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Correlation of the chemical composition of water from the unsaturated zone
with the mineralogy of a profile on the São Paulo Basin, Brazil
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AB5TRACT: I n t h i s pape r the co r rel at ion be t we e n wat er f rom the unsaturated zon e an d t he
mi ne ra l og y o f t he weathered s ed i me nt ary pr o fil e is tre a t e d . These s tudie s we re c a r r ied
ou t at an Exp er i me nta l Station ins t a l l e d on t he Campus a f t he Unive r s i t y a f são Paulo .
The litho l ogy cons i s t s af s uc ce s sive l aye r s a f c l ay s , s i l ts , s ands an d c l aye y sands be l ow
a s ur f a ce soi l and t he minera l og y i s main l y co mpo sed of qua rtz , kaolinite, s mec tite ,
g oethite , in l e sse r quan t it ie s mus cov i t e, and ra rel y mi croc l ine . Al I are det ri tal and
t he kao l inite o r i ginated f rom t he wea the r ing o f mus cov i t e and mi c rocline . The re su l t s
s howed that t he re is a kao l i n i t i za t i o n pr o ce s s o n the mus cov i t e and t he mi c rocline ,
howe v e r sma l l , s e tt i ng fre e t he K+ which i s re fl e c t e d in h i gh e r co nc e nt ra tion o f t hi s
elemen t i n the pe rco lat i ng wa te rs.

1 . I NT RODUCTION

with the ob j e c t i ve t o s tudy the c he mical
co mposi t i on o f wate r f rom the un sa turate d
zo ne and t he co r re l a ted phenomena , an
Exper i men t al St a t i on was installe d o n t he
Campus of the Unive rs i t y o f s ão Paulo (São
Pau lo , Brazil ).

The pu rpose of th i s pap e r wa s t o
es tab l i s h the cor re l a t ion between t he
c hemica l c ompo s i t ion o f wa t e r s and t he
mine ra l og i cal composi t i ons o f v a r i ous
l eve I s t hro ugh phase diag r ams and by
pe trog raph i c s t ud i e s which would i nd ica te
the re sul ting min eralog i c al e vo l u t i o n o f
t he ge o l ogica l ma t e ri a l and the percolat i ng
wa t e rs .

The Experime nta l Station is s itua t ed on
the sedime nta ry ba s in of s ão Pau l o, o f
Ter tiary ag e . The origi n of the se diment s
i s f l uv i a l and consi sts, pr edomi nantl y, af
sands , silt ic clays an d c l ays .

2. METHODOLOGY

For wa t er sampl ing po rous cups we re
ins tal l ed a t 0 .50- 0 .50 m i nte rval s ,
be g inni ng from the sur f ace t ill a depth of
more o r less 10 . 50 m, o r the groundwa t er
leve!.

The wa t e r mon itor ing co ns is t e d o f we ek l y
sampl ings , during a 14 month period
(Oc t obe r 1985-Janu ary 1987 ).

The following determ i na t i ons were c a r r i e d

out "in situ" : pH, Eh , wa t e r and ai r
t emperatu res, e le ct r i ca l c onduc t i v i ty ,
di sso lved O2 and CO2; HCOJ - an d/o r COJ

2­
an d NR.+ . At the l abo r a to r y the
co nce nt ra t i ons o f Ca 2 . , Hg2 . , A13 + a nd Fe
t ota l we re made wi t h the At omi c Abs orpt i on
method ; Na+ and K+ by fl ame photome try.
l he an ion s F- , CI- , Br- . HP0 4 - , N0

3
- , N0

2
­

and SO.2- wer e an alys ed by the DIONEX i on
chro ma t og raphy me t hod .

The mi ne ra l ogi cal ana Iyses were made by
DAT , RDX and opt ica l met hods , f ro m s amples
taken a t 0 . 50-0.50 m i nte rv a ls a l so . The
pe t rographic s t udy on co nso l i dated s ample s
was made by o ptic al mi cro s copy .

3. RESULTS ANO DISCUSSIONS

lhe resuIts o f the mineralog i ca l anaIyses
are on t he co l umn of Fi g . l, whe re the
co r re s pond i ng wa t er anaI y s e s (me an v a lue s )
a re also . ( l he mic rocl ine wa s de t e c t e d
only by t he opt i ca l mic r os copy).

As i t c an be obse rv ed, about til 1 a de pth
a f more a r l e ss 1.50 m, t he c hemica l
compo s i t i on of wa t e r c an not be co r re l a ted
wi th the mine r a logy becau se there t he
i nf l ue nc e o f cl imatic co ndi tians is more
impartant. I t is s hown i n a pr e v i au s work
(Sziks zay e t a l , 1987) that the
e vapo ra tion- line at the si te i s si tuated a t
a depth, va r y i ng between 0 .50-1 .50 m. In
another pap er (Sziks zay et aI ., in pr int),
i t was also shown that the h igh
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K=koolinite ; o e qucr tz ; Go=goethl te ; Sm e srnact ite ; Mu =m useovlle
TOS= Total Dissotved Sal ids

Fi~u re 1 . Mineralog i cal compos i t ion af t he pro f i l e and concentra tion of Na+ t K+ , Ca 2
+ ,

Mg + and TDS i n the wate rs.

co nc e nt rat ions of cons t itue nt s I n wa t e r i n
t he uppe r part a f t he un s a tura t ed zone, are
related to s ucces s i ve pr o c e s s e s cf
evapora t i on- i nf i l t ra t ions .

Therefore, the cor re l ation o f wat e r f rom
t he un s a t ura t ed zone and min e ralog y af t he
pro f i l e ca n be tre a t ed only beg inning from
a ce rtain de pth.

The c hemi ca l compo sition af the
pe rc ol a t i ng solu tions i s, at t he same time,
cause and cons eque nc e o f weathering
evo l ut ion of minera Is . Thus , being the
minera Is in e quilibri um wi t h the
geo chemi ca 1 and phys i ca1 - chemi ca l
conditions of t he s ur roundings (wa t e r ) ,
the re would not be an y evolution. BUl if
this equil i brium doe s no t e x i s t, l hen t he re
woul d be a mineralogical evolution wi t h
chemical modif i ca t ions, whi ch wou ld be
ref l e c t ed in the chemic a l compo s it i on o f
t he wa t e rs. The wate r s wou ld sh ow ga i ns i n
e lement s l e ac hed out f ro m t he sur roundings
and a lso l os s e s which eventually woul d t ake
pa r t in new mineral phase s .

Canside r ing tha t in the so lu t i ans , t he pH
and the ion concentrat ions gen era l l y and i n
thi s ca se s pe c i a l ly , t he 5 i 0 2 , Na+, K+ and
Ca' + def ine the equi1 ibr i a of t he
min eralofical solut ions, pha s e -d i agram s o f
logIK+!1 H+I, 1ag ICa'+I/H +1 and 1ag
INa+1 I H+I versus 10g IH.SiD .1 (canstructed

i n ac co rdance wit h th ermod ynami c data
se1ec ted by Tardy, 1969 ) were used
(Figur es 2, 3 and 4), with the objec tive t o
co r re la te t he t he oret i c a l equilibria sh own
00 t he se diagrams with lhe observed ones as
a re s u l t o f th e chemica l analyses of waler s
an d of the minera l ag i ca 1 and pet r ographi c
studies of t he pr of i l e' s sediments .

These diagrams s how that t he waters are
always in the f i eld of stability of the
kaol i ni te whe re it i s pos s i ble
theoreti cally, the di s s olu t i on of the
quartz and very s low a lte rat ion of
mu s c ov ite and microcl ine l o kaolinite .
Effe ct i ve l y , the s tu dy o f th in- se c t i ons
made by t he opt i cal microscop e s howed th ose
fe a tu res, well known i n studi e s of
weathe ring . The morphalog y of t he smectite
(c rys ta1s of reduced s i ze) do nat perm it t o
ve r ify wi t h the available methodal ogy, i f
t he re i s a kao l initizat i on proce s s, be i ng
t hi s howe ve r a po s s ib i l i t y .

Thus, i t c an be ass umed , in s pi t e tha t
th e quant ity af mu s cov i t e and mi c roc l ine i n
the s e sediment s is ver y sma l l and its
evolution to kaol in ite is ve ry s low, that
the obse rved i nc re as e o f K+ co nc e ntrat ion
in wa t ers f r am the uppe r part a f t he
prafi1e wou1d be due t a t he se tti ng f r ee of
this ion during t he kao liniti zation o f
these detritical mine raIs . Fur t he rmo re , i t
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4 . CONCLUSI ONS
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Figure 4. Stab ili t y d iagram of the s ystem
CaO.AI 20J .Si02. H20 (T = 25°C. P=l atm) .

From t he present s t udy the f ol l owing
conclusio ns cou l d be obta ined:

The correlation be t we en pe rco la ting
wa t e r s and the minera l og y of t he
wea t he red sediment ary pr o fil e , i n t he
uppe r pa r t t il l the e vaporat ion- line
(0 . 50- 1. 50 m) is unimportan t because the
cl imate is the predominant fa ctor s howi ng
high i o n concentra tions due t o succ e ssive
evapo ra tion- in filtrat i ons . Unde r the
evapo ration-line t he i on conc e nt ra tion I S

low, due pr inc ipally t o t he strong
l e ach i ng s peculiar of sub-t ropica l
cl ima t es . There t he co ncent ra tion o f K·,

Figure 3. St ab ility diagram of t he s ys tem
K20.AI 203. Si 02.H20 (T=250C, P=l a tm)

Figu r e 2. Stabi l ity d i agrams of the system
N20. AI20 3.Si02 . H20 (T=25°C, P=1 atm ) s howi ng
t he point s co rresponding t o the mean values
o f water ana lyses .

Leg : Depth of po rous cups 1-4,0 m; 2-3,5 m;
4-4,0 m; 5-5 ,5 m; 6-6 ,0 m; 7-6 ,5 m:
8-7,0 m; 9- 7 ,5 m; 10- 8,0 m; 11- 8 ,5 m;
12-9, 0 m; 13-9 , 5 m; 14-10,0 m; 15-10 , 5 m.

can a l s o be obs e rv ed tha t in the stability
f i eld of kao l i nite, t he pa rt where the
points af ana lyses are situated , is nearer
to t he fi eld af more l e ach ed mi nera I s
(g i bbs ite) t han to the l ess leached one
(with silic ium and ba se s : phyllosilica ted
2: 1) , ref l e c t ing ance mo re t he leached out
na ture af t he s e d i ments a f t he são Pau lo
Ba s i n t og ethe r wi t h high pre c i pi t a t i o n
rate s whic h ma i nt a in t he 50 1ut io05 d ilu t e d .

Wi th re s pe c t t o SiOz pr e s ent i n th e
wa ters . i t s o r i g i n is e v i de nt í rom t he
pr ogres s ive d i s s o l u t i on of quart z , th e
pr i nc i pa l mine ral at t he s andy l eveI s .

Fur t hermore , t he ob serva t i on af soi l and
s ed i me nt samples a15 0 sh owed that there is
a remobili za t i on af ferruginous product s
(e ssentially goethite) whi ch, in s pi te of
sma Lk quant itie s , is suffi cient to co lo r
the mat e rial and to form typi ca l featu re s
a f remobi l i za t i o n i n s olu t ion , 5uch a s
c i ogs af Leise§ang .

The Ca 2 . , Mg · and Na· hav e low
co ncentra tions i n wat e rs of the l owe r part
o f t he profi le and t hei r o r igins cou ld be
related t o t he po s s i b l e e vo l u t ion of t he
smec t i te not s een o n the opt i ca l
mi c rosco pe .
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s i02 and Fe total could be rela t ed to t he
min eralogical modifications whi ch were
obs erved in t he pe trogr aphi c studies of
profile sampl es.
The concentrat ion af K+ in lhe waters
could be correlated with the setting f r ee
of this ion dur ing t he slow kaoli nization
af muscovite and microcline .
The SiOz in t he so l utions o r i gi na tes a1so
from the kaolinit iza t i on of i llite beyond
t he equally s l ow d i sso l u t i on of the
quart z o
The Pe i n selu t i on reflects a transitory
state; being li t t le so lub l e element in
th ese cond itions (unsaturated zo ne and
oxidizing Eh) bu t the r e i s a mor e o r les s
i mportant remobili zat i on , depe ndi ng on
the f luctuat ions af Eh value s, ca us i ng
different iated colorings in t he
sediment s, i nc l udi ng featur e t ype s 5uc h
as "Le isegang' s r ing s lt
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