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Metal enrichment in bauxites by deposition of
chemically mature aeolian dust
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Mass-balance equations applied to chemical analyses of a bauxite weathering profile in Western Austrafia show guantitatively
that the ore-grade enrichment of aluminium is due to accumulation of aeolian dust derived elsewhere from chemically
mature soils. This finding challenges the prevalent view of bauxite genesis by simple in situ residual enrichment and suggesis
that regional dust trajectories may serve as a genetic link between laterites, bauxites, heavy mineral beach sands, and

clay-enriched marine sedimerts.

SINCE 1846, when Charles Darwin recognized the importance
of atmospheric transport of land-derived dust to long-term
offshore marine sedimentation', there has been a growing aware-
ness of the importance of dust deflation, transport and deposi-
tion over geological timescales®®. Dust deposition has been
implicated in many surficial processes including evoiution of
fandscapes in desert marginal lands®, development of duricrusts
such as calcrete layers by CaCO, influx to form caliche®™”, loess
formation® and significant transfer of elements from continents
to the oceans’.

Ferrugenous laterites and bauxites are widespread soils of
considerable economic importance, serving both as mineable
sources of Ni, Co, Al and Au and as nutrient-limited but inten-
sively used agricultural lands®. For over a century, the origin of
these soils has been debated, with arguments resting largely on
stratigraphic, topographic and mineralogical observations. What
is needed to resolve this debate, and to investigate the problem
of continenial weathering in general, is a means to evaluate the
role in weathering profile development of dissolution, strain
{volume decrease or increase), reprecipitation and vertical
infiitration of detritus from external sources.

We have recently shown that a simple mass-balance approach
can offer such quantitative information about the genesis of
shallow supergene enrichment of Cu and Ni in laterites'™'" and
Al, Fe and Pb in podzois’’. To test this approach in other
weathering environments, we selected a well-studied, essentially
‘classic” bauxite locality in the Dariing Range of Western Aus-
tralia'®*® positioned along a well-known regional dust
trajectory’®.

The present dust trajectories in Australia extend both west-
ward and eastward from the arid continental imerior towards
adjoining Indian and Pacific Oceans. On both sides of the
continent, marine sediments are dramatically enriched in
Kaolinite within tongues extending thousands of km offshore'
(Fig. 1a}. In Western Australia the trajectory of easterly winds
blowing offshore is aligned with the onshore desert sand-dune
trend®. Although the major dust trajectory is towards the west,
the wind pattern affords ample opportunity for transmigration,
that is, back and forth movement. In summer, strong east to
west winds carry windborne dust from the desert regions of the
Yilgarn Craton to the coast. In winter, on the other hand,
onshore westerly winds coming from the ocean to the south-
west bring the bulk of present-day rainfall and salts, which are
carried well into the interior basins of southwest Australia'®
(Fig. 1a).

Bauxite weathering profiles are particularly useful for dust
deposition analysis as their surfaces are often covered by coarse
pisolites and hence may be stable to wind erosion, though much

dust may blow across them with little net deflatiorn’. The migra-
tory dust path can be evaluated by determining the mineralogy
of the weathering suite i each zone and ascertaining the pres-
ence of stable mineral detritus transported from external surficial
deposits. Implementing this apparently simple strategy necessi-
iates separation of chemical and mineralogical enrichments
owing to several different processes: (1) residual enrichment of
chemically inert species simply by in sity concentration during
removal of more soluble mobile species, (2) enrichment due to
deformation, that is volume change, and (3) actual introduction
of exotic minerals, as dust from external sources, cither nearby
or distant. Analysis of these effects requires field description,
petrographic {microscopic) examination, chemical analyses, and
determination of physical properties such as density to imple-
ment, a relevant mass-balance model yielding chemical gains
and losses in a well-characterized parent material'®!'",

Jarrahdale bauxite depesit

In appiying our analytical techniques we have chosen a metaso-
matic system which, because of the homogeneity of the parent
material, offers ideal opportunities for vielding unambiguous
and accurate interpretation of surficial metasomatic processes.
For this study, we report results from the Jarrahdale bauxite
deposit in the Darling Range of Western Australia, which has
developed on the Archaean Yilgarn craton consisting of
gaeisses, greensiones and granitic rocks (Fig. 15). The weather-
ing profile is pedogenically difierentiated into five zones, which
from bottom 10 top are: granodiorite parent material, saprolite,
biocky hardcap, massive hardecap, and pisolitic gravel (Fig. 2).
Micromorphology of bauxite. Petrographic examination of hard-
cap samples revealed a striking geopetal [abric (Fig. 3q, b). This
presents clear evidence of the introduction of fine-grained
mineral grains from above and subsequent grain sedimentation
in voids. Crescentic microsedimentary layers consisting largely
of gibbsite, kaolinite and iron oxides occur, each with a con-
sistent concave upward orientation similar to clay structures
resuiting from transiocation in argillic horizons of common
soils! 7%,

Continued pore-space evolution by progressive infilling and
development of new voids are manifested in upward increase
in the radius of curvature of microsedimentary structures within
each void as well as by sedimentary unconformities produced
by new void formation (Fig. 3a). Such features show that trans-
location of fine-grained mineral grains is a dominant feature of
the fabric of the hardcaps. This being so, one must ask how
much of the aluminivm and iron enrichment so characteristic
of bauxites in general is due to influx of ferruginous and
aluminous minerals from external sources,
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Fig. 1 2, Westward and eastward dust trajeciories extending from
the arid interior of Australia to the Indian and Pacific Oceans
{from Pye’ and Windom'). Katolinite-rich marine sedimenis
extend along the dust trajectories. Shoreline heavy-mineral beach
deposits are shown as black dots. b, Locanon of the Jarrahdale
bauxite deposit in the Darling Range of Western Australia adjacent
the Darling Range Fault. The sampling locality is the same deep
railroad cutting as studied in detail by Sadleir and Gilkes™ and
compareéd with other world-class baux:te deposits elsewhere in
northern Austrakia at Weipa and Gove'’. Regions of active ferro-
lysis and surficial heavy-metal remobmzauon occur immediately
east of the bauxites where acid saline lakes and groundwater are
prevatent’®, Granulite terrains are from Vallance®

Chemical and mechanical processes

A chemically immobile element must be identified with which
to gauge the gains and losses of other, more mechanically and
chemicaily mobile elements, and with which to calculate strain'’
In these bauxites there are two possibilities: Zr and Ti. We fmd
however, that as well as being residuaily concentrated, both of
these elements have themselves been introduced into the profile
as zircon and rutile. As key stable minerals, the extent of Zr
and Ti enrichment by introduction must be determined before
introduction of other elements can be studied.

Depth of zircon znd rutile translecation. We prepared concen-
trates of zircon and rutile from each sample by dissoiving away
more abundant minerals with a weak HF and aqua regia leach
soiution. By leaching samples without crushing, we retazined the
original size and morphology of these accessory minerals, which
were resistant to acid attack. Rutile grains were invariably highty
rounded and restricted to a near-surface zone extending from
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Fig. 2 Weathering profile in exposed railroad cuiting through
Craiges Ridge, 0.7 km southwest of the Aicoa no. 2 mine site. A
totai of 23 samples (1129-1 to 1129-23) were taken as shown.
Symbols represent sampie type: bedrock (B}, saprolites (4 ), hard-
cap ¢[1) and pisolites (4}, Quantitative modal petrography of the
granite protolith (samples 1-4) was determined by computer-
assisted line integration with a digitizing microscope'®. The average
mode of the granodiorite consists of 52% plagioclase, 32% quanz,
10% microline and 3% biotite. The remaining 3% consists of the
igneous accessory minerals, sphene, magnetite, apatite and zircon
and alteration epidote, calcite and chlorite in decreasing order of
abundance. No rutile or anatase was identified. The overlying
saprolite becomes progressively richer in nodules and blocks of
hardcap in its upper portions. Above the hardcaps, pisolites become
progressively coarser upwards. Bedrock and hardcap were sampled
by hamwmer and chisel while soils were samples with a hand-held
piston coring device from which undistributed soil cores 48 mm
in diameter and 77 mm in length were taken and recovered inside
dutrable plastic tubes, During seoil sampling no compression of the
soils was observed, so that subsequent density measurements are
representative of the in-place soils.

the pisolites down through the blocky hardcap (Fig. 4a). No
rutiie was present in the parent granodiorite. The mean diameter,
maximum diameter and abundance of rutile grains decreased
consistently with depth as determined with the digitizing micro-
scope'”.

Two populations of zircon occur: colourless, well-rounded
grains occurring only in the pisolitic zone, and cloudy, perfectly
euhedral and zoned grains ubiquitous in the profile and clearly
derived from weathering of the granodiorite. The average zircon
grain diameter decreased with depth to the base of the hardcap,
but then abruptly increased in the upper saprolite to a stable
value similar to that of the granodiorite (Fig. 4b). We interpret
the rutile and zircon grain size, morphology and abundance
profiles above the base of the hardcap as resulting principaity
from translocation of rounded rutile and zircon downward from
the surface.
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Pore size restrictions: & porous media sieve, By determining the
average pore diameter in stained epoxy-impregnated thin sec-
tions we have shown that pore diameter decreases with depth
(Fig. 4c). The depth of translocation is therefore governed by
the relative sizes of translocated grains and the diameter, shape
and tortuosity of pore structures encountered during passage
through tie bauxite. We conclude that rutile and zircon translo-
cation is limited by pore size, which in turn is controlied by the
extent of pore infilling by Al and Fe compounds and comtinued
void formation by eucalyptus tree roots. The bauxite profile has
clearly behaved as a porous media sieve that tends 10 trap
infiltrating exotic and neoformed mineral grains, producing a
grain-size sorting effect.

Separation of fractionation precesses

Here, p stands for properties of the parent materiai or protolith,
residual increase in concentration of chemically immobile ele-
ments, {2) internal collapse or strain, and (3) transiocation of
exotic prains can each be quantitatively assessed'™''. Zr is deter-
mined by X-ray Auorescence and other metals investigated were
determined by flame or flameless atomic absorption spec-
{rOSCopy.

Resigual enrichment. Using constitutive mass-balance equations
relating chemical concentration to density and volume of
weathering zones, we have demonstrated previously'™!' the
utility of expressing metasomatic changes in terms of the ratio
of the concentration of a given element (i} in a weathered sampie
(Ci} to the concentration in the parent material (C, ). This
unitiess fractionation factor, C, ./ Ci, is greater than unity for
enrichment, or less than unity for depietion of an element, i.
These fractionation factors for the two most important elements
in bauxite, Fe and Al, are shown in Fig. 5. We have shown that
in the absence of deformation and translocation effects, the
enrichment factor due to simple residual concentration is a
stmple function of density'":

Ciw/ Cig=pp/ 00 (D

. Here, p stands for properties of the parent material or protolith,
w for properties of the weathered material, and p is butk density.
Figure 5 shows the overail enrichment factor for each sample
with a symbol for each depth zone. The component of the overall
enrichment factor due to simple residual enrichment, given by
equation (1), is shown with a dashed line and accounts for only
a small fraction of the overall Fe and Al concentration, indicating
that translocation and strain must be :mportant,

Volumetric change (strain). Strain due to weathering, €., is
defined here in one dimension as the change in length divided
by the original length. If the vertical dimension of 2 representa-
tive volume of protolith before weathering is B, and after
weathering is B, the strain g, is simply (B, — B}/ B, In
addiiion it can be shown'' that strain can be related to the

fractionation factor:

Ciw 1

hW E_P. (W.__.__.) (2}
Ci,p Pw \Ejw +1

We determine the amount of chemical enrichment due to strain
by first applying our measurements on the depth of heavy
mineral translocation. Below this depth, any enrichment of Ti
and Zr in excess of residual enrichment is due to deformation,
as no evidence of dissolution or reprecipitation of rutile or zircon
exists.

The net strain due to weathering, €., is determined from
equation (2), which is a complete closed-system form of
equation (1)

Combined residual enrichmens and sirain. Figure 5 shows the
component of the overall enrichment factor (data points)
accounted for by strain and residual enrichment, using a solid
line based on equation (2). This function approximates the
whole-rock data much more closely than residual enrichment
alone {dashed line). But near the top of the profile, even this
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Fig. 3 Micromorphological features of blocky hardeap sample
{1129-12) shown in plane polarized light. All massive and blocky
hardeap samples of the bauxite profile were impregnated with
blug-coloured epoxy under vacuum in order to prepare thin
{30 wm} and ultra-thin (5 wm} sections so that delicate pore struc-
tures were preserved and could be measured. Partly (@) and com-
pietely (b} infilled pores with crescentic microclastic deposits
{films) of gibbsite, kaolinite and iron oxides filling voids within
biocky hardcap (sample 1129-12), The radius of curvarere of
geopetal infillings increases as pores decrease in size. A micro-
sedimentary unconformity is apparent in the lower right-hand side
of (a}.

combined function accounts for only a small part of the overall
enrichment; the remainder is due to open-system enrichment,
Open-systerm transport (7). To measure the addition or extraction
of material either by translocation or solute migration, equation
(2} can be expanded to

closed system  open system

{1 (2}
.,%,‘1:,{1‘1 ( ! ) 100 mi.inﬁux (3
Ci,p Puw Ei,w + 1 Ci.pprw )

where M, iqq,, 15 the mass of element i, added to an elementary
volume of vertical dimension B,,.

Translocation. Solving equation {3) for the mass influx, M, .qux
and dividing by the mass of element i contained initiailly in the
original parent interval, C; ,pB,, vields

i

100 M inftux _ Pw Ci,w
CpppB, 0, C

Tow (gt 1—1 (4)

g

where 1, is mass added to the unweathered closed system,
which is zero when there has been no transiocation. If 7 is
positive, an influx of material has occurred: if  has a value of
+5, for example, transiocation accounts for five times or 500%
the mass of element i, contained in the unweathered material.
If r is negative, material has left the system in suspension. The
minimum possible value of ris ~1.0 or ~100% for total deple-
tion. The utility of the wransport function, 7, is in recognizing
regions within the weathering profiles where elements have been
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Fig. 4 a, Distribution, relative abundance and size range of rutile with depth in the weathering profile. The average and maximum grain size

of rutile decreases with depth. Rutile is present only above the saprolite and is a transporied, exotic mineral, b, Distribution, abundance and

size range of zircon. The average grain size of zircon decreases to a depth of 2.5 m, below which the fine-grained, rounded and abraided exotic

variety no longer persists. ¢, Average diameter of pores in the hardcaps. There is an overall decrease from very large macropores in the pisolitic
zone to an absence of even pm-signal pores in the granodiorite bedrock.

added or removed {Fig. 5}. The pore fillings in the bauxite
hardcaps suggest that mass influx occurs by translocation of
mineral partictes rather than reprecipitation of solutes in sol-
ution, although microchemical precipitates occur as void
infillings (Fig. 3a). Near the top of the profile both Fe and Al
have been added to the sysiem, whercas near the saprolite-
bedrock interface small amounts of these elements have been
removed. One of the highest observed values of 7 is ~1,000%
for Fe, indicating that for each gram of Fe in the parent material
10 g has accumuiated. For Al, 7 approaches 300%, showing that
residual enrichment accounts for only a very small fraction of
the Al in the profile. Most is added by transtocation by Al-rich
detrital minerals formed by chemical weathering elsewhere, But
as the new transport function, +, is not indicative of the distance
of transport before influx of grains into the profile, the material
could be entirely allochthonous or, if derived more locally,
parautochthonous, or both. Figure 6 shows that a suite of other
elements have similarly been systematicaily introduced into the
top of the profile. This suite included Zr, Ti, V, Cr and Mo.
None of these eiements have local source regions (= 0) within
the profile.

External seurce of heavy metals

The particular suite of introduced metals (Fe, Al, Zr, Ti, Cr and
Mo} in combination with the lack .of any evidence of quartz
enrichment { v for Si is slightly negative, consistent with retention
of primary quartz) is indicative of a source material peculiarly
enriched in these elements and surprisingly deficient in quartz.
This enigma is resolved by considering specific surficial proces-
ses and bedrocks in the region immediately east (upwind) of
the bauxite studied (Fig. 1b). Here hydrogeochemical zoning
patterns in the Yilgam block have developed by shallow redistri-
bution of elements during weathering, including concentration
of Fe, Pb, U and Au®.

Saline seepages, salt lakes and playa systerns span >80% of
this region. High concentrations of Fe and Al have beén recog-
nized in acid saline groundwaters with pH < 4 through ferrolysis,
a process by which Fe®* is oxidized to Fe’* above the ground-
water table and precipitated as iron oxide with the liberation
of H (ref. 20):

4Fe** +6H,0 + O, = 4FeOOH+8H" (4)

The region of active ferrolysis is characterized by heavy-metal
remobilization, particularly those metals whose solution
chemistry is controlled by a change in oxidation state”, We
hypothesize that the regional source of the transported heavy.
metal suite contaminating the upper portions of Jarrahdale
bauxite profile are surficial laterite and ferricretes, deficient in

quariz but enrichted in rutile and zircon and metals due to intense
ferrolysis in Western Australia. The occurrence of granulite
grade” metamorphic rocks { Fig. 1b) containing orthopyroxene,
which is exceptionally susceptible 10 rapid low-temperature
oxidation to haematite and kaolinite™, suggests that regional
lithological factors may also contribute to ferrolysis (R. C.
Newtion, personal communication). The metallic elements, con-
centrated near the surface, may be transported as complex dust
and detrital primary minerals in the aeolian dust. Elsewhere,
for example in Nigeria, iron-oxide-rich dust blown southward
from the Sahara Desert has been implicated as a major additive
in soils™. Although aluminous weathering products such as
gibbsite and kaolinite are unquestionably developed in sitv by
hydrolysis reactions of feldspar, and chemically resistant heavy
minerals such as zircon are residually enriched as well, major
addition of detrital phases has occurred and dominates the
chemistry of the top the Jarrahdale bauxite profile. The high
porosity and pore structure of bauxites are ideal for transiocation
and are developed through continved pedoturbation by tree
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Fig. 5 Contributions of residual enrichment, strain and transtoca-
vion to enrichment of Fe {a) and Al {b) using Zr for strain
determination. Symbols indicate the horizons shown in Fig. 2.
Residual enrichment, represented by the dashed line, is simple
ppf P Most of the Fe and Al is introduced into the profile from
above. Depths shown are corrected for collapse. Zones where Zr
transiocation has been demonstrated arc assumed to have experi-
enced no strain,



MATURE VOL. 333 30 JUNE §988

ARTICLES 2
T ? T T ¥ T T T T N “ 5 ~ T & . 1 é T ¥ ‘ﬁ T 5
i
LI o s a8t . a8t L A . ¢
0 e ° g 1 B ¥ B 2 ¥ )
3
o b of 1 Fd 4B = HBe 4 F " e F % & 1 k% -
[:] a i -] f a L] P - 1-
£ 4 2 i L [ § [ )
R .
T AR % 1B i N o4 & L :
- b oL ! m Ag A ] v - & - . - - b o -
< s ° & i : & =¥ w # # !
£ f i 1
e o a 1 ¥ i L 9 n la !
8 o8 4 L 4 b 4 = 4 - 4 L 4k w
| 1 !
s @ ton l ® o » ®
i il
{ i
8.8 | B - = = -; - - o ~4 P - = -
1
Zr ppm T wt. % v o oppm Fe wt. % Al wt. R Gr ppm Mo ppm
L ) ! F S S S | 1 ! L I 3 1 i H 1 1 i | H L 1 3 )
oL #0500 0D 0.0 0% D 0.0 OB DU I0O 430 0D a.b »4 100 130 o.a toc.c w.o .0 100 Zea MO0 LE-] 20 aD &0
T L 1 1] 1 T T T T i 1 H T T T ¥
3 A, A i 0 . 4 T4 Y
N [ o o 44 st s : T Y
% o % e ¥ . ® 5 X ] et
-3 . [}
§ [0 E - - & ot - E - - 8 e fs . @ o - alm B " 11 & _.
) B a L3 : L] -] b
e A IS P sk 4t v
4 4 & a 4 -~ s - ot
g 40§ ] .. L. & o - & - - E oo -t Lt . L & i
B M : :
£ 1 o 8 ge . a 5!
o a [} ] 8 !l y
4 . - u.
o L E L 4 E: - - SN - - M . N
£ u a L] [ ] 3 . a b
: : ‘ ‘
b4 : | I
] a [ ) B L3 ] u ]
. sef 4 = 4+ J4 k- 4k IS 4k i
£
B
K] T g v b0 Le) T, 00 Er) Tv w88 Zr) T o adttIe) T g, 0det(Te) Torw.eNUZe Trio.w.a &2}
i i 1 1 i i i i L A X i ] | 1 i

wt g 2.0 L1 O 06 20 4D -200 04 200 400 -0 20

on mn on zbow o O% FOO0% 000

on 0% e00%

LI 2] it G0 e a6

¢n ot Kdva

-t oy AR

LT -0

-re o0 LX)

% Mo

Fig. & Variation in mechanical transport function, 7, with undeformed depth for Zr, Ti, V, Fe, Al, Cr and Mo, using Zr to calculate strain,

Effects of residual and deformational enrichment are taken into account. Vertical dotted line indicates zero transtocation. Positive values of

7 indicate addition to the profile; negative values, subtraction. AH of these elements have been added to the top of the profile. Al, Cr and Mo
have also been slightly removed from the bottom of the profite.

roots forming a network of channels and tubular voids which
provide access for surficial grains to the subsurface™. The
repiacement of lithostructure by pedostructure oceurs through
infilling of voids with exotic sediment. .
Dust depositien. During weathering, continued partial erosion
of bauxite and laterite profiles supplies a pre-enriched material
for subsequent transport and recycling of these stabie and resis-
tant mineral species 1o adjacent regions to the west. The resultant
chemical enrichment is in fact largely mechanical at the site of
deposition. Besides weak residual and volumetric enrichment,
fractionation occurs by translocation and porous media sieving,
as grain-size sorting is affected by progressive impedance of
grains by pore restrictions. The exotic material added to bauxites
are mature detrital grains that have been released from their
previous surficial position. Hence they are largely unreactive
within their new environment and may persist indefinitely
without madification until later released by abrasion or erosion,
We therefore view bauxite genesis as a continuing cumulative
fractionation process involving dust migration, with eclectic
grain mixtures developing along the dust trajectory by temporary
storage in the shaliow subsurface. Although cumulative soil
formation involving addition of detrital parent material during
weathering is not a new idea'®%***_ for instance allochthonous
karst bauxite development on limestones in the Mediter-
ranean®®’, this is the first conclusive proof that addition of
aeolian material perhaps in combination with parautochthous
enrichment products can be a major factor in the genesis of true
bauxites occurring along a regional dust trajectory.
Mineralogical anemalies. With this conclusion we can reconcile
mineralogical anomalies previously recognized by Grubb™ with
the simple residual bauxitization of granitic bedrock proposed
earlier’®3* by in situ ransformation involving extreme frac-
tionation by chemical selectivity’. Within the upper portions

of numerous profiles in the Darling Range a distinctive, abraded
heavy-mineral suite consisting of zircon, rutile and ilmenite,
each of several varieties, was interpreted by Grubb®® to be largely
exotic in origin as many laterites contained components not
found in the bedrock. Grubb attributed this detrital suite 1o
residual weathering of a composite parent material consisting
of a coarse feldspathic fluviatile mantle of sediments inferred
1o have once overiain the Archaean granite bedrock. Sadieir
and Gitkes'* criticized this hypothesis, and demonstrated that
bauxite mineraiogy varied with underlying bedrock lithology of
gneisses and basaltic dikes. They also cited the absence of any
fresh rock at the base of the profiles Grubb™ studied as being
another deficiency in his interpretation. They consequently con-
cluded that the bauxite was a residual product of weathering,
but they failed to resolve the origin of the abraded heavy-mineral
suite. Glassford and Killigrew”® argued that desert conditions
once existed throughout the southwest of Australia. Davy®
conciuded subsequently that windbiown minerals would there-
fore be expected over this expansive region, but stated that the
origins of the exotic accessory minerals and the means of their
incorporation into the caprock had not been clearly identified.
We show that the only weathering process consistent with intes-
pretation of the new chemical, physical and microtextural data
is that, rather than derivation from the inferred sedimentary
mantle for which there is little geological evidence, the abraded
mineral suite and, surprisingly, the major portion of the Al and
Fe were introduced into the top of the bauxite profiles by
widespread aeolian activity (Fig. la). Unlike iocal residual
enrichment, which we show to be a minor factor, transiocation
of minerals of either allochthonous or parautochihonous origin
can produce large detrital enrichment f{actors not only for
accessory minerals but also for major ore-forming minerals such
as kaoliniie and gibbsite.
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Association of bauxites and heavy-mineral beach sznds. As
kaolinite is only one of the characteristic secondary minerals
enriched by intense chiemical weathering, chemically resistant
primary mineral grains concentrated by chemical weathering
must similarly be transporied westwards from the continental
interior, though not necessarily the same distance as kaolinite,
If the entire mixed-weathering mineral suite consisting of stable,
chemically mature minerals becomes airborne, then the denser,
coarser detritus may be deposited onshore in a closer subaerial
environment than the offshore accumulation of kaolinite (Fig.
la). We base this inference on the surficial deposits observed
along the dust trajectory, each of which contains both primary

and secondary mineral grains that are refatively stable with .

respect to chemical weathering. The east-west sequence (Fig,
15} consists of laterite and ferricrete duricrust regions within
closed acid saline basins®?"* nearby proximal bauxite
deposits in the Darling Range'*'®, shoreline beach deposits
enriched in detrital heavy minerals including zircon and
rutile”"*?, and finally distal offshore submarine pelagic sedi-
ments enriched in kaolinite’. We postuiate that the surficial
deposits in this sequence are genetically reiated and result from
progressive mechanical fractionation and selective deposition
of the acolian mineral population. Because of their high porosity
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the upper portions of bauxite and laterite weathering profiles
along the trajectory may be temporary, though long-lived,
repositories for airborne dust derived from source regions
toward the east, therefore offering practical means of sampling
long-term dust deposits. This conclusion leads us to look globally
atthe distribution of large bauxite and laterite deposits occurting
at tectonically stable continental margins (Australia, Ghana,
Guinea and Sierra Leone in West Africa and India) where
world-class heavy-mineral (rutile, zircon, monazite) shoreline
deposits occur®"*, and to infer that major offshore dust trajec-
tories, in combination with fluviatile systems, control migra-
tion paths and fractionation of mature mineral suites on their
long-term passage (o the sea. Efficient cumulative enrichment
nvolving continental weathering occurs by a combination of
stripping apparently older surficial debris, its acolian trans-
port, and entrapment in more humid coastal environments after
derivation from an almost infinite source region undergoing
aridification.
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