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Hcal.y n:cbl clements corcenfiaiion stu$ hns b*m dctcnnined fmm soils
arrd uiling scdimcnts in laterite nickel post-mining trra il Motrd Bistrict
Southrrast Sulawesi. Thi* s{udy aimed to determine lhar conceiltration $f
some heavy nrctal clernenls" e*pccially Fo, Co" Mn and er, frort suriacc
soilt stdimcnts in waste dump sites and tailing sedinrcnts in settling pu&
frorn laterilie nickcl post+ninlng arenrl' A total of 2$ samples corsi*ting of,
18 soil sarnples ard L aiiing scdimsnls sampl*s u,cre systnmiically
collccted for &e study. Thc soil stmples frort the wast dump sitc profik
rucrc collected imm l laycn which wrxe divide d based on tlrr colour of thc
soils from top to bottern. narncly tr-ayer C, Lnyer D and Laycr E. Si-r soil
samplcs r+r-re taken f'rorn oacrh laycr rvith spacc trcnyslld each sample in onc
lsyrr was about 5{} 60 sn. T}re samplcs n'urc scnt to lhe labaratorv ard
anal,vscd using .ttomic rlbsorption Sprrcaomctcr (AAS) mcthod to
detemine {he conccntration of hrrary elernurts. Metal-bearing mircrals
detetcd from thc bcdrock consists oiehrmrifr., manganesc. magnctitc aild
liruonite uhich arc re+onsible I'or thc llr, Mn and Co, and Fe tonlclt,
rcspr--ctively, Thc n:sult showcd that Fc contcni .is significanrly higher in
sail samplcs Fonr Layer C ard tailing sedinrcnts with dark red to korvn in
coiour, ruggetting lhLr strong rclalion bctrten F'c cottcft and eoloul indcx.
Thc general eletrrent mobility trcnd shon'cd drat Mn and Co arc po*itiuely
corelated in soll sampling &orn all laycrs and tailirrg mmplcs" whert*s I'c
and Cr show a negative ervrclatiern trend in Layer L-" D and tailing
ssdimeals but poritively corn:lated in Laycr E.

.lt,ru'n;rl r,l I)l!ilii.rri ;r[l \lirinllnlhls\licii!!'r]Hlrrirll:;lll-il:tl-d0r:llii5l-i-i irilflrf lrllllj't: il:i

I n trodutlion orr luill ba conccntrated in a saprolilic layer above rhc
hedrock Typieally, there are four mrain la,vcrs in thc
htcritc nickel profile rvhich arc {fiom lower to thc
upper or surfare laycr) bedmct. saprolitc. limonite and
top mil (ovrrbutdcn) {Akane el al, 20fli. Surface
rnining is conducted to extract the upper laycr of
latrite roil froill the surlace or upper to tllq botiom
laycr.

ite niskul mining is surfacc rrT ining sincc thr niekel

Prxt-mining htcritc nickr:l areas are vidr:ly distribut*l
in Motui Disrrict Southeast Sriawesi" Thc urirring
actir.ities havc been calsing chang,:s in clement
cuftccmrnljon, soil compnetion. hydrodynaruics, md
gcochcm.isfy in soil* and tailings {Soltani ct *1.. !$l7l
Prcrrf,tury et al., ?0?0)" One of thr charactffirties of
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Surface nllning creates tailings and har a siglificanl
cfiviroffirental intpact on $urrounding aflla$ due k) ilr
rdativcly Srf,at volulnc of dre mattriai that. hac becn

nroved ( t-in ct aL, 10?5J. Posl+rining will lcavu tus,te-
ahandoned arca:i and rhanges in tnpography. tcading
to land degradaliofl. Degradatiot! ol Post-mining ftrcas

r,lill iscludc changts in soil slllrcturc aod incrffiscd
mrtal mobility (Aletatdre-Kwatcrczak and Heli{)s-

Rybicka. 2(89: Ftsrin et 41.. ?Olql; as rvslt as

concentraiions of ch$nicsl r:lcrtenls. It is repored ftat
elcnrcnls in miaing aud ou: processing cnusr: dilfercnt
changesi to th: cfivirffirndil {Larondel]rl and Ha"as*,

2012) and rvill leadtc htalth problenrs qKiuerak et al",

102 1 ).
Ccnrrally, latcrite soils art brorltr to dark

rcddish-htown r*pr*senting iron" aluntiuiun. and

0ragnssitun corlcnts, This soil is rich irr tracc clcmenLt
thai originaEd frorn wmthercd ultramafit rmks-
Atomic structil.res *f trace illemeng it thc origiital
mineral are very ditTercnt ftom lhe soil. Forexarnplc,
in wmthcring conditions, chronrite {F*(r:t}+} absorbs

Fc, Mq Cr. Co. whi*h are also originatcd fnln
pyroxenc, amphibolg nricas (Kicrczak et al., 2021).
Thc cl*nunl com;lati$n of Fr:.lii. Cr, and Co in soilc.
watsrs. and lregrtatirrl in latcritic prohle ref'lett thcir
associiltion rvith the ultrabasic roeks and uith dre Fe-

tiii min*ralization {Vnrdaki Bfid Kelcpertsis. 1999;

tlyas et al- 3016). {ieochrmical changc in latcrilic
pfirfile duc to wealhsring process war repofied from
hicrv Clalodonia. lt ir rcponrd tha{ Co aad Mn
concsilirati(il changes alorrg lvith tha $'eathering slagc

in a late ritc pro{'rlt (Dublct et a1-, .2017}"

Motui Di*trict is an arca in North Kon*ruc
Rcgency hat has besn planted to b* an irrdurtrial area

according fo local gor,em*cnt policy- There arc tbut
nickcl rniling comparries dral arr: opoating in il'lotui
area. lonre rnining comparies have alrtady closed
thcir mining op*ralirrn aud left *n abandotred flrtn, ot

p*st-rr:ining area in rvhich soil is erpostd to the

surfare. tirenerally, triningactivitS, will hat'e an impact
on soil c*mpaction, erosion, and rnofiilitv ofelemcnls.
It lros hem rcpofl*d thc mobilization and redi$rilrution
rf ulurmenls in tlrc sril prrrfiL' oecurrcd il latcritic
niskcl area cau**d by chryilir,al rL:action (Vardaki and

Kelcpcrtsis. 19991 Roea et a1.. 200S: Ilublet et al..
2017i- Changes in soil cornpaclion nrill afl'ea thc
distrikrtiorl of ttaccs in post-mining ateas and hcnce

will cgntrol the gcochemical snvironruent of thc arca.

This study airncd to evaluate the concentration oftracc
elcmenls. rspur:ially F-e. l{n, Co, Cr in soilr sarnplc

from waste dump pnr{iles and tailing sedimcfll itl post-
nrining arcas in Mo{u disrrir-t-

Matcrials rrd Methods

The Motui arca is situated in tlre Moui sisaricl.
Kona*c Regcrry, Snudreasl Sulawrsi {Figurc la}.
The study focnsqrd on the post-miilrlE area Nith a
topography olslopes less than 60'which is crrnnccted
to tailing dams {Figtre }b}. Soil and tailirg sedimcnt
samplcs were takcn as mate rial for this snrdy. Tlr'tlrry,"-
one sanrpies consist of I ll *ai} saurples tioru the wastt
dump sitc. 2 tailing sedinrcnt frorn the tailing pond ald
I sample Forn a bouider at thc bottom of thll wanle

dump. The w;*ste dLunp [rea rrirs dividcd intn thrse

lalcrsaceording to soil colourand location fmrn whieh
lhc sarnple rvas takur (Figurc 2h), The lirst lay*r (iayer
C) is located at th$ botlom of fre wrr*r: dunrp with pir*
to bright yellon in colour. $'hcr6s drc sccold layct
{layer tr} is in th* middlt of drs 1i,acte drrtrp showing
red to yellowislr colour afid the third laycr (laycr E)
was taken froru thc top part of the waste durnp rvith
dark rcd lo, brorr,"n cok:ur. Six {6} soil mmples werc
syrtertatically taken from cach 1a1'cr h get tr

rcpr:scrltail vc samplcs c on ditirrt

iignre t- ia) Location rurp of thc sludy area; {b} u*f,c dump site profile fi:r soil sanpling shorving } layen
(Layer C, l) and E). Six soil sarnples werc collected in cvcry laycr.
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The spacc bctr+'ern each ,sample ifi otre layrr rvas aboul
50' 60 str:. Trvo {!l san:ples Fora 2 tailing ponds
nearby thu wrstc ilufip site wcre eollocn}d as taiiing
sedimmrl saruplcs" Oflc tt) sarnple tirrn fiJalhercd
boulder w*,1 *lso taken for rnineragraphit alalyscr
from th* botlorn of {he ua*Ic dunp to gct the

information of mrtal$*aring rninrf,nls in thc bedrock-
The soil srirf*ce sarnples w*re rlried and di*solved

using distilled watrr u'ith a ralis of::l thy&achlotic
acid: nilric acid) &en dilutcd appropriately lbr melals
analysis {Mn, Co, Cr, and F*i using AAS (Aomic
Abrorption SgrlJctrophotometm) iiiclhod al Pl' lntctck
Jakarta. I,iext t6 dlc wastr dump sitc {}'igurc 2a, 1b).
pclyvinyl chloride (PVC) lubes lr'r'rc used to collect
tailing scdimcnt saruples iWuana and Okieiftrefi.
201 I |. Tffi) tailing redirrunts samplcs wctt dried aad

anal-vscd using th* AAS method todctemine thc rneial
coilcertralio& *spccially Fr, Cr. Mrr, Co. ln order to
detenninc thc metai-bearing mineral. a brxrlder mck at
thr bottom of ilrr.: wasis dulrp rvx coller*ed arrd thcn
seilt io a rock prepataiicn labmatory in Ceological
Enginr:ering Drpafi.mcot" Univeisilas Hasanuddin.
The bouldcr is con*idered as &e b*drock 'Ihc sample
was cut flRd clcaned andprocessed lorpolished snction
analys*ri. Folish sectinn s*nrples an*lyscs rlcre caricd
out using a Nikoa pctrographic microseopc with l{)
ryepiccr* and 5x. l0x, ?llx afld 4$x objeclir'e l*ns*.
*quipped rvilh a Nikon E45O0 camcm mountcd on the
trinocular port ior miteragraphy.

Ite*ults and Dircussion

Eedfilr.k

Tlre mctal-bcaring mina'als in lhs hedrsck consist ol
chron:ite. fiugrctite. hematite and limonite, as *horvn
in Figue 3. The bedrock shou's a high rerpcntinization
flrocess as cvi.denced b.v thr occurrenci: of serpentinc
mineral in lhe Fonu ol'srings nrplacing olivine and
pyr$xsne. lt i"s r,eqv di{Iisult 1o dsterminc the Iy1* of
brdrrxk sincc the main nrinerals havc bcct rcplatcd or
pseudomorphed by seccndary minr:rals duc to
srfpenlifliz{tion or wcath[ring. The rock aLco displays

a signiticant wcflthcrirlg prl)csss, as indicated by the
prcsence of somc oxiriimd rninerals. Serpentinization
and weathcring proccs.{ lus decomposcd magneiiic,
hcmatite. chromitc, and lirnonite minr:rals, causilg a

portiofl olironoxidc and c.lay rnincrals to fdl.spao: and
cracks 1.F-igur*s 3a and 3b).

Sa il a nd ni l itt g sedrrN*nl gror&rnrrvrj

Clortcexrkations of Co. Fe, Mn and L]r in soil sar,npling
frrm each layer arc listcd in Table 1. Layer E, which
is Iocatcd at thr top of the wartc dur*p pmflle is
characterizcd by dre h[hcr Fe value ar"erags but loru*r
llr-q Co and Mx contefi compared to olher lal.ers. Fe
cont*nt shows a wide rangc valuc lrom 21.13% to
30.359'0. uh<reas Mn tlisplays a morc varyiag valu*
{574{i ppm .. 13"4?lt ppm). Co contcnt ranges firm the
lorvesl in thr MC-E2 sarnple (357 ppm) to the highest
in drs MC-E5 samplc 1845 Jprn). Cr contcnt in this
layer rangcs frorrr 7641 ppm to -(D73 ppnr.

On average. iaycr D slrorvs a signifirantly highu
conccilrctiofl tbr Mrr and Co but only,rligluly higft$
lhr C} compared to Layer E. rvh*rr:as Fc shorvs a

signifir-andy highcr valuc. t'o valuc rangcs fronr 667
pprx to 1990 ppm. !'c co,nilill lihows a naflrlw rangc of
22.11a/a ta 31,gsor'u Mn and Cr display ,,alucs starting
frurn 531 8 ppnr ro I 4.0115 ppm and 791 I ppm 10 10.5!}0
pprn, r,s:rpectivrly. flomparul to thc other two layers.
{re rrvanage value ol the hcal'.v elements in lairer Li
(located ai tlrc bottom of the profile) shows thc highest
l'alue of Co, Cr and Mn. Horvcuc( !:c conlcnt sho**s

dre lowcsl valur, than othtr laycrs {26.tt9trr,}. Co
contenl rangcs from 735 ppnr to 1985 ppm. Mn = 5741i

IEril to ll4?tt ppn:, Cr = ll34l pptlr to I l0tl8 Flxa.
tleavy clerncnls conrentration in trriling rcdiruenb
exlribits a lowervalue than soiI sarnplingconcentrntion
cxcept for Fr concertration which is signiEeantly
higLer thau sail samplcs. (lo sho+ts an cxuemsly lorver
valuc (255 pprn on average), whercas Cr and Mu also
dirylay lorcr values of 8751 1ryxn and ??6$ ppnr on
average. re+ectively. Fc valuc rmgcs from 36 to 3! ,i/r

(37'inq on averag*), aboul 2#I" tc 309'r higher
qrncentmtion than tlte value of soil sampling sarnplc.

Figurc 2. (a) Tailing dams, {h} Sarnple collctting proccss in tailing s*dinrtnt"

i lji( ll \i . j'! i:r5

Waiter dump

Talling pond
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!{enl kwing atiaeml

A polished scction of thc bcdrock sho*-s tllc
oecurrtracl: of some mu-tal-hcaring iuinerals, inclurling
chroff ite, inaslrctitc, liltr onit* and hcm*titc (F'igurc 3]"
Chromite is thc sourc* of Cr clemcntc in ulfarnsfic
rocks, whsrcas otrivins is rnosdy rcrgouriblc lirr Ifc
contcnl iftlE rocks are still fresh rnd magnetite ifthe
rocks have been sa'pcnrirriecd {Kierczak e:t al., 203i}.
Thc cccurrcnce of drrrrrnite in the ulo-rrnafie rocks
fram the wastc duap profile has been rcnfirmcd both
in thc polished ssction and gcochernical result i'fable

li. The highly sc4rcntinizcd rock as shorvn by thc
intcnsit'e serpentinization pr<rcer* in the polishcd
Eecticn suggests that Fe u,ae originaled llom
magnctitc. firc enrichmcrrt of Cobalt in heavily
wgathered lateritir- llii depcsirs is eontrollcd by ttrc
occuffeflc* of Mn-oxido nrin*ral es tlxe mqisr Co-
bearing mincral {i}slrlrr ct a1".2{il7). il{n-oxide
*rincrals are *,ridely tbund in th* ultramalic rochs in
dre stndy arca. Thc Mh-addc nrincral occurs in ihe
foru of rurigaoesc wad within thc latcritic profik,
espccially in &c transitiorr zonc bet*'een sapralite and
limonite , as scen in Figure 4.

Figure 1. (L'ro*s nico! phommicrographs ofweathercd ultranrafic polishcd fi?ction, {fl) Chromitc rapped ifi
lirnorit* oxidc {b} Chromirc aorl magnetite &at h*s betn wsthrlred. Hern * hcruatilc. Chr * L'hromil*. Lim =

Lirnanitt, Mag * Magnetite.

tsigurc 4- Manganele wad found in the lraruitiou zone
bclcveen saprrllitc a*d limorrits ir thc lakritc ptafile

in }l{olui area. Thc manganr:s* is lhe bcst host for Mn
md Co irl thc $'eilhcring pfi)duct.

Ge *t he m i * I ttt n s I ry,i nt

Ovr:rall. hr:avy elcrnanLs conccntrfltion avcruge in soil
samples frorr: wattc dunp prbfilc $o$.s that layen E
cofltffirt"s a much lorvcr valuc for all elcnnenm exe*pl
Fc, rvhich show the highesr contcnt xrmparcrl to olher
layers. There is a rcgulff pattsm that can bc sctrcludcd
frotr tlle roil sanrple in tcrms ofthe soil colour ofthe

prnfilc. La1,er E shrrws dark r*d to bnrw'n in colotrr.
suggestiilg high Fe co{rlltrt dus to thr oxidati.m
process and the oecuffcilcc of herr:atitr and lirmonite

{Rocr ct al.. 200ti; Maulana ct al-, ?016). The Fe
eontent of Layer C lpink to brighl .vellarv). which is
located at thrr ho$orr of tlrc prufile. trr lourer &ar:
!-aycr D. *"hich ha* red to ycllorvidr eolours. Thr: rcsnlt
shows that F'c sontcnt will be rnuch higlr*r in thc layer
with lhe drrk colour" lt is reportcd that Fe content will
be much higher in limonite and lbrrigenour cap which
has red darlq to brorvn cokx.rr in latcritic flickcl drposii
fnrnr Kolonod*le areu in Sulawcsi {Fu et a1,, 2014).
lloncentrations of hcfir,y metals in ailitg scdirncnrs
sampbs drorv a sirtrilar nrrd to thr soil scdima.nts in
tlrc w:t-slc durup profik. Mu atd Co in tailing
sedimcnts show a dccreasing patlern comparcd to roil
samples **ilh almost tlUlo loss cornpared to Lay€r C
ald 7{I/o loss cornpared io Layer D but ouly 50}ro
comparcd to Lrytr E" ft r6{rtcnt in tfie tailing
sadiffeRl is nrlativcly higher than &os* in thr soil
snrnpling tiom thc waste dump. This is expectcd sinco
Fc is a mobile elcrncnt in the watcr and tead to be

o:ridired in rhc form of feric hydmxidu.

$efierul elir$en! arcbilig trcnd

Cfireial Elcnlbf]t l}robilily trerd diqplay rhat Co. Cr and
Mn rxhibit an imfiraiing lreud torvard the bsttonr of

I )ttitr \r i r.: t: 16
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thc laycr, eryrciatly t,lo. ruLerens I;c contsnl shaws a
dcereasing ircfld. It is prqroscd drat thc highcr F*
cofltent of Ls)rcr E ar lfte top of the profili: was duc to
the oceunence r'rl F'e-bcaring nrincrals sueh as

rnagnetite, heru*iitc and liuonitg *'hich leadr to the
gnrirhfiirtrl ot'Fe. Co. Cr and Mr! an incrr:aring trend

to lhc botlorll of tfic prot-dc wat prcbably due to thq

different sources rrfn:aterial in cach layer rather than

the lcaching procr r" It ir notcwortlry that Mn and Co

uoficentration$ in the soil drow a significant v*luc,
espccinlly iu l-aycr C. It is furtlrrrr noticcablc that both
slrmcnls ar,"'poritir,,rly corclaled- Dubl*t ct al. (Hll7)
rcported thc doo'nward migtatim olMn and Cio alut-q
with lateritic nickrl dcposits in New Caledonla and

f'ound ttre lo[g-tcntr stabilizatioa of ir{n and Co in
lateritic nickel dcposiu, uhich developrd in the

trnpical region. Figurcs 5a and 5b slrow t gcn*al
elemclr nrcbility tnrnd oi"tlu soil sarnplcs and tailing
sedirrrents- We n:adc two diagrarns to comFarc th':
elcmr}r1l mobility tre,1d, namsly Fc vs flr and Mn vr
Ce. lt Ls sholvn from the fignrs {hat F.s and (r in l-a.vcr

C. E and tailiry sedirnents show* a negatiyc cofil:lation
trend, ruheo-as in Lay*r E thcy are p$sitilcly
corlElatrsd. Mn vs Co cxhibits a stror:g positil,t
corrslation in all layers. suggsstirlg lhat dreir arr'
positivaly corrclated ts eadr other both in soil
scdimcni frsn wasle dump prafilc and fiuu uriling
sedimenls (Figun:5b).
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Conclusion

Chrornitc. maBrctitc. limoniic. and hnnntiie arc lhc
rcsponsiblc metal-b*aring minr:rals for hcavy elements

6ecurr(Hrci: in wil saruplcs frorn lhc wastr- durnp
prcfilc in the Mertui area. Variation in healy mctal
coficentriltitrt {FB, Co, Mn dan t-'r} ir soil san"rples and

tailing srldirncnts rqcre fomrcd from chefitical
wcaftmiog pracesscs. {;cnsral clunent nrobility trenri
display that Ca ('r and Mn exhibit an incrtasing trand
toward lhc botrom nf the layer, whercas Fc contt}nt

rhows a dccreasing lrcad. The conecntraliofls ol- Mn
ard Co are posirively carrelated in all layers and tailing
sedimcfits, u.'hereas Fe and Cr sholus a $egatil'e
corr*lation in Laycr C, I) nnd tailing sedimtnls bul
positivcly corelatEd in La-ve r E.
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