
:~ --- -.:
I

~.~ :

i
L~TERITISATION PROCESSES

i .
i

i
i
!

I .
Proceedings of the 11 International Seminar on Lateritisation Processes held in

I . . . ,

Sao Paul o, Brazil, Ju ly 4-12, 1982, or gan ized by the Worki ng Gr oup of .
Latenitisat ion Processes (IGCP- 129) and Laterites and Lateritisation (IA GC)

!

Edited by

I
A. IJ. ,MELFI

I ,

Instill/to Astronomico e Geojisico - University oj Siio Paulo, Brazil

i
and i

I ,
A. ICAR,VALH():

I ' . :

Institute de Geociencias - University oj Sao Paulo, Brazil
I
i
:

. !

, .
I PROJECT 129

lnternattonal Working Group
Lateritisation Processes
,

IAGC
Workin g Group

Laterites and Lateritisation

USP-IGc
551.302
161 nJ.,,)l..
E.2

7690

'MONOGRAFIAS

LATERm SATIOH PROCESSES: PROCEEDINGS OFTHE IllNTERNAnONAl SEMINAR0" LATERIT1ZA

.~ II I IIIII!
P rint ed in the Inst itute A stronornico e Geofi sico

Univers ity of Sao Pau lo - Brazil

1983 /

--.-;...-..........~.,...~-----_.-



ALTERATION ,'OF BASALT AND FORMATION OF KAOLINITIC AND GIBBSITIC MATERIAL IN THE
i-:

~REG I ON OF RIBEIRAO PRETO (SP)J BRAZIL

1 2 3
A, CARVALHO j A, CHAUVEL AND N,M,M, GON~ALVES

_ i
1 - IG/USP, Sao Paulo, Brazil

I
2 - ORSTOM-IG/USP, Sao Paulo, Brazil

i
3 - FFCLRP/USP ~ Ribeirao Preto, Brazil

,

ABSTRACT

Mineralogical and chemical analysis were carried out on samples of soil profiles and
!

underlying mat~rials, occurring on a topographic sequence.
,

The underlying imat e r i a l consists of a weathering product of a basic rock of basaltic
type, with no weatherable primary minerals present but with the original structure

I

preserved. Mi ~erals of the kaolinitic group are the only secondary minerals present in
these materiali.

A typic latosol (Latossolo Roxo) occurs in the footslope and it is a essencially
gibbsitic (gibqsite/ kao linite ratio > 1) and its contact with the parent material is
very sharp. O ~ the bac kslope occurs a blocky structured soil (Terra Roxa Estruturada)
constituted mairily of minera ls of the kaolinitic group (gibbsite/kaolinite ratio < 0,2) .

I

The contact with the parent material is more gradual. The Terra Roxa Estruturada
changes progressively downslope into the Latossolo Roxo.

A "stone line" was observed in the Terra Roxa Estruturada profile formed by blocks of
!

partially weat~ered basalt and lithorelictual concretions of small size « 3 cm).
Towards the latosol the blocks decrease in size and quantity and in the Latossolo Roxo

profile only the concretions subsist.

Considering the morphological aspects and the results of mineralogical and chemical

analysis one can suppose that the normal evolution in this area is towards the
formation of a gibbsitic material (LR). The kaolinitic material (TRE) corresponds to
a ra ther particular situation due to the pro ximity of the roc k, either in the upper
part of slope or in the stone line. The presence of this weatherable material, a
cont i nuous sou r,ce of silica and bases, would produce a saturated medium, inhibiting
gibbsite formation. ,
The presence ot silans in the base of the TRE pro file, which disappears gradually
toward th~ LR seems to conf i r m the proposed evolution of the materials.

INTRODUCTION

The supergene evolution of basalt in the region of Ribeirao Preto (SP) (Fig. 1) gives
origin to two ~ i f f e r e n t soils materials : Terra Roxa Estruturada and Lotossolo Ro xo.
As concerns the mineralogy of secondary minerals, it has been pointed out by many
authors (Moniz !and Lackson, 1967, Carvalho, 1970 and Gon~alves. 1978) that the Terra
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FIG. 1.
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BRAZIL

EIJ Terra Roxa Estruturada and Latossolo Roxo
formed on basalt.

i
!

Distributi~n of Terra Ro xa Estruturada and Latossolo Ro xo .

Ro xa Estruturada is predominantly kaolinitic, while the Latossolo Ro xo is gibbsitic

( 30-40% gibbsite). The most apparent difference between them lies in the morphology

of the B horizon: the Terra Roxa Estruturada having a blocky structure with fissure
and plasma separation (Brewer, 1964) and the Latossolo Ro xo a crumb granular or massive

structure with fluffy and loose consistence. Pedro et al. (1976) concluded that the

difference is mainly a question of pedoplasmatic nature, the evolution from the first
to t he second resulting from the continuous deionization of the material. This
induces, at the same time, the superficial iron adsorption of the secondary

constituents and the, gradual inactivation of clay minerals.

The relationship of Terra Ro xa Estruturada and Latossolo Roxo with the topography is

well known at Sio Pa~lo State: Terra Roxa Estruturada is related to strongly undulated

slope s, while Latossplo Roxo is related to gentle undulating topography.

Ins 0 mea rea s , as f oir examp 1e Rib e i rio Pre to, the s e s 0 i 1soc cur tog e the ron a

topographic sequence and the same relationship is found (Carvalho, 1970, Gon~alves,

1978 ) . '

The main objective ~f this work was to study the formation of these kaolinitic and
gibb sitic material occurring on a topographic sequence pnd the methods of study were

mainly micromorpholo~ical.

For t hi s purpose, it has being selected an area in Ribeirio Preto, State of Sao Paulo,

located appro ximately 340 km north of sio Paulo City.

GENERAL CHARACTERISTICS OF THE AREA

Geology

The materials under jexami na t i on were formed on basaltic rock of lower cretaceous age,
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and included in; the Serra Geral Formation. This Formation (Almeida, 1964) consists of
I

se ve r a l lava fl pws, each one ranging in thic kness f rom 15 to 50 meters. This rock is

described as a i t hol e i t i c basalt (thin section micrograph - photo 3) having mainly
1

calciplagioclas ~ (andesite and labradorite), clinopyroxenes (augite and pigeonite) and

magnetite, ilme~ite, titanomagnetite. The accessory minerals are mainly volcanic

gla ss, apathite~ hornblende and pyri te. Near the contacts of the lava-flows amygdales
filled with zeo~ites, calcite, quar tz and chlori te are found.

Topogr a phy

The topography ?f the area is dom inated by ancient remnants rlslng above a gentle

undulating surf~ce. These remnants can occur as isolated hills and as continuous high

flat interfluve~. In the study area (photo 1) we find an isolated hill with a gentle

round top, givi ng way to a more exten sive steep slope (above 50%) that breaks sharply
I

into a very long slope (2 to 10%).

The Soil sequen~e

I n the remnant previously described, Te r r a Ro xa Estrutu rada and Latossolo Ro xo occur
I

in a close relationship with the topography (photo 2). Terra Roxa Estruturada is
1

r e l a t ed to the more extens ive steep slope while Latossolo Roxo is related to the long
I

ge nt l e slope. The Terra Roxa Estruturada (profile I) changes downslope, through

intergrades, in to Latossolo Ro xo (profile II).
i

The unde rlying ~ a t e r i a l is a rather weathered basalt with no weatherable primary
I

mi ner a ls present but with the struc ture preserved . Mi ne r a l s of the kaol i ni t i c group
are the main secondary mineral present.

A stone line is ,obs e r ved within the soil material in the entire sequence (photo Z). At

the upper .pa r t of the s10pe (photo 4) the stone line is formed by large blocks of

basalt having only a thin cortex of alteration, with no l ithorelictual nodules. In the

midd1e part (ph oto 5 - p1ate I ) the basal t blocks are smaller, rather weathered and
'mi xed with a la ~ge amount of lithorelictual nodu1es. In the lower part (photo 6) the

I

bloc ks are compl;etely weath ered and only the external forms subsist . The stone line
in this case, i ~ formed essentially by concretions (lithorelicts with ferruginous
outerband).

Figure 2 presen ~s a schematic diagram showing the distribution of the weathered
I

ma t e r i a l s and s~ils on the topographic sequence.

It can be obser ~ed that the Terra Ro xa Estruturada on the steep slope, is in contact

with basaltic bl jocks containing weatherable minerals. These blocks are both the
boulders in the is t one line and rock fragments mixed with soil. On the contrary, the
Lat os s ol o Ro xo dont a i ns only lithorelictual nodules completely altered. It can also

be obs erved the presence of concentrations of se condary s ilica at the base of Terra
Roxa Estruturada: profile, wh i ch disappears progressively towards the Latossolo Roxo
profile. Finally one can see that the destruction of the inherited structure of the
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2 [S:) Pe do t urbe d Le a t he re d • • t e r l al
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1 [S]] Weatliered b~S .lt (wit h pre se rv ed struct ur e )

FIGURE 2

Sch emati c di ag ram of th e
topograp hi c se quence studied.

basa lt ( or pedotu rb ation) f ol l ows a fr ont marki ng t he t ra ns iti on between the alte rit e
and t he lIB horizon~ . Downslope, towards the Latosso lo Ro xo this front becomes mo re
and more de ep, relative to the stone line level. In the typic and well deve loped
Latosol the fr ont is situated several meters be lo w the stone line.

The main mineralogical and chemical characteristics of the different minerals occurring
i n th e sequence a re showed in Table 1 .

TABLE 1. MINE RALOGICAL AND CHE MICA L CHA~ACTERIS T ICS OF PROFI LES I AND II AND OF BASALT.

Chemica l Composi ti o n
Prof il e Ma t e ri al ! -- -- Mi ne rc!logi ccl l Composi ti on

Si OZ AI Z03 ' eZO) CaO HgO Si OZ/A I Z03

B Hori zon (I ) 15 . 9 Z5 . 7 Zg .O <O. OZ 0 . 05 1. 0 Kao l ini t e Gi bbsi te Hema tite
I .. .. Ma gneti te

l IB Hor i zon { I I ZO .6 Z4. 3 ) 1. 0 <O .OZ 0 . 05 1 . 4 Kao li ni t e Gibb s ite Hema ti te... • + Magne ti t •II
II B Hori zon (2 ) Z4. 1 16 . 4 ) ) .1 ~O . O Z 0 .05 Z. 5 Ka o l i n ; t ic ( Sii i ca) Hema t i t e

Mi nera ls Magne t; t e
;

Al te r i t e Z7. 6 18 . 8 Z6.8 O. OZ 0 . 05 Z. 5 Kaol i n i t i c ( Sil i ca ) Hema t t t e
Mi ne ra ls Magnet i te

B Hod za n <I ) Z5. 5 Z5. 3 Z5 .0 O.OZ 0 . 40 1. 7 Kao l i n i t e Gi bbsi t e Hemati te
+ +++ . Ma gne t ite

B HOrl zan (3) Z5.2 Z4 .0 Z4. 1 O.OZ 0 . 45 1.8 Kao li nit e Gi bbsit e Hem a ti te
.. +++ . Magnet iteI

liB Horizon 31. 7 15 .7 Z3. 5 O. Z1 1. OZ ) . 4 Kao l i ni t i c S iI i ca Iron Oxi de
Mine ra ls Magnet i te

Alter ite 3) .0 14 . g Z4 . 7 0 . Z3 1. Z6 3 . 8 Kaolini ti c S i 1 i c a I ron Oxid e
Miner a l s Weathere d Magne t i t e

Pri m. Mine r

Bas al t 50 . Z 13 .3 16 . 1 5 . 8 4.5 Pr imary Minera l s

( 1) Powde ry ~a t er i a l f or ming mi c rope ds ; (2 ) Weat he re d roc k - l"i th or e li c t s ; (l ) l ar ge stru ctu ral ma te r i a l .
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,
The mi c r osc opic : char ac t er iz a t i on of t he studied ma terial s will be presented for each

I

one of the two ~ r o f i l e s l from the bot tom t o the t op , i.e., starting fr om the parent
r ock . I

Pro file I - Ter ra Ro xa Es t ruturada (Plate II)
i

The basaltic s truc t ur e i s prese rved in t he kaol i ni t i c alteration mat erial (photo 7) .
The opaque mirierals (magnetite, ilmini te, . . . ) are pulveri zed (compa re with pho to 3) .

I
Iron concentr~tions of red col our seem to develop in the S-matrix ar oun d t he voids .

Co n c e n t r a t i o n~ of secondary s ilica (silans) are observed on the pore walls . Some
l a rge f i s s ure ~ are fi l l ed i n wi th fe rri-a rgilans.

Fr om this alt~rite, a pedoturbed materia l is for med in the lIB hori zo n ( pho to 8 ) and

the inheri ted is t r uc t ur e of the basalt dis app ears a l mos t completely. One recogni ze s
I

sec onda r y sili;ca con cen tra tions and iron oxydes wi th di ffuse limits.
i

In the ston e l ~ne ( phot o 9 ) the boulders are formed of near ly fresh basalt, with onl y
a cor t ex of a l ~eration.

Ab ove t he s t o n~ line, th e B hori zon , is ma cro s copically characterized by a continuous
s tr ucture, breFking down into block s separated by fiss ures . Under the microscope
(photo 10 ) this mater ial seems to be cons t i t ut ed by few skeletons (opaque minerals)

;

and in pa rticu Jar by a pl as ma having t wo differen t a s pec t s :

deep red with argillasepic fabric, rather spheric volumes (1 00 - 200 ~ diameter)

presented as . micro -nodules or micro-p eds (MP);
ye l l owi s h r ed with pla s mic separation , forming the S-matr i x .

Locall y, one observes at thin sections, the transition between the continuous structu re

and a material havi ng a mi c r o- aggr ega t ed structure. When this transition is clear

( phot o 11) one can see the conti nua t i on of the f i s s ur e s t houghout both materials .
Thi s means tha t the mic ro-peds as well as the interstitial porosity which split them,

ar e deve loped "i~ s i t u" (m ay be as an effect of e l l uviat ion of t he ye l low-red plasma

whi ch is no more presen t in the micro-aggregated ma terial). The chemical analysis
( Tab l e 1) show th at a relat ive Al enr i c hment f o l l ows the micro-aggrega tion (5 - 10%
gibb site ) . The microscopic observation of the samples of the B horizon shows that the
volume s occ upied by th e micro-aggregated mat erial increases downwards in the seq uence,
mar king t he prog ressive t ran s i tion to Lato ssolo Ro xo.

Profile II - Lat osso lo Ro xo ( Pl a t e III)

In t he wea ther ~d roc k (photo 12) t he basalt inheri ted st ructure is wel l pres erved.

One can see that the secondary silica concent r a t i ons ( s i l ans) are no more continuous:
they appear as ' i s o l a t ed islands , oriented accord ing the lines of ol d f issures, now
f il led in with 'kaol i ni t e . This seems t o indi cate t ha t t he exis ting silans are
inherited from ·an old evolution phase ( silica illuviation) followed by a
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desilicification and neoformation of kaolinite. The analytic results (Table 1) show

th at the molecula~ ratio Si02/A1203 of the weathered rock decreases from 3 .8 for
profile I, to 2.5 :for profile II, indicating a progressive elimination of excedent
silica (not combined silica).

I

The pedoturbed material formed from this alterite in the lIB horizon, is shown in
I

photo 13, and one ican see the volumes with structure inherited from basalt (W). One

can recognize her~ concentrations of dark, red isotropic plasma placed between the

plagioclases reli 9ts and including sometimes opaque minerals. Out of the

pedoturbation front (F) these volumes are separated by voids (V) while the opaque
I

minerals are pulverized and the plagioclases firstly break down and then disappear
I

progressively. Thus, it changes very rapidly (over 1 mm) into a material formed
I

essentially of micro-peds (Mp) of dark red plasma. The continuity of this
transformation an1 the shape and the arrangement of the micro-peds (like in a jig-saw

puzzle) indicate that they are developed in situ from the alterites. The chemical
I

analysis (Table 1) shows that this micro-aggregates corresponds to an important
I

relative accumula~ion of aluminum together with a removal of silica and iron

(molecular ratio ~ i 0 2 / A 1 2 0 3 changes from 2.5 in the alterite to 1.4 in the micro­
ped). The neofor~ed gibbsite (20 %) identidied by X-ray is not visible under the
microscope.

I

In the stone line J the nodules and concretions (photo 14) preserve the structure
inherited from basalt. But the plagioclases are completely transformed into finely

i

crystallized gibbsite. The opaque minerals are not very abundant and the iron is
I

present, between the plagioclases and in the corte x, in the form of dark red hematite.

Above the stone line the B horizon is formed essentially by micro-peds of
approximately 100. u of diameter (photo 15) stuck to each other. It is clearly
recognized the agglutinic-related distribution pattern considered by Buol & Eswaran

(1978) as characteristic of latosols.

The SEM observation shows that the micro-peds are assembled as a very porous
organization, localJy interlocked. This material. easily penetrated by the roots and

by the soil fauna, presents in many places, evidences of bioturbation (Jongerius, 1970).

In Table 1 it can b~ seen that this material has a molecular ratio Si02/A1203 of
approximately 1 and: near 30% of iron content. It is essentially formed by a plasma
composed of oxy -hydr-a t.es of iron and aluminum (hematite and gibbsite) and kaolinite,

which are not identified in the optical microscope or SEM.

DISCUSSION

Considering the field observation, and the results obtained it is possible to present
some consideration~ about the mineralogical and structural transformation occurring in
the different mate r,ials from the upper to the lower part of the sequence and from the

base to the top of .t he profiles:

The weathered rock observed at the footslope (Profile I) presents con~inuous silans,
Ias a result of recent silica illuviation coming from the alteration of basalt. The
I
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progressive ~isappearance of the silans downwards can be considered as a result of
i

t he steep sl~pe bac kwards (and consequently a receding of the silica source).
I

The destructi~n of the basalt preserved structure seem to be different according to

its situation
j

in the topographic sequence . In the bac kslope , down to Pr ofile I

(Terra Ro xa 8s t r ut ur ada ) the ab undance of sili ca and bases seems to inhibit both t he
I

micro-aggregaition and the formation of gibbsite . Downwa r ds , in Profile II (Latossolo

Ro xo ) the lo~er co ntent in the medium, allows the tra nsformation "in situ " of the

alteratio n m~terial ( kaol ini t i c ) into an assemb lage of micro-peds hav i ng 10 to 20%

gibbsi te. D ~wnwards the fr ont correspo ndi ng to this micr o-aggregati on dee pens more
and more i n ~h e a lterite.

I

The sto ne l i ~e i s formed at t he ba s e of the ta l us i n the steep s lo pe, by acc umulation

of basa lt b l ~CkS coming fro m t he a lteration materia l where they were i ncl uded . These
bou lders cha~ge gradually into smaller blocks which are progressively mor e weathered

I
and mixtured it o increasing amounts of lithorelictua ls gibbsitic nodules . This

I

progressive c~anging can be also explained as a result of a slope backwards, leaving

behind, on th~ surface of the material with preserved basaltic structure, boulders

that would be! gradually weathered in situ . Finally, in the typic well developed
la tosol, a stone line formed by some li thorelictual con cretions will rest, separating
the micro-agg'regated material developed in si tu, from the transported and porous one,
s i t ua t ed below.

The B horizons , below the stone line, in the backslope of the sequence, and down to

Profile I, are affected by the pro ximity of the alterating rock, which liberates a
considerable qua nt i t y of silica and bases . In this case also, the saturation of the

medium inhibi ,ts the micro -aggregation and the format ion of gibbsite. The materials,
formed essential ly of kao linite and ferr ic hydr a t es, pr e s e nt co ntinuo us struct ure,

wh ich br ea ks down i nto blocks li mi t e d by fissures . The micro -structure i s
chara cter ize d by t he ab unda nc e of plasmic separati on, res ulting from ten s i on and
press ures or i gin a t ed by swe lli ng and contraction. Getting away from t he si l ica and
base sources t here is a progressive desaturation of the medium . Thus, there occurs

a developme nt of volumes of more colored plasma (hematitic) which is is otropic and
rather s phe r ic : they consist of nodules (Brewer, 1964) or micro-nodules (Pedro et al.,
1976 and Chauve l , 1977) and also, micro-peds . When they become dominant a continuou s

and stable structure, where an i nt e r st i t i a l porosity is developed,is formed. It can
be a l s o obser~ed a relative aluminum accumulation together with the micro -aggregation.

The final product is a latosolic material (o xic horizon) which is very porous and
easily penetrated by the roots and the soils fauna, originating .the observed
bioturbations . These transformations, both mineralogical and micro-structural occur
successively ,f r om the top to the bottom of the sequence. It can also be admitted
that the tra ~sformation occurs li kewise as a function of time (leaching dur a t i on)
t oge t he r with the slope regression. This continuous evolution from a ferri - kaolin itic

pedop lasma under the i nf l uence of l ea chi ng duratio n gi ves or i gi n to an oxic-

"1ate r it i c " ho r i z0 n ( Pedroe t a1., 1976 ) .
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CONCLUSIONS
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The formation of the; latosolic cover in the region of Ribeirao Preto can be considered
as resulting from th!e mineralogical and structural transformations following two axes:

I

i ntheve r tic a 1 s e:n s e, a t the bas e 0 f the 1a to sol, the we a the red and ka0 1i ni zed

basalts , with pres~rved structure, change directly into micro-peds, i.e., into a

pedologic structur~. This transformation is followed by a silica loss and a relative
I

aluminum accumulat~on. The process only goes on if the medium has already been
leached, assuring ~ h e deepening of the latosol downwards;

in the lateral senbe, from the talus with steep slope, where basalt blocks are
I

liberated by erosi~n, a progressive transformation affecting different profile
I

1ayers is observed!:

the weathered rO~ks are initially enriched in silica and basic cations and further

progressively defaturated of these elements but keeping relicts of the initial
silicification; ~

I

i
the stone line wrich presents all the transformations stages from the fresh basalt
to lithorelictua~ concretions (gibbsitic and hematitic);

the B horizon, iritially kaolinitic, well saturated with basic cations and well
structured, become more and more desaturated, gibbsitic and micro-aggregated
downwards.

This progressive, lateral transformation seems to be an evidence of the slope back­

erosion, leaving behjnd materials that become gradually latosolic.

Finally, it seems thpt the slope back-erosion and the latosolic evolution contribute

to topography penepl~nation and to generalized extension of the micro-aggregated
lateritic cover.
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PLATE I

Photo I . La nds ca pe view showing one of the a nc i e nt r emnants .

.c­
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Photo 2 . Road cu t showing the topogr aphic seq uence:

WB Weathere d Basalt
»

SL - Ston e Line (with i ndi ca t io n of Photos 4 , 5 a nd 6 )

I - Blo cky str uctured soil profi le (Terra Ro xa Es tr uturad a)

II - Latoso l prof i le (Latosso l o Ro xo)

Photo 3 . Th in se c t i on mi crograph of t he basal t

PI - Pl ag ioc lase; Py - Pyr oxen e; 0 - Opaqu e mi nerals ;

Vg - Volcanic g lass ; V - Voids

Photo 4 . St one l i ne on the upper pa r t of the sl ope, sh ow ing l arge bloc ks of

basa lt with a n a l t e r a t i on co rte x and so me l i t hor el i c tu a l nodu les .

Phot o 5. Stone l i ne a t the middl e part of the s l ope , con tainin g boulders of

basal t r a t he r weat hered and l i th or e lic t ual nod ules.

Phot o 6 . Sto ne line at t he l owe r part of the slo pe , havi ng hea vy few blocks
of completel y weathe red basalt and a lar ge am ount of l i t hore lic t ua l

ferr ugin ous an d al umin ous concret i on s .
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PLATE II - THIN SECTION MICROGRAPHS OF PROFILE I ­
BLOCKY STRUCTUR ED SO IL (TERRA RO XA ESTRUTURADA) ,

Photo 7 . Weathered basalt in t he middle part of

the slope (cross pola r ize d l i g h t ) :

K - Kaolinit ic material with preser ved

struct ure of ba salt; Si - Secondary s il i ca
._---_ _---- - - - - -- -_._--_._---_._--- -------_ -
concentrations ( si l ans ) ; 0 - Opaq ue mi ne r a l s ;

H - Hematite; V - Voi ds.

Photo 8 . Soil material below the stone line showing

the contact soi 1 and weathered rock

(crossed polarized light):

K - Kaolinitic material; Si - Secondary

silic - concentrations (silans); H-Hematite;

o - Opaque minerals.

Photo 9 . Block of basalt with a corte x of alteration

(W) from the s t o ne li ne (crossed po larized

1i gh t ) :

Pl - Plagioclase; Py - Pyro xene; 0 - Opaque

minerals.

Photo 10 . Soil material above th e s t one line, with

continuous structure (crossed po l a r i ze d

1i 9h t) :

Mp - Round micropeds, made up main ly of red

argillasepic plasma; Sm - Yellow a nisotropic;

S - Matri x .

Phot o 11 . Soil material above t he s t o ne l i ne show i ng the

transition from a contin uou s s t r uc tur e ( on the

l e f t ) to a microaggr egated structure (on the

rig ht) . Observe the continuation of t he

fissures in both mater ial s.

PLATE I II - MICROGRAPHS OF PROFILE II - LATOSOL
(LATOSSOLO ROXO) ,

Photo 12 . Thin section of weath ered bas a lt a t the lower

part of the slope (cro s sed po larized light) :

K - Kaol i ni tic ma t e r ia l with pr es e rv ed

structure of ba s a l t ; Si - Lnh e r i t e s' s e con da r y

si lica concentrat ions (si lan s). Rema r k th e

s mal l e r amount and d i s co nt inuity as compare d

to Photo 7 :

o - Opaque miner als .

Photo 13 . Thin section of the s oi l mater ial be low the

stone line showing the contact soil and

weathered rock (plain l i gh t ) :

W - Weathered roc k ; F - Pe t o t u r ba t i o n front;

Mp - Micro -ped (remark the matching as in a

jigsaw puzzle) ; V - Voids; H - Hematite.

Photo 14 . Thin section of t he lithorelictual concretion

of the stone line (cro ssed polarized light):

G - Gi bbsite; V - Void s; H - Hematite; F ­

Fe rr ug i nous outer band.

Photo 15 . Thin s e c ti o n of the s o i l material a bove the

stone line, with micro .aggregated structure

( c r os s e d pola rized light ):

MP - Micro -ped with agg lutinic SRDP (Eswaran

et a l., 19 75); V - Interpeda l vo i ds ; 0 ­

Opaq ue minerals .

Photo 16 . SEr~ of the same materia l a s sho wn in Photo

15 :

Mp - In t e r l ocke d micrope ds, i nd icating in

situ formatio n; V - Voi ds .
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