Mineralogical Appraisal of Sediments of Duricrust Suites and Pans around Jwaneng
Area, Botswana

“ATLHOPHENG., JULIUS R; ‘GEORGES-IVO E. EKOSSE
1. Deparmment of Environmental Science, Lniversity of Baiswana, Private Bag UBOT04
Gaborone
1. Geology, Mining and Minerals Programs, University of Limpape, P/B X110 Sovange, 0727 Souwth Africa

ABSTRACT: A mineralogical investization of duricoast suites i Letthakeng valley, and five pans around
Iwanenp m Botswana was undertaken in order to koow the mineral assemblages and mfer on their landscape
formaton In Latthakeng, dumousts comprised caloretes, silcretes and ferricretes. Caloretes were dominated by the
mimerals: calcrte, guartz and to a lesser extent dolomite. Silcrete minstalogy was dominated by quartz. opal, and
some porurmences of palygorskite, microcline and rutile. The intermediate forms of cal-sileretes yielded quartz,
muscovite, and kaolimite. Femricretes oconmed on an area of the valley capping, with miperals domimated by
goethite and hasmante The indurates are balieved to have besn formed through groundwater mechanisms. The
general lowening of the valley, led fo precipitation of the duncrusts. The pans were dommated by calcrete and
silcrete goly. The calcretes mineralogy was mainly calcite, dolomite and guartz. [lite-monimerillonite and
sepinllite were also present. Sapples of pan clay floor, ether than being dommated by calcite, dolomite and quartz,
also had sepiollite ferrian Pans and valleys are accumulaton sites, with polyzenetic modes of zenesis. The
duricrizsts have undergone several alterations throughout time. @TASEM

Caleretes, silerstes and femcretes are principal
materials constituting dwierusts suites and pans.
They are distinguizhed from one another bv thew
mineralogy and modss of formation, and could
sometimes have economic bearmps. Most of the
minerals are secondary and do affect landscape
topography. Caleretes are found on the near surfaces
and composed of CaCly varying from powdery to
nodular highly indurated form (Wright and Tucker,
19913, It could be formed from aither proundwater or
pedogenetic activities. The non-pedogenetic calerets
may be known as groundwater, phreatic, valley or
channel caleretes, with zll of them relating to
movement of sub-smface water, which could be

lacustrine (pans) rivenne or from water fable. The
processes often overlap in the natwal envivonment.
Sileretes may form predemuinantdy from esither surface
or groundwater sources (Ollier, 1978). The silerets
may form as monesilicie acid, a collowd n pervieus
sadiment or m weathered rock. Thus chemical
weathering of silicate rocks 15 an important sowrce of
silerete formation, so can solution of quariz dust. The
cementing agent {zilica) mav be transported sither
laterally or vertically in groundwater, pors water and
surface water. In arnid environments, sihca dizsolved
in water probably onginated as quartz or silicates,
mainly clays.

o n st

Fig 1: Map of Botswana showing sampling areas



Fermicretes, having the minerzls goethite, haematits,
femhydrite, lepidocroctte and maghsmite ccour n
natire, under varving environmental conditions. Fa
mobilization 13 normally associated with wetter
condittons than calersts or silerste. The formation of
ferricretes may be related to landscape dynamics ez
etching, down wasting and relief mversion. As such
ferricretes have been uwsed as morphostratizraphic
markers (relative dating) — as has bean for calerates
and sileretes (Young et al 1996; Twidale and
Bourne, 19938; Taylor and Heward, 199%; Twidals,
2002; Watchman and Twidale, 2002}, All the thres
duriernsts suites formations may be aidad by mucro-
organizms. In fermierste formation the microbes mav
rework (dizsolutton and reprecipitation) mdurates
resulting m a younger sotopic age of the Fe suites
(Yapp, 2000).

In Botswana, due to its and to semi and climate,
duricrusts deminate the topography especially closa

to the hinges of the Kalahan Desert. Although saveral

mineralogy of sediments of durierusts suites and pans
cloze to the countrv’s well known Kalahari Desert te
infer on their formation.

MATERIALS AND METHODS

Sediment samples were obtained from fossil valleys
znd pans around the Jwaneng area, Botswana
(Figures | and 2). The pans had variable associated
landforms, namely lunetts dunes. The location of the
dunes tended to be on the south to south-west,
imferrmg formative wind was from north fo north-
east. Ten samples were from Latlhakeng Fossil
Valley ome (%24° 07.132°; E25" 07.632" and 524°
08.166" ; E23° 09005 and two samples from
Letlhakeng Foszil Valley two (524° 09701 ; E25°
04.87%"). Eleven zamples were cbtamesd from the
Sese pan (524° 38.997; E 24° 48.825"), nine samples
from Sekoma pan (524" 30.814°; E23" 53 508", two
samples from Keng pan (524° 352407, E23°
449187, twe samples from Ehonkhwa pan (524°
33.724°; E23" 51.080) and two samples from

duricrusts suites and pans exist in Botswana, no Ehakhea pan (524" 41.937; E23° 29357
known minerzlogical investigation has been camied
out on them. This study therefore atfempts to use
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Fig 2: Base gecmorphological map of the study arez

H-ray powder diffractometry was the technigus

emploved m identifying the sampled sediments Prior to

samples,

they

pressure, and later scanned in the XFEPD squipment.
mounting of the

TWETS

Samples for M-rav powder diffractomeatry tests wera
mounted on the sample holder with wvery littls
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pulvenzed 1 a Saib Mill to change ther physical
state from mdurated hard matenal to fine powdery



substance. The minerals m the samples ware
identifiad wsing a Phulips PW 3710 EEPD X-rav
diffractometer svstem, operated at 40kV and 43 mA,
havmmg a Cu-E; radiaton and a  graphis
meonochromator. A PW 1877 Auwtomated Powder
Diffraction, XTPERT Data Collector softwars
package was usad for the capturing of raw datz, and a
Philips XTPERT Graphies & Identify software
package for qualitative identfication of the mmerals
from both the datz and patterms cbtamed by scanning

at a speed of 19 26/ mun. Samples were scanned from

2% 28 to T0° 28, The iterpreted results were
compared with data and patterms available m the
Mineral Powder Diffiaction File, datz bock
(International Center for Difftaction Data (ICDD)
(20017,

RESULTS AND DISCUSSION

Minerals identificarion: The results obtamed by
HEPD analyses are briefly presented in accordance
with the different areas from which the samples wars
cbtained. Represantative diffretograms from Sesi and

Sekoma samples are given m Figures 3 and 4
respectivelv. The samples from the Latlhakeng Fossil
valley one were identified as silerete, nodular silerete,
siliceous conglomerate, hard floor pan calerets, and
femricrete. The silerete consisted of guartz (510:),
caleite (CaCOy), Ca rich albite ((MNa, Ca)ALSLATO,)

and montmerillonite-154
(Caga(Al Mz).5,0,(0H)L*4H,0). Quatz,  epal
(510, *¥xH,0), and palygorskite
(Mza(5 AlO(0OH):*8H0)  were  formed  the
nodular  stlerete.  The =aliceous  conglomerats
comprized quariz, opal, calate,  delomite

(CaMz(COyg)s, and rutile (T10;). The hard floor pan
caleerte was composed of calette and quartz; and the
ferricrete consited of goethite (F2™0(OH), hematite
(Fes0y), guartz and microcline (KAlS1:0g). The
Letlhakenz Fossil vallev two samples were silerets
and calerats. The silerste was made of ouarts,
kaclinite (ALS1000H) and mmscoviie
(KALS1A10(OH),): and the calerste consisted of
calcite and guartz.
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Fig 3: X-ray diffractogram of representative sampla from Sese Pan () = quartz, A = ankerite and C = calcite)

The Seze Pan sample: were principally calerstic and
they all contained caleite and quartz. Samples 7, 8
and 9 also had ankerite (Ca(Fe™ MzW(CO5);). The
Sekoma Fan samples were calerstic with calcits
being domunant in all the samples except for cns
sample (SEK 2); and gquartz was present m all the
samples except sampla SEK 9 Dolomite was a major
mmeral consttuent mn sample SEK 2, and a2 miner
mineral constitusnt m samples SEK 4 and 3EK 6.
ite-mentmorillonite (FALESL AL OH)e*4H0)
was identified m samples SEK 1, 5EK 4, 5EK 5 and
SEK 6. The pan calerete and clayey material from the
pan floor were the two foypes of samples from the
Eenz Pan, KEhonkhwa Pan and Ehakhea Pan. The
calerete sampls from Kheng Pan had calcits, quartz
and sepiolite (MEyS10,0HRL*6H0); and the
clayey materizl consisted of caleite, dolomite, quartz
and sepiolite. Both the calerete and clavey material

from the Ehonkbhwa pan consisted of caloite,
dolomite, quartz and sepiolite. Calcrete from
Khakhea Pan comprised caleite and dolomite; and the
clayey  material  had quartz and
meontmorillonite.

caleite,

Calcretization aof sediments of rhe duricrusr suites
and pans: Calerets 15 dommantly present in the study
area. The securrence of calerste and its assoelated
landforms has been disenssed m ralation to fossil
vallews (Mash er al, 199%4) and also mm pans
(Wettterberz  1978). The polvgenetic natwe of
calerste 15 best appreciatad when erosion, dizselution
and recrvstallization are noted to be at the core of the
calerste formations. Caleretes are typified by caleits
minerals, and the ubiquitous quartz. Some of the
matenial suspected to be calerete, alzo has dolomats,



which 13 better explained n term: of mors

evaporative conditions.

Caleretes may vary i chemical composition from
these with delemute; the presence of clays and may
be polyzenstic, resulting n admixture of calerets
types as well as with silica Those with siliea
admpetures tend to be rezarded as sil-zaleretes
(Watson and Nash, 199%7). Caleretes could be
mebilized and precipitated, and affect landscape
evolution. The carbenate zource (diszolved) may be

derrved from: topographic highs and precipitate out
the low ends. With time_ this indurats would prove
resistant to erosion, and possibly end up as a capping,
hence the relief mwversion. The mobilization of
carbonate by groundwater or valley side processas, as
resistant blocks mav also lead to the same The
etching of the subtsmranean relisf with the arvea
covered by duricrust, resting as a capping, may ad
the zame process, of having calcrste mass as
cappings.
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Fig 4: X-ray difffactopram of represenfative sample from Sekoma Pan () = guariz and C = calcite)

Sileretization of sedimeniz of the duricrust suiter and
pans: The analvsed sileretes had quartz and opal. The
latter may form m more mature sileretes, hence older.
Silerate formation results from silica precipifating as
a result of pH diop, evaporation, as well as cocling
and organic processes. Sileretes mav alse form under
alkaline coudising condittons by the erystobalific-
trndymitic silica cement. At a micto scale four types
of sileretes mav be identified: grain supported fabnic
{quartzitic and conglomeratic silevetes) or fabries
with more than 40% silica cement and either
quarizose, chalcedonic or opaline (porcellanite and
terrazzo silerete). Sileretes tend to form through a
vartety of mechanizms; hence no smgls mode] 1=
umiversally acceptable (Watson and Wash, 19970
Thirv (1997} outlines details i climate, landscape
dvnamics, geochemistry and crystal growth as prvotal
to understanding of sileretes. Three silicification
proceszes  were  ouilmed: pedeogenmic  (climates
alteimate batween humid and dry, and 51 in sclution
when wet and precipitates when dirv); groundwater
silieifications (develop at depth, away from climatic
mmfluences, %1 moved m groundwater, silerates arze
dus to  groundwater lowermg after landscaps
dizsection, henecs the silicifications are diagnestic of
dizsectad terrain); and evaporate silicifications (dus
to mixtures of brine and frezh waters confaining 51,
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brmes greatly reduce %1 solubility, =leretes
dizznostic of restricted environments and and

climates) (Thuy, 1997

Ferricrerization of sediments of the duricrust suites
and pans: Ferricretes are the least abundant of the
dunicrusts in Botswana, They may be mamly found m
the eastern fringe of the country (Carmey et al, 1994
Despite ther limited ccowzence m the Kgalagadi
region, these occur on Letlhakeng vallev 1. Ancther
ccomrance has been noted at Lekwatsi Pan (WE of
Mochudi), Thomas and Shaw (15%91). Fermicretes
the Letlhakeng vzlley were deminated by goethits
and hematite minerals, as well as the quartz from the
sandy host maternial. Iron may have mugrated
downslope n former wetter and probably cocler
conditions than the present. The reverse relief model
of landscape evolunon would explan the ferricretes.
Calerete and silerets both believad to have svolved
through zroundwater mechanizms (Mash er al., 1994)
and the general vallew and Kalzhan development
considered to be depesitonzl rather than srosiomal
{Thomas and Shaw, 1991, the groundwater lowering
modsl of ferricrete formation at Latlhakenz may be
favoured. Landscape lowering of wvalley mmst have
led to Fa precipitating out, as groundwater subsided.
Fe oxide movement in soils or landscape may be due



to clay migration or surface ercsion; reduced or re-
dizzolved by complaxation with organic compounds
(Comell and Schwertmann, 1596).

The gosthite tends to form in asrobic and anaerchic
soils of all regions, while hematits 15 favoured m
aercbiz soils of sub-tropical, Mediterranean and
humid to sub-humid tropical regioms. Te form
goathite, Fe may be dermved from several Fa
compounds  includmg  silicates, carbonates amd
sulphides, after which ecoadation ceomrs. Goethits
may  alse form from the precursor mineral,
femihydrite (metastable). The high themmeodvnamic
stability of geoethite makes 1t one of the commonest
Fe oxide mmerals in soils (Comell and Schwertmann,
1996). Hematite has similar thermedynamic stability
azs goethite, but favours warmer climates. Hematite
rarely cccurs alome, but 13 associated with goethite
{Comell and Schwetmann, 1996).

Environmental iszues in the formation of sediments of
the duricrust suites and pans: Field relations of thesa
indurated materzals, was alse sought, o as to
establizh thewr chronological sequence of formation.
Mineralogical determmations of the vallevs and pans
have shown guartz to be the most sbundant mimeral.
The most occowming durierust is calerste. Silerets
tended to underlay the calerete, and the predeomuinmant
mineral bemng quartz, with some opal ocowrring only
i the Letlhakenz valley. Femdcretss wers
encowunterad only m Letlhakeng. The floor pan clav
samples had occasional occurrences of clay
minerals.

The Kalahar: seftmg duricrust formation 15 more of
the accumulation (e.z. sub-aenal processes), rather
than srosional (Thomas and Shaw, 1991) The
duricrusts may  follow precipitation gradisnt —
ferricrates in northern, with calerstes and sileretes
the Kalahari core. Indurates may also be associated
with landforms =z pans and drammage lmes. The
duriciusts may form through surface water ponding
and  groumdwater deap  weathering
mechanizms; =alts and organies. Several of the lateral
transfer models e z. lacustrme pan (high evaporation,
alternating pH within a pan or lake) and groundwater
models (fluctuation of water table, capillary frings
evaporation, and latera]l throughflow) may result
indurates forming (MNash er al., 1994). In Letlhakeng
valley, the duricrust formation has been linked to
groundwater flow beneath valley floors, m fonmer
times of high water tables.

systems;

Accordmz to Mash er al. (1994) =leretes 1
Letlhakengz are a result of dwect silica precipitation
and cementatton on a guartz host matenal, and not
paszsive raplacemesnt of pre-sxizting bedrock; and the
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caleretes have an anthigenic nedular to massive
micromorpholozy tvpical of groundwater caleretes.
The groundwater may be fresh, as mdicated by
freshowater bivalves m Letlhakeng (Mash er al., 1994)
and m the Kalahan beds of Matzhenz due to meteoric
water recharge (Molwalefha, 2001). The caleretes
and sileretes, may accuwnmlate through veid filling
(MWash er al., 1994) and the model of Molwaleths
(2001} advances scavenging of caleite, 5:0,, N, gas,
and the exchanger sites of Catma (releasze of Ma  to
solution) and Na'Mz™ (Wz' uptake by exchange
complex) to be associate with caleretisaton. The 1eal
environmental seting, 15 complex due o several
gecchemical pathways, changing endogemic and
exogenic  conditions, which could lead to
zeomorphological evelution of the durierusts.

In concludmg, fizld relations of the vanous durnicrasts
are noteworthy. The order of duricrust sequences iz
that of calerete, overlving silerete, in most of the pans
imvestigated. The wvarous pans have similar
mineralogy — they are dominated bv calcite, quartz
and delomute. The latter would indicate evaporative
condittons undar warm standing water envirenment
(Holmgren and Shaw, 1995). Calerste rims, typical of
the pans, tend to be dominated by the three minerals.
The silerste layer 1z mainly guartz. Samples from
Khakhea, Ehonkhwa, and Keng pans yielded mamly
caleite, cuartz and'or dolomite, with the clavey
material consisting of either monimonllonite-134 or
seprolite. Usually pans are assumed to contain a lot of
clay. The resultz here support those of Holmgren and
Shaw (1993) that what may be taken as pan floor
clay, could in reality be clay size matertal hke very
fine quartz and calcite.
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