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MISTRY OF WATERS 'AS RELATED TO *WEATHEW 
AFlC ROCK IN NEW CALEDONIA 

ce de l a  Recherche'Scien'tifique e t  Technique Outre-Mer - 24 rue  Bward - 75008 PPrIB, 
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UCTXQN - CHEMICAL COUPOSITION OF WATERS I N  THE l&3W CAtE'DOhTAN ULTRAlhApIC MASSIFS 

!h onder t o  complete the ,study of weatherhg  of t he  u l t p m a f i c  rodks under t r o p i c a l  

stemajticelly sampled i n  the  , pe r idb t i t e  mes&ifs o f  t h i s  is land.  These rocke 81% mai- 
bed o? harzburgi tes ,  with a low content (10 %) of very mgneelan orthopyroxene 
Pe&,B yg0,92, . 3 O ' t o  50 % o f  o l lv lhe  S i b ,  Fe& Yg& and 60 % t o  40 IL of 

Mg,;3_07 (OH), (,GUÌLLON, 1973; TRESCASgS, 1973b). 

&&el ln  New Caledonia (TRESGASES, 1964a; 19$3a), r ive re ,  springe and ground r a t e r a  ve- 

d (11s.ardite) Si,O, .. , d ,  --- , , -.*I.., . - 
. a i t e s  of sampling were elioeen according t o  the  morphology,' iri o h e r  t o  compare 
rom d i f f e ren t  q n q i m ~ ~ e q t ~  a I 

l s p i t i b  high plateaq with 
ep slopea where weathering pets a serpentinoud reeidue rbmain; 
Qhionta, which a re  !nontronctic a t  Che bottom of  t he  pro<i$.es, end l a t e r i t i c  a t  t he  top; 

'serpentlnous ,de?p lqyer;  
l 

lowTande and s l l u v l p i '  p la ine ,  .main& nontroni t ic .  .' ' ' 
e i t e à  the  leuthor  sampled . severa l  'times, I ' (  according t o  &he 8eason8: hot and rainy 

(December t Ò  Lfarch); l i t t l e  d r y  season (Apr i l  t o  May)[;; cool and 4 l i t t l e  wet aea- 
&y CO puguat) dyy season 'proper $September t o  Dec&be,r/. Thie study l e  'baaed on 

Q water analyses,  atmpied 'over kodr  y h r e  (1966-1970') ! (TRESCÁSB, 1969b; 19?3b),. 
ßyerage, chemical conposit ion o f  the  epsini; and grouhi watem, i n  each topographic 
eeich Beason, is i n i  tab. 1. These Waters Include chie& bicarbd$ate, magnesia ma 

I 
8 The amounts o f  magnesium, always high, change j u s t  8, l i t t l e  through the  yehr, .but 
nge of ver ia t ione  of the  s i l i c e '  amount is la rge ;  the  db.gsolved s i l i c e  exportatibn 
her i n  the w e t  seaeon.,Tlieee w a t e r s  carxy away the  p h a 8 e of 

expected f r o m  the  Che- . 

leached i n  a i l i c e  and 

s o il u b 1 e 
ring. Their cornpasition is i n  conformity with 

,+ompoaition of  rocks andl w e a t h e r i k  p ro f i l e s ,  

: I  
m'iaekalr : t i  

! I  
I ! I  

l .  ' 

0 mineralogical study of weathering p r o f i l e s  show the  :fpllowing t~ansrormnt lons  of 
, ,  7 1  

1 

e n e t a t i t e  + t a l c  * quartz + goe th i t e  

+opele  +I i e r r id  ge l  
4 nont roni te  

1: (wel l  drained .rea.) 
)'goethiteì ( p p o r u  drained .reas) 

\ 
f { 

eerperítlne, first inher i ted ,  is dieeolved ne,q. 
he hydrolytic reac t ions '  o f  the d i f f e r e n t  minerels,  prirnaty and eecòndary, prorl- 

condidered ,ee exclusively magnesian, ,give t he  e q u i l i b t i u m  equet on of each ni- 
t h  a. OQlUtiOn of silica and magnesia. ?He equation of: each equilSbrium l i n e  i a !  
by applying the meek act ion law,  the equi.librium constant o f  which i o  deduded 
standard Gibbs f r e e  energiee o f  formation A Gg o f  the f i n a l  and in i t i a f i  products 
and CHRIST,  1965; ROSIE and WAL;D%UM, 1960; IiELGESON'et al., 1969; TARDY,, 1969). 

&*leulation wae car r ied  out f o r  esch minerul obaerved i n  tne weethering prof i le~s ,  II 

? 

f o r  bome minerals,  t he  formation o f  which wee eGected:  
., peridot  SiO, Hg2 ( A  Gg = - ;492.9 KcaVLiole) 

orthopyroxene Si03 Yg 
aerpentine Si,05 Mg3 ( 
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6.0 

1 to 4 : Spr,lngs (1 : Dun 
plain (5 : Dumb4a: 6 : ' T r  

d : d r y  8eaaon.f :da. cm; 
I 

I l 

da Eat:  2 : Couvelda: 3 I Prony: 4 : Plum). 5 and 6: ground water8 in a l luv ia l  
t b u t a ) .  a : hot end wet e o a ~ o n :  b : l i t t l e  dry eeoaoni c : cool ond wet omoaon: 
CO3- t o  SiO2 : mg/l: n : number, of oompleo. 

I I 
I 

1 I 
l 

Chomical c o i  o ' a l t l o n  of weothmring p r o f i l ~ o  P I 

P l o t e a u  slope Plodmont Lowland 
% Rock I 2 3 2 1 3 2 1 2 : .  1 

I 
H20+ 11-61 13.0 ,13.7 13.6 10.2 11.0 I? 13 a 13 6.p 13.1 
SIO2 37 1 * 33 1,2 ' 0.6 38.3 30.1 33 3.6 h 28.2 2.3 

FOR ' 6  1 2 ~ 1 ! 0.3  
! 

2' i 
q6.3" 37.7" 29.0" 64.7" , '71 4 ~4 I ' il 

6 16.4 11,7 
72 74 

4.6 6 '  4.6 14.6 1 
Fo203 3.61 I l  Y 
Alzo3 0.4; 1 2 

coo I 0.02 

2s 0.9 0.6 x18.2 12.6 I 2 9  1 0.7 S.?. 0.7 

~ 0.29 , 1.01 0.6 ' 0.28 ' 7.46 0.5 1.0 0.4 0.4 '9.6 

2.6 1.0J b.4 0.331 f.46 2.6 I 1.0 '0.3 ,1.6 0.7 

- 1  0.,08 : 0 .Z1  0.07 - l '  2 - 

I f  I 
0.a 4.0: 5.6 0.6, i.i, , 0.6 I 3.8 3.8 9.7 3.4 

I 

. -  - 5 ,  I 
1 1 -  

I I I  , ' totrl  I r a n  ;o Fa203 
, 

1 

1 : Superficial l a y e r ;  2 and 3 : deep, weatherfng l s y o r  (saprolite) , 
1 



t a c  SiroOlo Mg3 (OH)q 'I ( A G: = - 1320 Kcal!lMole) 

sepiol '$te ( s ~ ~ o ~ . ~ ) '  (OH) Mg2 (Y2O)j , ( A  G:' = - 11051:6 KcaUMole) I 

I 

hagnesite Mg cog 'I 

I !  

I 
I ( A  G: = - 1991.5 KcaUYold) 

( h  G: = - 246.1 KcaUlllol~) I ' b r u c i t e  Mg (OH)* 

I '  ' I  

l inea 'ca lcu le ted  i n  t h i s  manner arb /plot ted i n  fig,. 1, y i t h  th;e solubility l inea of 
r t z  ( 6  ppm SiO2) and s i l i c i c  ge l ' t l ' 30  hpml&O2). For magnesite ithe equilibrium l i n e  
ends on Ithe p e r t i e l  pressure of CO2., I n  the weatheriflg p r o f i l e s  [pCO,l is cloee t o  

l l 

? O 7  probably with extreme values of hbout'lOo3 and 10m1*50 I 
I 

l For nontronite the  codpoeition bf which 1s 
' 1  1 2 + ,  

tsi3.73 A10.27) (Fe!?66 1. A1~~07,'%.i?5 NiO.l$'l  '10 (OH)2 %.U5 I l  

calculat ion cannot be carr led Ô r i t  in the tkme qgy! t h i s  mineral includes i ron ,  d d  
f r e e  energy A Gg velue w p  not  ,qßwn1. However, th$ author used, an i n d i r e c t  way: thim 
re1 dppears e t  thex bottom of the'piedmont p r o f i l e s ,  where, it replaced o l iv ine ,  a d  I I  

a thereg i n t d  goet4i te  next; nontron!+te e lso  form7 i n  t h e  swampy lowlends &here 'gost- 
is deposited ah¿ r e s i l l iC i f i ed ,  ' t d o l f b  an amorphque qtage (TRESCASFv 1973b). There , l I 

8 thue a revereibSe tpnsformat fon  & o n t r o n i t * e l G  fdTr ic  'gels,  gogthite.  Grortnd waters 
ambled a t  PLUM (see %&b. 1) dere conskdeied i n  etpiilibrium with nontronite,  ~ess ive l ,y  

I t e )  ( f ig .  1) div ides  t h e  f i e l d  of T&ound waters flrd the  a l l u v i a l  /plains/ t n o n t m n i t i c ) ,  
nd the  f i e l d  of waters samqled i n ' t h e  upper p v t  of the  piedmont b y f i l e d  (goe, thi t ic  
ere). For the  concendratione of Ji+, Mg2+ and S i O p  i n  the PLUM weter, t h e  ca lcu la t ion  

Cebent i n  : the weathering pro,lfile. ,"?e' equilibrium I l i n e  I nontronitei- #-L f e r r i c  ge l8  (goet- 

the rehct ion f e r r i c  ( A l ,  N i )  g e l 4 a  nontroni te  y i e l d s  thel  e&tion of the line plot-  
in f ig .  1, and the e t a n d h i  Gibbe f;ree ethrgy vylue of, f u r m a t i d  for t h i s  nontronite:, 

(1) 1 '  ,i , I 
I (3; = ..I 108i KcaUMole 

B, /transformetion i n  process, neofoGation 
'eltugted ins ide  the  s t a b i l i t y  f i e l d  of t h e  mineral or not. 
i Therefore, the composition o? watere shows t h a t  t h e  three  priadry,  s1lice;tes l a re  
t ab le  with regard t o  these eolu'tions, andeare hydrolysed i n  t h e  ftollriwlng succeseion: 
dine first, e n e t a t i t e  next, and ljastLy serpentine.  This  succeseidn is i n  good agreement 

dted t o  allow s e p i o l l t e  or bruc i te  t o  form. On the  o ther  hmd, mdgnesite p r e c i p i t a t i o n  
ce place i n  t h e  d r i e s t  e l l u d a 1  pleine: thk concentrations reachdd by ground w@tera 
lein t h i s  proceas. The equilibrium line of ta lq  ehowa t h a t  sampldd waters a r e  h o a s  t o  
b i l i t y  with regard t o  t h i e  mineral., However, t a l k  would be s teb ld  o t l l y  i n  c k c e n t r a t e d  
e r s  of t h e  bolttom p a r t  of the  weeithered p r o f i l e s ;  more d i lu ied  8o;lutions o i l t h e  upper 
ere hydrolyse t a l c .  The following should be pointed out: the co?dentration of t h e  intra-  
a t e l l i n e  so lu t lons  is  expected t o  exceed the  concentration In lnt /ercrystal lkne sòlt i t ione,  

nd a f o r t i o r i  t h a t  of the  sampled waters; iqdeed, prec ip i ta t ion  oh b i l i c i c  g e l  takere pl8cs 
n weathering o l iv ines ,  i n  the bottom ?art of  the plateaux p r o f i l e s , /  though f i g .  1 domr 
o t  èhow tbs procrea. 

LATIVE SPEEDS OF LEACHING AND WEATHERING P A R A G ~ J ~ ~ E S  

.I 
I The loca t ion  i n  fig. 1 of sampled waters shows, kQr cech mineral, the  d i rec t ion  of 

hydrolysis,  accordin ' t o  whether t h e  water  4 
tk t h e  mineralogical da ta  ebout t h e  weathered prof i les .  The sampled I so lu t ions  aro too 

I I I  

I I 3 ,  

I 

The chemical study of ground waters permits on8 $0 consider the1 time fac tbr :  this gl- 
I 

l 
8 an estimation of  t h e  

-----*---------- t l i n e  o f  the c a l p l a t i o n  ---- I I 

The r e l a t i v e  speeds of leachingrhave been used by PEDRO (1964; 1968) and TARDY (1969; 
71) t o  'Fediecover the  principe1 w&s of  weathering. These works were applied t o  g r a n i t i c  

IC rocks,  by using alumjnium 8s an insoluble reference. For  u ' l t r m d i c  rocke, wheM 

calculat ion from the  react ion goe th l te  ( A l ,  Bi)* n m t m n i t e  A G i  rJontronite = 

p r e q e n t dynenibs of weathering. 
I 

l 

---..-------------- 
- 1094 Kcal/Mole 

U1 
I 
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obtained by multiplying t h e  mount (gfm 3 of t h i s  element by the  amount of flowing w t  ' 
2 t e r s  per 1 km 

ge ( r i v e r ) ,  or ?rom the height of r a in - f a l l ,  c o r k c t e d  by the flow coeff ic ient .  

R a t e  o f  l o w o r i n g  o f  t h e '  w e a t h e r i n g  f r o n t :  

of baein area. This l a s t  datum is calculated fnom the  mean annual diPrch 

Reactlone of mineralogical transformations which occur by weathering are  applied,  
weathering on slope 
n. If we consldor y 

t he  mineralogical content O?! 

olea serpent ine + 0.95 I mole8 orthopyroxsno , 
ressed as (T?ESCASES, 1973b): 
issolivecl) +, 5.g3 'I (dieeolved), 

I 

out of 1.50 x molest í 

ss.) + 2.93 y M& Cdios.) ' 1 I 

e r p e n t i p  ( inhe r i t ed )  + 0.25 y $oethlto.  

I 1  

If w moles d f : t a l c  a r e  hydrolyaedr 

On the  whole:' I 

I '  
1 .  

' - 0.19 x taSc/ 4 w Si02 ( d i s e . )  '+ 3 w MbgcI (dies.)  + (0.19 x - u) t a lc  1 
2.67 x + 2 $,;+ e + 4 w = Total  a m o i t  of. Si021 exported i n  the  so lu t ion  (molehu'/jeaF) ' 

6?13 x = Total  anou@ of  KgO exported i n  ' the solut ion 
Thus, we have two,equetione with fo& unknown quant i t iee .  This system Be 80lVed ,by 

w as compared t o  y. 
. w e t e ~  equa?.s 0.44; 
d i n e  :is ve+y ue 

2.93, y 9 3 w 
I 

4 ,mus t  be loy. Thus, one .can cone,ider z and w as negl igible .  The so lu t ion  of thei eydtsm ' I '  

The chemic?/ composition >of this pck $8 known, whi'ch 'allowe sne t o  reconstruct  t he  &eo-'. 
chemical bdlance of weetherfng completelly ,('tap. 4) .  3y divid$r,g the value of r;(t/h2/ i' 
of equgt ioqe 'yielde l valuee of'+ and x ,  ithe annual amount of w4sthered p e r i d o t i t i  p e r  15 

I '  

* 
' yea r )  by the'  rock densi ty  (d f 31, thq rade lof lowering oí' t he  weathering f r o n t  ;cari be I.: 

I l 

l 

, I  
i i  

inferred.  ' , i a  
I 

,"! ~~ - ' 
!,!The prqvious calcuiot ion wa's carkileb óut ,for representat ive area8 of each of the $ r: 

f o u r  types if morphology:. The reqult!lp, plottedl In tab. ,4,  give the pochemical  palanco 4 ; ~  
:V' 

The very high value's 4f chemical.,eroeion eh6w that  per ido t i t e6  a r e  very l l a b l e  t o  { 
of weathering f o r  each envfronment. ' 'I ' I ' ' , I I  

weathering thder t he  hot anà wet cllma'te o f  New Caledonia. Thei.r almost eoluble i c h a r a c t 4  

r i e t i c ,  i n  some caaes,  ejlplains the evol,ution 'of Ithe landscape toward6 a " p e r i d o t i t i c  
* _  !karst" ( W I R T W N N ,  1970; TRESCASES, 1973b). ,Y 

I l  ,$ 

,,'! 
: ,i.& ' t he  'weetheqing f r o n t  eh6we t h a t  I 

I -  on pleteelua wearthering is rapid apd qomplete.; *' 
1) i3;. 

! ;<, - on .piedmonts i n  contraet ,  it ie l e s s  rapid than on' the plateaus,  but a6 complete 'aa 1-i:. 
' 2: 

' : - '  i n  the swampy  lowland,^, i t  i 8  ialow and remains uncomplete (on 8cc;ount of .the: confine- ;, 

I ', Thé conperi6on between the values  of chexnicelierosion A d  t he  r a t e  of lowering of .; 
I )  

1 ,  

t.. 

I -  on elope@ it is more rapid,  but l e e 8  complete; 

I 
.I I 

t he re ;  n: . I '  q8 . 

: ( i  ' !  T I ? L  
' ,  . ,  I 

I * '  

, ,  ment). 
I 
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