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CONTROL OF THE DISTRIBUTION OF Mn, Co, Zn, Cr, Zr, Ti AND
REE DURING THE EVOLUTION OF LATERITIC WEATHERING /
COVERS ABOVE ULTRAMAFI~ ROCK COMPLEXES

Marker, A.
Instituto de Geociencias, UFBa, Salvador, Brazil
Friedrich, G.
Institut fUr Minera},ggie & Lagerstiittenlehre, RWTH Aachen, FRG
Carvalho, A. / .
Melf i, A. "
Instituto de Geociencias, USP, Sao Paulo, Brazil

Lateritic weathering covers above ultramafic rock
complexes can be subdivided into autochthonous and
semiautochthonous weathering horizons. The latter are
constituded of a mixture of (a) autochthonous, Fe-Cr­
rich limonitic material derived from ultramafic rocks and
(b) Al-Si-Ti-Zr-rich weathering riIaterial derived from
spatialy associated sialic rocks (MARKER, 1988). Al­
though generally neglected and often difficult to identify,
such polygenetic weathering covers are abundant above
ultramafic rocks worldwide, as recently reported by
SCHELMMAN (1989). They CaD. be expected above
various types of bedrock and may be responsible for the
occurrence of highly unusual element distribution pat­
terns in the lateritic environment.

Serpentinized dunites and peridotites of Las Buenas
and Olympic Mines in ophiolitic belts of the Philippines
and serpentinized dunites of the Jacupiranga Alkaline
Complex in Brazil are overlain by Fe-rich limonitic
laterites of the latosol type, grading towards the bottom
int o a saprolite zone. Semiautochthonous laterite
horizons, which constitute the top portion of these
laterites, generally accumulate in morphological depres­
sions, which in Brazil and the Philippines are related to
the formation of peridotite karst.

Profile development and element distribuction are
controlled by (a) autochthounous weathering processes,
(b) formation parameters of the semiautochthonous
laterite and its (c) podsolic or lateritic superimposition.

In the upper saprolite, Cr, Mn, Co and Zn are subject
to mobilization and depletion (figure). The considerable
depletion of silicate-bound Cr during initial weathering
is of high importance, since this element is often used as
an internal standard for mass balance calculations. In
this study, mass balances have been calculated by using
unweathered chrome-spinels as internal reference.
While Cr remains depleted throughout the pr(,~le, Co
and Zn are newly enriched in the zone of Ni-silicate
formation in the upper saprolite. Mn and Co show dis­
tinct enrichment in the autochthonous lower limonitic
zone, where they occur in t he form of mon­
stoichiometric manganese oxides like asbolite. Thes e
mineral phases act as sinks for Ce and other RpES
which may anomalously be concentrated in this zone.
The enrichment of Mn, Zn and Co results from their
mobilization in upper profile parts and subsequent

downward migration. Since mass balance calculations
indicate Mn and Co excess, lateral supply and mobiliza­
tion from already eroded profile portions are likely
(GOLIGHTLY, 1981).

In the semiautochthonous laterite horizon, the low
contents of "ultramafic" elements like Cr, Mn, Co and
Zn are not only caused by the above mentioned deple­
tion. In the first place they result from dilution by "sialic"
A-Si-Ti-Zr-REE-rich weathering material, which has
been suplied by colluvial transport. In the semi-autoch­
thonou laterite, Zr- and Ti-contents characteristically
increase towards the profile top. Both elements show
enrichment factors relative to the source rock of > > 10,
indicating absolute mechanical supply from sialic
lithologies rather than in-situ lateritization, as also con­
firmed by SCHELLMANN (1989). The upward increase
of these elements coincides well with increasing contents
of zircon, ilmenite, rutile and Ti-magnetite in the heavy
mineral (HM) fraction and of Al and Si in the Bulk
weathering material, while the chrome-spinel contents
increase towards the bottom, thus controlling the dis­
tribution of Cr in the semiautochthonous laterite. This
fact is explained by increasing supply of sialic material
during later stages of the formation of the semiautoch-

"thonous laterite. Sialic material is derived from veins and
dikes of gabbroic and leucocrate composition, wich are
abundant in"the ultramafic. Less intensive weathering
and desintegration of sialic rocks in comparison to
ultramafics results in later erosion and deposition of
their weathering products in the semiautochthonous
laterite (Marker, 1988). While Ti and Zr in the heavy
minerals remain essentially immobile in this horizon, Ce
and other REEs become mobilized during lateritic/pod­
solie superposition of the semiautochthonous laterite
and migrate downward into the autochthonous laterite
bound to Mn-colloids. Under rising pH-conditions, they
precipitate together with Mn-oxides. The enrichment of
Ce and other REEs is very significant in the area of the
Jacupiranga Alkaline Complex, where secondary Mn­
phases may contain more than 16 wt-% CeoBesides Ce,
the heavy REEs Yb and Lu are slightly enriched in
relation to the intermediate REEs and thus show a
distinct fractionation in relation to alkaline and
peralkaline rocks, which constitute the source for the
REE.
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Drainage and geomorphology control the spatial dis­
tribution of the elements in the weathering cover. Due Lo
higher mobility, Mil, Co and REE migrate along the
topographical gradient within the basin structures and
accumulate in the basin floors, where drainage is tem­
porarily impeded and concentration of the solutions is
high. In Jacupiranga, zones of restricted drainage above
silcrete layers, which serve as geochemical barriers for
downward migrationg solutions, result in enhanced for­
mation of Mn-oxides which trap REE. Thus, as the
example of the Jacupiranga Alkaline Complex shows,
REE anomalies in laterites can be expected in geological
settings, where Mn-rich ultramafic and REE-rich
alkaline rocks are intimately associated and thick semi­
autochthonous laterites With high allochthonous sialic

proportions have developed. Furthermore, morphologi­
cal traps like peridotite kars t structures favour ac­
cumulation of REE, Mn and Co.
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Distribution and behavi~ur of Mn, Co, Cr, Zn, Ti, Zr and Ce in lateritic weathering covers overlying ult ramafic rock
complexes in function of geochemical parameters and sedimentological processes; mass balance calculation bas~ on
chrome-spinel contents as intern al reference; length of arrows approximately corresponds to degree of depletion/
enrichment.
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