&gOCHEMISTRY OF WATERS AS RELATED TO WEATHERED ‘
b "!'HAMAFIC ROCK IN NEW CALEDONIA

y;tematically eampled in the peridotite maesifa of this island. These rocks sre mainly
oaed ot harzburgitee, with a low content (10 %) of very megnesian orthopyroxane

uTﬁe aites of eampling were chbsen accordzng to the morphology, in order to compare
'ﬁere from different environments: ' ‘
isteritic high plateau with a serpentfnous .deep layer;
attap slopes where weathering lets 8 serpentinoua residue ramain-
{#dkonts, which arex%ontrondtic at the bottom of the profiiea, and lateritic at the top;
ﬁ&&mpy lowlands and alluviai plains, mainly nontronitic. ! }
abch sites the ,uthor sampled seversl times ,according té the seasons: hot and rainy
ensnn {December to March); little dry. season (April to Mayn,1cool and a little wet sea-
ﬁ%ﬁ‘(buly to August) dry season 'proper (September to December?. This study is based on
hut 700 water analyses, sampled ‘over fou* yéars (1966~1670) (TRESCASES, 1969b; 1973b).
The average, chemical composition of the epring and ground waters, in each topographic
rgp_ana edch aeason’ ie in tab. l. Thése waters include chiefly bicarbohate, megnesis and
#tlicu: The smounts of magnesium, slways high, change just s little through the year, but
5B - range of varistions of the silics amount is large; the dissnlved silica exportation

{ her in the wet seeson.‘“hese waters carry awgy the & o‘l uble phase of

;ﬁ*nia tovards the top (tab. 2)s . » o o

o

nuxmc EQUILIBRIA BnTVsEEN SOLUTTONS AND mnmm.s e .
N

llowing transrormntiona of
ﬁ y minerals: i

P
|
. ' i
' enstatite —> talc + guartz + goethite ;i
| . +
olivine —>opale + ferrié gel\ | (well drained areas)

Ly nontronite | {poorly drained areas)
eerpentine, firet inherited, is disaolved next.

i

~*goeth1te

isleulation was carried out for esch minersl obaerved in the weathering profilen, as
-is for mome minerals, the formetion of which was expected.

peridot SiO lgz , (A Gg = ~491.9 Keal/Mole)
orthopyroxena S10; Mg (s Gg = = 349.4 Kcal/Mole)
serpentine 51205 Mg, (OH)4 (L Gg = ~ 964.7 Keal/Mole) ‘ -
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Table 1

Chemical composition of springs and ground waters
!
Plstesu Slope Piedmont Lowlend

1s 1b lc id 2a 2b 2¢ 2d 3a | oab ac 3d 4c | sa Bc  Bd

pH 7.5 7.8 7.5 7.5 7.6 7.8 7.8 7.5 7.6 7.6 7.1 7.6 7.7 7.6 7.3 7.5
) H
¢ 12090 . 12000 12000 12000 9960 10700 Q0100 8950 12300 11200 11100 12300 8300 6200 5080 1400
' !

. ,
Woog| $0.0 60.0 §0.0 ' 50,0  67.3 £3.7 63.9 56,0 41.8 41,3 42.7 46,0 66.3 109.5 134.0 356

- H M ! 1
c1 6,0 |6.0 6.0 6.0 6.7 6.9, 6.7 6.2 83 M7 1Lz 167 11 6.7 9.7 20,1
s027 - ' - - - 3,9 3.3 ‘6.8 7,8 2.2 45 2.0 - 6.5 8,9 B.2 2.5

Ca0 1.6 1.7 1.6 é.l 0,3 * 0.2 0,3 0.3 0,3 0.3 0.2 0.2 0.5 3.7 5.0 20.4
| 1

, ] 1
NléO 4.0 4,0 4,0 4,0 3.6 3.6 3.6 . 3.6 '7.6 8.2 7.9 7.1 6.9 5,1 5.8 17.0

. t
ol .1 ,0.1 01 {0 06 03 03 03 02 02 0.2 0.2 0.3 0.2 0.3 0.2
2 i 2! ‘!

Mgo | 12,4 12,9 12.8 15.6 21,8 20.3 %9.5 19.9 14,8 15,7 15.8 17,6 23.1 37.0 35,7 207,0
$10, 12.3 0.6 11.3 ?.7 19.8 17.7 16.9 17.1 14,7 13.4 12,6 11,0 21.56 29.7 25.5 25.4

n 14 14 14 1? 16 11 5 21 7 - 13 8 5 3 3 3 1
1

l v
| : [
lto a4 ; Squnga (1 : Dumbéa Est; 2 : Couveléds; 3 : Prony: 4 : Plum). & and 6: ground waters in alluvial
plain (5 ; Dumbéa; 6 :‘Tonthuta). a : hot snd wet ssagon; b : little dry season; ¢ : cool and wet ssason;
d: dry season.§ :.. cm; HCDa' to 5102 : mg/1l; n'1 number of samples.
] 1 i .
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Table 2

) i
Chemical composition of weathering profiles

! Plateau . Slope Piedmont
% Racki | 2 1 2 . 1 » N

E]

— S :
RO P B S - 13.7  13.6 0.2 11,0 13 i3

sio, | 37 | 1,2 ' 0.5 3.1 30.1 c 2.
| 1 o3 )} !

FaQ %] s j
. 26.3" 37.7%
[ Fe05 | 3. 72 74 | 71
0 "

. " 4.8 §' ' 45 |45 1 4 6 ‘15,4

2% ; oy
. . CaQ 0.1 , <0.1 «0.) <B.1 <£0.1 «o.l </0.1 «0.1<0.1

L : . ! . N '
Frge' | & o.si 0.6 1.2 12.5 '29 1 0.7 8.1
‘ , by P ‘
Cry0, | 0.4 4.0, 6.5 0.6, 1.2 , 0.8 , 3.8 3.8 6.7
T i
M0, 0.8 1 .10 o5 ! o.28' ¢4 0.6 . 1.0 0.4 0.4
¥ : t

i I ' n
' Ni0 0.40 2.5 .00 0,4 0.3 }.4s 2.5 1.0 '0.3 (1.5

];Al

[

ot H { N . 1
Coo: | 0.02° 0,08 | 0.2] 0.07 - L

- : Pk

;
Cx . . | .
total iron f' Fozoa- . :

; ) L o
. 1 ; Superficisl layer; 2 end 3': deep, weathering layer (saprolite)
. El 1

i . ! i
ks
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talc St °1o Mgy (om), - i A Gp = = 1320 Kcal/Mols)
aepiolue (51307 &) (ou) ug_,_ (ano)3 (acp'= - 1105,.6 Keal/Moleé)
‘brucite Mg (OH); b A= - 106ls Kcauuou)

Y o i
magnesite Mg O, “ g L' : (A Gf - 246 1 Kcal/Holq)
he lines calculated in this manner are: blotted in fig. 1, ﬁith thF eolubility lines of
Juartz (6 ppm S10,) end gilicic gel! (130 ﬁpm;uioa). For magnesite.the equilibriun line
pends on 'the partial pressure of Cozﬂ In the weathering profiles [pCOé] is close to
yall probably with extreme values of bbout 10~ -3 end 107 vy ;

For nontronite.the coﬁpoeition or which is | i i

(si,, 7, Alo 27) (Feg P Alg o7 ugg*a‘s Mg, l6) 0,0 (OH), llgo 135 '

he calculation cannot be carried dut in theé seme qayk this mineral includes iron, cnh
tﬁe free energy A Gr value' was not kﬂown,IHowever, the author used an indirect way: this

1neral éypears at the bottom of the! piedmont profiles, where it replaced olivine, and

1 weathered into goethite nexi, nontron#te also form? in the swampy lowlends Where goct-
!i!té is deposited mnd resilgcified, through an amorphdus stage (TRESCASES, 1973b). There

8 thus » revereible tranaforqation ﬁontronitel"* ferric gels, gogthite. Ground waters
ilmpled at PLUM (eee‘tbb. 1) were consldered in equilibrium with nontronite, magsively

rosent in the weethering profile. Tpe equilibrium line nontronitek- ferric gels (goet=-: -

i{te) (fig. 1) divides the field of 'ground waters frod the slluvial plaing . (nontronitic).

nd the field of ‘waters aampled in' the upper part of the piedmont profiles (goethitic

ayers). For the! concentretione of H' s Mg * and SiO2 in the PLUM water, the cHlculetion

rOm the rehction ferric (Al, N1) gelg &= nontronite yields the.eqhation of the line plot-
{fed in fig. 1, ard the standard Gibbe free en%rgy v?lue oﬂ formatipﬂ for this nontronite.

th —‘ - 1081 KC&UMOlecl) 'i}‘ : l I

1 The 1ocation in f&g. 1, of sampled watere shows, ?or each minerdl, the direction of

4the transformetion in process, neorormation oE hydrolysis, accordin7 to whethgr the water

8 eituated inside the stability field 6f the mineral or not.
1 Therefors, the compoaition o, watere shows that the three primary, silicates :are
natable with regard to these aolutiona, and: are hydrolyeed in the. following succeaeion.
liiine first, enstatite next, esnd ynstly serpentine. This auccessicn is in good sgreement
ith the mineralogical deta about the weathered profiles, The aampled solutions are too
‘iluted to ellow eepiolite or bruclte to form. On the other hand, magneaite precipitation ’
Akes place in the driest alluvial plaina. the concentrations remsched by ground waters
Lekplein this process. The equilibrium line of tmlc shows thet sampléd waters are close to
t8bility with regerd to this mineral., However, tallc would be, stable only in concentrated
atérs of the bottom part of the weath‘ered profiles; more diluted éolutiona of the upper
‘J8yers hydrolyse talc. The following should be pointed out: the conqentration of the intre-
erystalline solutions 1s expected to exceed the concentration in inﬁercrystalline aolutiona,
pnd s fortiori that of the sampled watera, indeed, precipitation of silicic gel takes place
Jn Weathering olivines, in the bottom gart of the plateaux profiles, though fig. 1 does
{ilot show this process.’ . g : f '
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HELATIVE SPEEDS OF LEACHING AND WEATHERING PARAGENESES O

The chemical gtudy of ground waters permita one to consider the time factbrzvthia gi=-
¢s an estimation of the prepsent dynanics of weathering. ’ ‘

¥tline_of_the_caleulation § o ‘ ‘ ,

i
The relative speeds of leaching)have been used by PEDRO (1964 1968) and TARD! (1969,
971) to rediscover the principal we&s of weethering. These works were epplied to grenitic
r basle rocks, by using sluminium as en insoluble reference. For ultramafic rocks, where

1.)By calculation from the reaction goethite (Al, Bi)=2 nontronite A Gf‘? Nontronite =
;v = 1094 Kcal/Mole
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*5 {8 true in most cases. : ; ! .

In Order to compare speeds of leaching S of eilica and magnesia the molecular ratios

éﬁ%gﬁ;o calculated in water (L) and in fresh rock. (R) are uaed Theoretically, three ce=
£.tan be defined: ' ' : ' ! 4 Lo

cL L=R that meens & = S (v ' AR

i | . ey ! $10, = “Mgo ;

iy . : . o

’,’ ssw <s“so (l) N .

ottdm of the profiles, with precipitatlon of silicic gel and preeervation {inheri-
) of serpentine. In fact,’ when L 115 hignher than R, the retio 3102/ugo of the hydro-
material is higher then the verage ratigR of the fresh’ rock. when si-
iengel and eerpentine are xdiseolveé L becomea higher than R. i

The euthor- calculeted all the limiting values of L in every case of weathering of

kidot and Berpentine, withﬁthe following hypotheaea (supported by the mineralogical
dy of weathering profiles): | K ! (
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A“iron of oliv1ne is combined with silica to form nontronite, L ;equala 0.37. | P

kN : ;
© tpiication ~ : : N
‘ ) ., | . , H t '
“The different weys for weathering in the successive morphological environments are
ybtratea in fig. 2. Values of L = 5102/Mgo in the sampled waters ‘are plotted along the
¥inate axis: the ac tua 1 evolution of peridot and serpentine according to the

tié and morphologic factord ia shown (tab. 3). Opal and nontroﬁite, formed to the

Qﬁtﬂm part of weathering profilea, this residue is preserved, u n der’ t h e fa-~
u rable condi t io n 8 of the dry season. During tne\hot end wet seaaonu,

alved. In gently sloping areas, evolution becomea complets and!ehde by total ferrugi—
Itioh. ! '

(
t

l
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i | | “ i
\m}mmcn éALANCE OF wmmmmmo, IN EACH ENVIRONMENT | P

; 1
“The use of hydrological data allow one to calculute a quantitative reconeﬁruction
5‘the weathering bamlance, for & yriver basin, or for a morphological unit. The

geochomi-
i ‘balance of weathering is exprepsed by two values:

t

emical erosions

'

Calculation is carried out ueing the inter-snnusl mesn values of silica and negne-
(! in waters. For each element, annual tonnage exporied in the solution (t/km year) is

P T e o AR e PR W T e e




obtained by multiplying the amount (g/m3) of this element by the amount of flowing wa-
ters per 1 ku“ of basin area. This last datum is calculated from the mean annual diachnr-
ge {river), or from the height of rain~fall, corrected by the flow coefficient.

Rate of lowering of the weathering fronmnt:
Reactions of minerslogical trangformeations which ocecur by weathering are spplied,
'f end the balance of silica and'megpeaia is computed. For example, for weathering on alopcq
" the celculation was applied to the mountainous Dumbea Nord river basin. If we consider x’
to be ennual amount (kg) of weathered paridotite per 1 kmz, the mineralogical content of :
x is¢ .
T 3.5 x moiee olivine + 1.5 x moles serpentine + 0.95 x moles orthopyroxene ( I
The weathering reactions can be axpressed as (TRESCASES, 1973b):
- 3.15 x olivine —>.2.,52 x.SiOa (dissolved) + 5.83 x Mg0 (dissolved) J
‘ + 0.63 x 510, Gresidual) + 0. 47 x goethite o
. - 0.95 x:orthopyroxene —> 0. 15 x SiQ, (dises.) + 0.30 x MgO (aies.)
, + 0.19 x talc + 0,04 x quartz + 0.076 x goethite
If y moles s,rpentine are hydrolysed out of 1.50 x molest
- 1.50 x serpentine —>2 y $10, (aiss.) + 2, 93 y Mg0 (aies.) ' ' T
Ty + (1.5 x - ¥) aerpentine (inherited) + O, 25 ¥ goethite.
If z moles of residual silice are rediaaolvad. . ’
~ 0,67 x 3102-——> z §10, (diss.) + (0.67 x ~ z) 510 Crea.) : ;.
If w moles of talc are hydrolyaed:
‘-omxtum—+4wu%(MMJ+3wM@(MuJ+(ow1-w)wh

}
On the wholes' . ' I
‘2.67 X+2y+rz+4w Total amount of 5102 exported in the eolution (molelkmzlxear)
6,13 x + 2,93y + 3 w = Total amount of MgO exported in the solution
Thus, we have two ~equations with four unknown quentities. This system is solved by
testing seversl hypotheseg. In fact, z and especially w are elways low as compared %o y
In the case; of the Dumbea Nord river basin, the ratio L # SiOZIMgO in water equale Owi4
therefore, mhe latter ahowa (eee fig. 2) that the weathering of serpentine is very weakl“
! y must be loy. Thus, one can coneider z and w es negligible. The solution of the' qyateu i
of equations ylelds values of y and x, the annual amount of weethered peridotite per 1 hﬁ
The chemicallcomposition ©of this rock is known, which ‘aliows one to reconstruct the geo
chemical balance of weathering completelly (tab. 4). By dividing the value of X (4 /kn? /
yeer) by the rock denaity (a =3), the raﬁelof lowering of the weathering front;cqn be
inferred. ' % . ' ! f . - :, "
‘ o oy 4

; : i

Application 1 . Lo

.+ The prgvioue calculation waa carried out for representative areas of each of the
four types of morphology. The reqult§, plotted 1n teb. 4, give the geochemicnl balnnc
of weathering for each environment. oy

The very high velues qf chemical erosion eh0w that peridotites are very liablu to
weathering dnder the hot and wet climgte of New Caledonie., Their almost eoluble cheracte:
ristic, in some cases, explains the evolution of ithe landscape towards a "peridotitic é
fkeret" (WIRTHMANN, 1970; TRESCASES, 1973b). ' , ¥

The' comparison between the values of chemical erosion end the rate of lowering of

"the weathering front shows that: '
- on plateaua weathering is rapid and complete;
- on alopea it is more rapid, but legs complete;
= on piledmonts in contrfet, it is less rapid then on' the plateaus, but as complete aa
there; ; ; ' i

" =-in the swempy lowlends, it is: slow and remeins uncomplete {on account of the confine-

ment). . ; e , . : ‘
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‘and; serpentine with climatic and morphologic factor-

l R ;
¢ : ]

Dry season ° ' : ‘ ' Hot and rainy season ..
| . ]
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, 1

P !
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CONCLUSIONS 1

The thermodynemic reasoning allowed us to study the equilibrium state of the diffe~
. pent minerals in regard to the sampled ground wateras. The succeasion of relative stabili~

ties is shown by the diasgrams, but the neoformation of some secondary products is not al-
.ways in evidence. Indeed, the sempled wsters generally come from the upper part of the
aquifer, They are more dilute than wetere from the bottom layera, and, a fortiori, than
1ntrecrystalline solutlons.

Tne study of the relative gpeeds of lesching of silica and megnesia ehowed for each
season the miner oglcal nature of the secondary producte which necformed. Thus the eho-
mical study of wetpra completed the mineralogical study of the weathering profiles: ithe’
study of waters allowed -ug8 to explain that the vertical succession of several secondary
parageneses inside profiles was the result of the altemation of dry end'wet secason, ‘o
characteristic alternation of the subtropical climate of New Caledonis. ‘

. Lastly, the]qalculation of the weathering’ balance showed the role of the morphologl- ﬁ
cal envlronment.lThe intensity of the chemical processes of weathering is higher in high
aress 'then in loY'ones thus their actions lead to a progreasive flatteness of the llnd-
scape.' Of course, the mechanical procesaes of eroeion (TRESCASES, 1973b) magnify this
fletteuing tendehcy very nuch. '] .

i f

Remark: For rurthar perticulara on celculatione, 1n peragrapha II, III and 1V, eee !
TRESCASES, 1973b. o ‘

; : | |
I ' ' | ! ¢ :
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