55-75 % of t5e chromium is bound in chrome spinels and since the stability 
of chrome spiilcls is high, the geochemical mobility of chromium during tropical 
weathering is also low. 

4.4 Manganese 

The manganese content of the samples ranged from 700-6300 ppm and was mainly 
found in the limonitic material. Mn occurs as MnO, coatings and films on joint 
planes in the limonitic lateritic zone characterized by its lack of parent rock texture 
and its mineralogy. 

4.5 Zinc and lead 

At present there are very little data on the zinc and lead contents of serpentinites. 
A zinc content of 2000 ppm was reported by Faust and Faheylo and ZelissinkZ3 repor- 
ted a zinc content of 32 pprn for the G m ~ ~ v a l e  serpentinite of Queensland. In this 
study the zinc content ranged from 30-250 ppm in the samples investigated. Zinc 
on account of ils tendency to enter into 4 fold co-ordination in minerals8 prefers the 
f he spinels and other. iron-oxide minerals, 
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TABLE 4A. Electron-probe microanalyses of spinels from the Uda Walawe serpentinite 

Mg A1 Ti 
Point I 

AC 5.59 0.86 0.02 

Point 2 

Point 3 
BG 0.92 3.91 15.34 
CI 2.09 0.34 0.04 
BC 3.46 0.65 0.06 
AC 5.39 0.84 0.07 

Mn Fe Ni Total 

Point 4 

-- 

Point 5 
RG 1.86 3.02 17.33 25.23 37.99 39.46 2.91 3.91 
Ci 2.14 0.43 0.03 0.40 7.01 0.05 66.27 0.84 
BC 3.55 0.80 0.04 0.06 10.24 0.07 85.15 1.07 
AC 5.54 1.04 0.04 0.06 9.37 0.07 78.75 1.09 95.95. 

point 6 
BG 1.39 1.39 17.79 25.58 55.13 37.98 3.68 4.05 
Ci 200 0.43 0.02 0.03 7.10 0.05 66.11 0.95 
BC 3.32 0.82 0.04 0.05 10.51 0.07 85.05 1.21 

- 
AC 5.18 1.05 0.04 0.04 9.61 0.07 78.54 1.23 

- - 
Point 7 

BG 0.70 1.39 17.29 24.77 35.86 41.33 5.03 4.71 
CI 2.16 0.38 0.03 0.04 6.96 0.05 66.29 0.89 
BC 3.57 0.71 0.04 0.06 10.18 0.06 85.27 1.13 
AC 5.57 0.91 0.04 0.06 9.31 0.06 78.75 1 95.86 

Point 8 
BG 1.39 4.18 17.22 24.89 30.27 43.04 4.45 3.99 
CI 2.26 0.33 0.03 0.04 7.14 0.05 66.23 0.91 
BC 3.74 0.63 0.04 0.06 10.43 0.07 85.20 1.15 
AC 5.83 0.81 0.04 0.06 9.55 0.07 78.72 1.17 96.25 - 

Av. Conip. 
SD 0.09 0.05 0.01 0.01 0.09 0.00 0.65 0.04 

- 
BG: Background 
CI: Metal% 
BC: as oxide 
AC: Oxide with all corre!ations 
SD : Standard deviation 
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Figure 9. Variation of Co with Mn in the 1ateritic.serpentine samples. 



Figure 10. Relative concentrationc of Ni, Co and Cr in the lateritic serperitinc samples. 
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0 In the case of lead there is a severe dearth of data. ZeissinkZ3 has reported lead 

contents of 6 and 9 ppm for the Greenvale and Rockhampton serpentinite bodies 
respectively. In this study, the lead contents varied from 0-7 ppm. 

4.6 Zirconium 

The available data on zirconium on serkntinites indicate a paucity of the element. 
Hahn-Weinlleimer and RostE and Faust and Fahey1o repofted values of 2 pprn 
whereas ZeissinkZ3 reported a mirch higher vawe of 84 ppm Zr. ThisJwork shows a 
maximum of 10 ppm Zr for ' th  Udzl Wahwe s-ntinite and since no zircon was 

, identified in the samples, it is presumed that Zr is associated with Ti. 

Tropical rain forests which cover nearly 23 million km2 of the eartrs surface lie 
mainly in the Iirdonesia-S.E Asia region and West Central Africa, Amazon Basis- 
South Cetrtrztl America region and a few others. The mineral potential of these 
areas is :probably as large as that of equivalent geological areas in other climatic 
environments. However, very little exploration work has been carried out in these 
regions and the techniques for finding new mineral deposits in these ateas are still in a 

r, 

primitive stage of development. This case study on the Uda Walawe serpentbite of 
Sri Lanka-a country which has very little sizeable metal.baring deposits, illu~waks 
the mineral potential of such lateritized regions in the txopks. 

The Uda Walawe serpentinite demonstrates the need for much more detailed studies 
on the economic evaluation of the serpentinites of Sri Lanka. 
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