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ABSTRACT

The aim of this work was to evaluate the mineraaligand chemical characteristics of most represtwveasoils of
the Region of Curitiba, Parana State. Samples weliected at different depths. The results showadthe quartz
was the only identified mineral at the silt and dainactions. The dominant clay mineral was Kaoénitvith
contents ranging from 676.7 to 820.8 g'kdhe gibbsite was also an important constituerthefmost weathered
horizons and the hematite and goethite contentsev@w, mainly in the Histosol; (b) at the C horizoh the
Inceptisol, high intensity of vermiculite/smectigflections were detected (X-ray diffraction), jiyshg the high
capacity of expansion and contraction, normallyvséd for this soil horizon; (c) was observed a goeldtion
between pedogenetic degree and crystallographieraircharacteristics.

Key words: Kaolinite, crystalline and amorphous Fe and Al oxides, 2:1 minerals, XRD

INTRODUCTION geology and soil characteristics, which could
providesubsidies for the engineering works, urban
The soil is a product of five factors (parentplanning and environmental gquestions (Kormann
material, clime, landscape, time and organism) anet al., 1999). The geological formation of this
four processes (addition, removal, translocatioiegion comes from the Quaternary Period, formed
and transformation). As a result, is observed a bigy fluvial sediments, called Guabirotuba
soil diversity in the landscape with morphological,Formation (Bigarella and Salamuni, 1962). This
physical, chemical and mineralogical distinctformation consists of less consolidated sediments,
characteristics. Due to these characteristics, trgonstituted by claystones and sandstones
pronounced effects of the granulometry andSalamuni and Stellfeld, 2001). In the soils under
mineralogy of the soils of the urban regions at thelominion of the Guabirotuba Formation, the
planning and impact of the antropic activities haslayey texture prevails, with the expansive clays
been shown. presence, but with contributions of the silte and
The necessities and the problems due to the fasandy fractions (Santos, 2002). The mineralogical
population growth of Curitiba and Metropolitan data available about the Guabirotuba Claystone
Region has to the development of studies aboltormation indicated that there was the
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predominance of the smectite group, possiblyl994). This way, its specific area gets restricted to
montmorilonite (Massad et al., 1981). Howevergexternal surfaces, what, allied to the little charge
the soil profile presented characteristics preferablgf the mineral, results into a reduced CEC.
associated with the kaolinite (Boszczowski, 2001).The Fe (hematite and goethite) and Al (gibbsite)
The secondary 2:1 minerals have an octhaedrakides are also important constituents of the highly
sheet that shares oxygen atoms between tweeathered soils of the humid tropics. Normally,
tetrahedral sheets. The principal examples of thidese oxides determine the color and influence the
class of mineral are, with more occurrence in thstructure and ionic change reactions of the soils. In
soils, vermiculite and montmorilonite (smectite)addition to its effects at the physical-chemical
(Schulze, 1989). Within this group of minerals theproperties of the soils, the Al and Fe oxides are
distinction between expansive (montmorilonite),indicators of pedogenetic environments
limited expansibility (vermiculite) and non- (Fitzpatrick and Schwertmann, 1982).

expansive (illite and hydroxy-interlayered In addition of the mineralogical composition of the
vermiculite - HIV) must be considered. Theclay fraction, the nature and the crystallographic
vermiculite presents most part of the isomorphicharacteristics of the minerals are important to
substitution at the tetrahedral sheet§’(By AI*"),  define the physical-chemical behavior of the soils.
resulting into a high structural charge and higtHigher activity in the soil (higher capacity of
cation exchange capacity (CEC), where thedsorption, water retention, etc.) is related to
average value is around 150 cplkd* (Douglas, minerals with higher specific surface (defined by
1989). The high structural charge results into aize and form), higher density of superficial
high adsorption energy of hydrated cations amonglectric charges and lower crystallinity degree.

2:1 units, maintaining the units together; for thisThe objective of the present was to study the
reason its expansively is considered limited. Omineralogy of the principal classes of soils of the
the other hand, the montmorilonite (smectiteMetropolitan region of Curitiba, Parana State,
presents isomorphic substitution, preferably at thencluding the crystallographic characteristics of the
octahedral sheets (Xlby Mdg™), responsible by minerals.

the CEC average value of 100 cmokg’

(Borchardt, 1989). Due to the smallest quantity of

charge and the farthest distance of the structurBATERIALS AND METHODS

charges, the water molecules and the intercalated

cations cause the expansion of the mineral. As he studied area corresponded to the metropolitan
result of the smectite high activity, the region of Curitiba, located in the South of Brazil,
subsuperficial horizons of the soils developedyt the First Paranaense Plateau, between Serra do
from claystone of the Guabirotuba Formationmar (west) and Devoniana Cliff (east), belongs to
present expansion and contraction CharaCteriStiCﬁydrographic basin of Alto Iguacu, with average
which ones must be observed, for example, at thgiitude of 920 m (IPPUC, 1991). Curitiba’s region
engineering works. clime has been classified as Cfb type, according to
The kaolinite (Kt) is the most important mineral OfK(’jeppen’S, defined as mesotermic humid and
the groups of the 1:1 phylosillicate minerals, and isuper humid. The annual average temperature is
considered the major mineral of the soils16.5°C, being 20.4C in the hottest months and
developed under humid tropical conditions (Singhi2.7°C in the coldest months, with occurrence of
and Gilkes, 1992). The Kt is composed of &requent hard frost. The annual average
tetrahedral and an octahedral sheets, whichrecipitation ranges from 1,400 and 1,500 mm and
constitute a single 0.7 nm layer in a triclinic unitis regularly distributed for all the months, and the
cell. Two-thirds of the octahedral positions aregjr relative humidity is around 81% (Maack,
occupied by Al ions, and the tetrahedral positiong 969).

are occupied by Si ions. The surface OH's bongthe three major soil classes of the metropolitan
through their H's to the O plane of adjacent layefegion of Curitiba occupied around 87.5% total
(Grim, 1968). Consequently, expansion does nQirea, distributed among Cambisol (60%), Latosol
occur and there is no access of cations and watgr794) and Organosol (10.5%) (EMBRAPA, 1984
between the layers. As a result of very little or ngand 1999). Representative soil for each class was
isomorphic substitution, its CEC is pH dependentgelected and sampled (Table 1) on the
where the average value is 10 cgiaf*(McBride,
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Experimental Farm of Canguiri (Federaland C horizons; total of 6 samples), the samples
University of Parana), located at the metropolitanwvere dried and sieved (2 mm) for mineralogical
region of Curitiba, in Pinhais city (PR). After the characterization. The particles-size was
collection of soil material (Histosol — H horizon, determined by pipette method (EMBRAPA,1997).
Oxisol — A and B horizons and Inceptisol — A, B

Table 1 — Granulometric analysis and soil organic carbsoc) content for soils from metropolitan region of
Curitiba - Parana State - Brazil

Fraction

Sample Brazilian u.s. Sampling . Fine Coarse Total
No. classification Taxonomy1 Horizon depth soc* Clay Sil Sandy sandy sandy

cm g dr? g kg
1 Organosol Histosol H 0-60 93.6 669 252 61 19 79
2 Latosol Oxisol A 0-30 275 457 221 161 161 322
3 Latosol Oxisol Bw 30-220 5.7 604 174 116 106 222
4 Cambisol Inceptisol A 0-34 353 602 90 213 95 308
5 Cambisol Inceptisol Bi 34-99 8.8 488 257 198 57 552
6 Cambisol Inceptisol C 99-200 3.9 356 418 208 19 26 2

! Approximate correlation with U.S. Soil Taxonomy.
2 Soil Organic Carbon (Pavan et al., 1992).

The soil samples were treated with sodiumabsorption spectrophotometry. After the attack by
hypochlorite for organic matter removal and withAO, the remained solid was washed with solution
0,2 mol L' NaOH for particles dispersion of 1 mol L* (NH,),CO; and deionized water to
(Jackson, 1979). After these treatments, the samdmove of salt excess. Then, the remained solid
fraction was retained in a sieve of 0.05 mm and thevas dried at 105 °C for 12 h and weighted in order
clay and silt fractions were separated byo obtain the amorphous Al and Fe oxides contents
sedimentation, based on the Stokes law (Gee aly weight reduction with the treatment.

Bauder, 1986). Random samples of sand, silt and addition, the crystalline Fe oxides (goethite — Gt
clay fractions were built up for the mineralsand hematite — Hm) were studied by XRD in the
identification by X-rays diffraction (XRD). The clay fractions concentrated samples, by the
diffractograms were obtained in a computeikaolinite (Kt) and gibbsite (Gb) removal through
controlled  Philips PW  1050/70 vertical the extraction with boiling 5 mol'tNaOH, for a
goniometry, with a angular speed of @°tin® period of 1.5 h in sand bath at 2%D (Norrish and
and horizontal scale ranging from 4 to 68.°Zhe  Taylor, 1961). To avoid dissolution of Fe oxides
diffractometer, equipped with Ni filter and usingwith high isomorphic substitution of Fe by Al
CuKa radiation, was operated at 20 mA and 4dKampf and Schwertmann, 1982), penta-hydrated
kV. Additional treatments were made toSodium meta-silicate (N&O;5H,0) was added,
differentiate the 2:1 secondary minerals of the claj? @ NaOH solution (final concentration of 0.2 mol
fraction (Whittig and Allardice, 1986): saturation L™ Si). The residual sodalif@Na,Al;Siz0:(OH)],
with Mg and glycerol, with K and dryness at 550formed during NaOH treatment, was removed by
°C in muffle. After the treatments, the samplegWo successive extractions with 0.5 mct HCI
were built up in glass slat (parallel-oriented(Singh and Gilkes, 1991).

samples), and analyzed by XRD, at an horizontakfter washing to remove the salt excess, the 5 mol
scale ranging from 3 to 1592 L™ NaOH residue was analyzed by XRD (random
To determine the amorphous Fe and Al oxides ang@mple) at an amplitude from 10 a 46 and
crystalline Fe oxides contents and chemicagoniometer speed of 0726 min™. NaCl was used
composition, clay fraction was submitted toas internal standard for instrumental distortion
extractions with 0,2 mol £ ammonium oxalate, correction (position and width at half maximum
pH 3,0 (AO) (McKeague, 1978) and dithionite-height). The Gt/(Gt+ Hm) ratio was estimated
citrate-bicarbonate (DCB) (Mehra and Jacksonpased on the peaks area of the minerals, according
1960), respectively (Melo et al., 2001b). The Fdo Torrent and Cabedo (1986). To quantify the Hm
and Al contents were determined by atomic@nd Gt at the clay fraction, it was promoted the
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FeO; content allocation obtained with DCB in degree, where the C horizon had the highest silt
these minerals considering the chemical formulagontent. The silt content in the Oxisol samples
Gt/(Gt+Hm) ratio and isomorphic substitution ofcould be considered high, since they are highly
Fe by Al (1S) (Melo et al., 2001b). The IS of Gtweathered horizons. According to Melo et al.
and Hm was estimated by the peaks position 2000) this fact could be attributed to the
these minerals (Schulze, 1984 and Schwertmarnnefficiency of the dispersion method for more
et al.,, 1979, respectively). The mean crystaleathered soils, in which the silt was mainly
diameter (MCD) of the Hm and Gt was calculatecconstituted by micro-aggregates of clay minerals
from the width at half maximum height (WHH) of with high stability, cemented by Al oxides.

the Hm (104) and (110) reflections and Gt (110)The sand fraction samples were constituted only
(130) and (111) reflections using the Scherreby quartz (Fig. 1), due to a high resistance of this
equation (Klug and Alexander, 1954). To obtainmineral to weathering. The quartz presented tri-
the WHH @ value), the adjusted equation by Melodimensional arrange of Si-O-Si covalent bonds
et al. (2001b) from the data presented by Klug antSchulze, 1989). As in the sand fraction, the silt
Alexander (1954) was used. The specific surfactaction was dominated by quartz.

(SS) of Hm and Gt were determined using MCD

values and geometric forms of these mineralExtraction of amorphous Fe and Al oxides
(Fontes and Weed, 1991). The MCD of the Gb an(ammonium oxalate — AO) and crystalline Fe

Kt was calculated from the WHH of the (002) andoxides (dithionite-citrate-bicarbonate - DCB) in
(001) reflections, respectively, in desferrated clayhe clay fraction

sample (treated with DCB). The Kt crystallinity The contents of amorphous Fe and Al oxides were
index was calculated from the diffractogramssmaller for the Oxisol than for the Inceptisol
(XRD) of random samples, following the samples, and the Histosol stayed into an
procedures presented by Hugues and Browimtermediate position (Table 2). It was also
(1979). observed that for the same soil class, this increased
Simultaneous differential thermal analysis (DTA)with the deep, indicating that the soil age was not
and thermogravimetric analyses (TG) of theenough for these minerals crystallization. The
desferrated samples were carried out using @issolved material (AO) was constituted mainly by
Shimadzu DTG-60 instrument by heating a 20 md\l (Table 2), with less iron minerals participation,
sample from ambient temperature to 1000 °C at 1¢orroborating with results obtained by Ghidin
°C min®, under N-atmosphere. The chemical and(2003). The material extracted by AO has been
mineralogical determination data were submitteghown to be highly effective on adsorption
to simple correlation analysis (Pearson), using theapacity, due to high specific surface and great
program SPSS for Windows 10.0, with thenumber of superficial pH dependent charges
following significance for the r values:, (McKeaque and Day, 1966), conferring to the
significant at the 0.05 probability level:, horizons, for example, high phosphorus fixation
significant at the 0.01 probability level and;, capacity as well as heavy metal adsorption

significant at the 0.001 probability level. (Wowk, 2003).
The water of the amorphous material was found

under different forms: adsorbed/absorbed between
RESULTS AND DISCUSSION 105and 150°C (Jackson, 1979) and in the mineral

structure (crystallization and/or constitution) since
Particle-size  analysis and mineralogical the samples were dried at 10& before the
composition of the sand and silt fractions treatment. The ferridrite, an hydrated Fe oxide
The results showed that clay was the major so(2,5Fg05.4.5H0), precursor of the Hm
fraction for all soil horizons, ranging from 356 to (Schwertmann and Taylor, 1989), presented 17%
669 g kg' (Table 1). This predominance wasof structural water (Jackson, 1979). The water
expected, since the studied soils came fromontent of the amorphous material was calculated
claystone of Guabirotuba Formation whichby the difference between the weigh sample
originated, clayey to very clayey texture soilsreduction by AO extraction and the oxides sum
(Santos, 2002). Also, variation on clay and sil{FeO; + Al,Os) (Jackson, 1979) (Table 2). In
content in the Inceptisol profile was in accordancgeneral, the water contents of the removed
with the vertical decrease of the weatheringnaterial were not high, varying between 9.0 and
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28.3% in the well-drained soils samples. Only théiigher hydration degree of the amorphous
Histosol H horizon presented its water contentninerals of the clay fraction.
quite higher to the other samples, evidencing a

H Horizon - Histosol

B Horizon - Oxisol

Qz Qz

C Horizon - Inceptisol

Qz

Qz Qz Qz

—
N
—

20

Figure 1 - X-rays difratograms of sandy random sampleshef iistosol, Oxisol and
Inceptisol: Qz - quartz.
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Table 2 - Contents of amorphous iron and aluminum oxidegréction with ammonium oxalate - AO) and contents
of crystalline iron oxide (extration with ditionfgtrate-bicarbonate - DCB) of the clay fractioor fSoils from
metropolitan region of Curitiba - Parana Stateaz#r

Oxide/
Sample USS. Fe,0;  Al,O3 Total  Weight . s total” Fe,0; Fe0zA0/
No. P Taxonomy OA OA loss " reo, A0, DCB F%g%llaoc B
g Rg % ‘Y kg
1 Histosol H 1.0 16.9 17.9 36.5 51.0 5.3 94.70.5 2.111
2 Oxisol A 1.5 2.3 3.8 4.2 9.0 39.80.2 99.0 0.015
3 Oxisol Bw 0.9 10.3 11.2 12.3 8.9 7.7 92.3€0.6 0.009
4 Inceptisol A 2.1 3.2 5.4 7.5 28.3 39.80.2 114.1 0.019
5 Inceptisol Bi 0.9 40.1 41.0 57.0 28.1 2.2 97.803.9 0.009
6 Inceptisol C 0.7 48.2 48.9 64.0 23.6 1.4 98.61.2 0.013

! Total = sum of amorphous oxides {Bg+ Al,O5);

2 Weight loss = weight sample reduction by the AO treatmentigimveight - final weight)/initial weight * 1000];
3 H,0 = [(weight loss (AO) — oxides sum)/weight loss (AO)] x 100;

4 Participation of Fg; e AlLOsin relation to the total (sum of oxides).

The FeOs; contents associated with the crystallingphysical-chemical processes in the soils, such as,
Fe oxides (DCB) ranged from 0.5 to 114.1 g'kg the  adsorption  reactions, formation and
(Table 2). This amplitude was caused by the lovgtabilization of the aggregate, water dynamics in
content of crystalline Fe oxides in the Histosolthe profile, among others.
attributed to hidromorphic condition. The lowestThe development process of the soils involves Si
Fe05-DCB content (low pedogenetics Fe oxides)oss, where 2:1 minerals become instable and,
of the Inceptisol C horizon was related to the facthrough weathering, they form more equilibrated
that the element was still present in the primaryninerals with the environmental conditions,
minerals structure (low weathering degree). Argradually with a lower Si concentration (Kt and
evidence for this behavior was the highest silgibbsite — Gb) (Hsu, 1989). Analyzing the extreme
content for this horizon (Table 1). conditions, the highest Gb content was found on
Except for the Histosol sample, the values foundhe Oxisol A horizon (219.6 g k§j and the lowest
for the FeOs;-AO/Fe,05-DCB ratio were very low on the Inceptisol C horizon (81.0 g Rg(Table 3).
(Table 2), indicating crystalline forms dominance. The inverse relation between the Si and Gb
The higher organic matter (Table 1) andcontents in the soil was also reported by Curi and
amorphous Al and Fe oxides contents (Table Zyranzmeier (1984) and Melo et al. (2001b).
were verified in the H horizon sample. ThisThe crystalline Fe oxides contents (hematite-Hm
behavior was also observed by Melo et al. (2002and goethite-Gt) was low (Table 3) when
The humic fraction of the organic matter has aompared with soils derived from Fe rich parent
strong inhibitor effect on the Fe oxidesmaterial, as the basalt (Ghidin, 2003). The higher
crystallization (Schwertmann et al.,, 1979),Gt content in relation of Hm in the samples could
favoring the reduction of this ratio with the soil be explained by the shortage of parent material in
deep (Table 2). These behavior was evidenced lie; the complexity action of Fe by organic matter;
the high correlation found between organic carbothe cold and humid climate of the region
content and FE®;0A/Fe0O;DCB ratio (r=0.9§). (Schwertmann and Taylor, 1989). However, a high
Another factor that limited the Fe and Al oxidescorrelation coefficient value between the Hm and
crystallization in the Histosol H horizon was theGt contents in the soil (r = 0.93 was observed,
hidromorphic condition (Wowk, 2003). suggesting that there was an association between
the crystalline Fe oxides formation.
Mineralogical composition of the clay fraction The vermiculite occurrence in acid soil may
Kaolinite (Kt) was the dominant clay mineral in all originate the hydroxide-interlayered vermiculite
studied soils (Fig. 2), where its contents range@HIV) by Al polymerization and partial fitting of
from 676.7 to 820.8 g ky(Table 3). Hence, even the 2:1 interlayer minerals (Harris et al., 1988).
presenting lower CEC than 2:1 minerals (McBride,The presence of Al- hydroxide may enhance
1994), the kaolinite affected many importantstability to the 2:1 minerals, making that in natural
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systems, Kt, Gb and HIV can be found together ipeaks for Gt (130) and for Hm (104) (Table 4),
the clay fraction of the soils (Harris et al. 1988). Indue to the proximity between these reflections. In
the present study, the HIV formation (Table 3 andddition to that, there was a limitation in the mean
Fig. 2) was favored by the high Al activity on thecrystal diameter (MCD) determination for Gt
soils horizons (AP contents varying from 0.5 to (130) in the Inceptisol C horizon, as result of the
11.7 cmal kg' - Pires, 2004). The HIV low oxides crystallinity (initial stage of formation).
occurrence, mainly in highly weathered soils isThe MCD for the Gt (110) and (111) and for the
important, due to its high specific surface and CEGIm (104) and (110) was similar to most of the
(Sparks, 1987). The HIV was not the only 2:1samples (ratios between the MCD values near 1.0 -
mineral observed on the youngest horizons of th&able 4), indicating the iso-dimensional form of
Inceptisol (Table 3). Was also observedhese minerals in humid tropics (Fontes and Weed,
vermiculite, in the separated phase in thes&991).
samples, indicating that the pedogenetic proceda the minerals, which tend to have spherical
was not sufficient to allow the Al-hydroxide forms, like Hm and Gt, the increment in their
islands formation. With the treatments made in th@olume results into reduction of expose area per
clay fraction (Whittig and Allardice, 1986), the mass unit, that is, specific surface (SS) diminish.
smectite was also observed in the B and @ccording to Curi and Franzmeier (1984) the Gt
horizons of the Inceptsol (Fig. 2). The differencehas a bigger SS, consequently a higher activity and
between 1000 g kgand the minerals sum on the adsorption capacity than the Hm. In general, the
C horizon was 106.7 g KyTable 3). Considering MCD values found for the Hm were higher than
that a great part of this difference could behe ones verified for the Gt, what resulted,
attributed to the vermiculite and/or smectite (onlygenerally, into a smaller SS for the Hm (Tables 4
qualitative analysis by XRD - Fig. 2), theseand 5).
confirmed the results of Massad et al. (1981), iThe isomorphic substitution values of Fe by Al
which the high activity of these minerals was(lS) within the Gt structure varied from 70.5 to
responsible by the expansion and contraction df41.9 mmol mét (Table 5), with an average of
the youngest horizons originated from claystone 0£00.6 mmol mot. On the other hand, for the Hm,
the Guabirotuba Formation. as it was expected (Schwertmann et al., 1979), the
IS values were lower, staying between 6.3 and
X-ray diffraction (XRD) based minerals 96.2 mmol mof, with an average of 58.8 mmol
measurements mol™.
Besides the clay fraction content (Table 1) and\ high and significant correlation coefficient was
mineralogical composition (Table 3), the natureobserved between IS for Gt and Hm (r=0.95
and crystallographic characteristics of the mineraldemonstrating that the phenomena occured in
are also important to define the physical-chemicahssociative way for both Fe oxides (the same
characteristics of the soils. A high activity in thepedo-environmental conditions for the Gt and Hm
soil (higher adsorption, water retention, etc.) idormation), corroborating with results obtained by
related to minerals with higher specific surfaceSchwertmann and Kampf (1985). Due to the
(defined by size and form), superficial electriclowest Al ionic ray, the unit cell size, mainly in the

charges density and low crystallinity degree. Z axis (Schwertmann and Taylor, 1989), and the
mineral crystallinity degree were reduced with the
Hematite and Goethite IS.

The crystallographic characteristics of the Fe
oxides were studied by XRD in iron-concentrated
clay samples (residue from the Kt and Gb
extraction with 5 mol ! NaOH ). There was a

great difficulty to measure the exact position of the
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Kt H Horizon - Histosol

B Horizon - Oxisol

C Horizon - Inceptisol

Vm/Sm
Kt

Kt

4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64

°20

Figure 2 - X-rays difratograms of clay paralell-orientedngples of the Histosol, Oxisol and
Inceptisol: Qz - quartz, Kt - kaolinite, Mi - micadlV - hydroxy-interlayered
vermiculite, Vm - vermiculite, Sm - smectite, Gbgibbsite, Gt - goethite, Hm —
hematite.

Tale 3- Mineralogical composition of the clay fractioor fsoils from metropolitan region of Curitiba - Baa State
- Brazil*

Amorphous . Vermiculi
nample o K cb Gt Hm S eral To@l . Mica eSm:cbtlittee/
No. Taxonomy Tka
1 Histosol H 820.8 112.8 4.0 * 36.5 974.1 ng nqg *
2 Oxisol A 661.7 219.6 75.0 38.0 4.2 9985 ng nq
3 Oxisol Bw  671.3 2115 68.0 34.0 12.3 997.1 ng nq *

4 Inceptisol A 684.3 156.7 89.055.0 7.5 9925 ng * *
5 Inceptisol Bi 722.5 85.7 85.037.0 57.0 987.2 * nq ng
6 Inceptisol C 719.3 81.0 19.010.0 64.0 8933 * ng ng

Kt (kaolinite) and Gb (Gibbsite) estimated from TGA; heneatind goethite estimated from,8g¢-DCB and Gt(Gt+Hm) ratio (XRD); AO,
amorphous Al and Fe oxides estimeted by weight sample reductioraafteonium oxalate extraction [(initial weigth - final weighitial
weigth x 1000]; Total = sum of mineral contents (quantitativeyaigg! HIV, hydroxy-interlayered vermiculite; * - mineral rdgtected;. nq -
mineral only identified by XRD (qualitative analysis).
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To indicate the Gt crystallinity degree, the width ategion) presented low clay contents (Table 1), high
maximum half height (WHH) in the (111) domain amorphous Fe and Al oxides contents (extraction
was used. The lower WHH values demonstrated with AO — Table 2), and low crystalline Fe oxides

higher crystallinity degree, with less presence otontents (extraction with DCB — Table 2). Also,

Al in the structure (lower |S) (Fitzpatrick and the Gt particles had low IS and high crystallinity

Schwertmann, 1982). Following the IS values, thelegree (Table 5).

lowest WHH of the Gt (111) was observed for theAmong the well-drained soils, the highest Gb
Inceptisol B and C horizons (Table 5). This way,contents (Table 3) and IS values for Gt and Hm
young well-drained horizons developed fromwere detected in the A and B horizons

claystone of the Guabirotuba Formation (Curitiba

Table 4 - Interplanar distance (d) and mean crystal diam@iCD) of goethite (Gt) and hematite (Hm) for tiay
fraction for soils from metropolitan region of Qi - Parana State - Brazil

d-corrected MCD
Sample u.s. Gt Gt Gt Hm Hm Gt Gt Hm Hm  MCD Ratio?
N° Taxonomy (110) (111) (130) (104) (110)  (110) (111) (104) (110)
nm nm A B
Histosol H 0.413 0.245 * * * 17.4 238 * * 0.7 ¢n
Oxisol A 0.414 0.243 0.265 0.269 0.251 13.0 1618.1 20.7 0.8 0.9
Oxisol Bw 0.415 0.246 0.266 0.267 0.252 35.0 3616.2 244 1.0 1.9

Inceptisol A 0.419 0.246 0.266 0.269 0.252 10.6.2221.0 21.1 05 1.0
Inceptisol Bi  0.419 0.246 0.267 0.268 0.252 1621.2 126 21.0 0.8 0.8
Inceptisol  C 0.412 0.244 * 0.268 0.252 23.1 24236 205 10 1.1

** mineral not-detected; pnd, mineral present patameter not determined due to low intensityhsf teflection. @ Ratios of the
DMC values: A=MCD Gt(110)/MCD Gt(111) and B=MCD H&04)/MCD Hm(110).

O WNE

Table 5- Width at half maximum height (WHH), specific fare (SS) and isomorphic substitution of
Fe by Al (1S) in goethite (Gt) and hematite (HmmdaGt/(Gt + Hm) ratio for the clay fraction for ki
from metropolitan region of Curitiba - Parana StaBrazil"

Sample N’ u.S. Gt/(Gt+Hm) IS SS WHH
Taxonomy Gt Hm Gt Hm Gt (111)
mmol mol* Mgt ©20
1 Histosol H 1.0 141.9 pnd 78.9 pnd 0.35
2 Oxisol A 0.7 110.0 87.6 1055 63.6 0.51
3 Oxisol Bw 0.6 102.2 96.2 39.2 41.4 0.23
4 Inceptisol A 0.6 86.4 55.7 1295 59.2 0.34
5 Inceptisol Bi 0.7 82.0 48.3 85.3 74.7 0.17
6 Inceptisol C 0.7 70.5 6.3 59.4 57.6 0.17
1%

, mineral not-detected; pnd, mineral present patameter not determined due to low intensityhaf teflection.

of Oxisol (Table 5). Also, the Gb formation andKaolinite and gibbsite
the IS occurrence were favored by the weatheringhe d(001) values for Kt in the clay fraction varied
process since there was tight relation between Giboom 0.716 to 0.728 nm, where the lowest value
content and IS in the Gt and Hm, with correlatiorwas verified on the Oxisol A horizon and the
coefficient equal to 0.94 and 0.82, respectively. highest on the Inceptisol A horizon (Table 6). It
Schwertmann and Kampf (1985) and Melo etwas possible that the occurrence  of
al.(2001b) found also a close and positiveanterstratification with 2:1 clay minerals and
correlation between the same parameters. small crystal size influenced d (001) for
kaolinite (Singh and Gilkes, 1992).
The dehydroxylation temperature (DT) of the Kt,
determined by thermal analysis, varied from 493
to 504C, with an average of 497@® (Table 6).
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This value was approximately A superior to the correlation coefficient between CI and MCD for
one found by Singh and Gilkes (1992) for the soilshe Kt was equal to 0.81

developed under humid tropical conditions, but iffhe MCD (002) for the Gb varied from 9.5 to 55.7
was far below to 54 obtained for Kt from nm (Table 7). The lowest MCD (002) value was
Georgia kaolin mine. According to the samefound in the Inceptisol C horizon sample, where
authors, the variations in the DT values could b¢he Gb was in the initial formation stages (lowest
associated with the size and degree of structuratineral content - Table 3). Opposite behavior was
disorder of the Ct and experimental conditions.  verified for the Oxisol samples. Hence, the highest
The results for Cl showed on the Table @ntensity of the pedogenetic factors favored the
indicated thatHe lowest Cl was observed on theincreasing of content and particle size mineral (r
Inceptisol C horizon, contrasting with the Oxisolbetween content and MCD of the Gb = 0)8Zhe
sample from upper layer (Table @lthough the non-significant correlation between MCD and DT

Hughes and Brown Crystallinity IndeC{) is an for the Gb (r = -0.30) indicated that the

empirical index and provides no informationdehydroxylation of the mineral did not depend on

about the structural defects, it is useful inthe particles size, agreeing with the results

) : obtained by Melo et al. (2001b). Comparing with
ranking disordered Kt samplesdelo et al. 0 o oxides, the Gb presented, in general, a
(2001a) found p03|t|ye and significant corre_latlonhigher MCD (Tables 4 and 7), confirming results
among the weathering degree of the soil, Cliy ng by Melo et al. (2001b). This observation
particle size (MCD) and dehydroxylation yemonstrated that the Fe oxides had bigger
temperature for the Kt. In the present study, th%dsorption capacity than the Gb, since a lower

MCD implied into a higher SS

Table 6 - Crystallographic characteristics of the kao8riXRD analysis) and dehidroxilation temperaturé ) bf
the mineral of the soil clay fraction samples foit §om metropolitan region of Curitiba - Paranat® - Brazit

Sample u.s. d (001) WHH (001) MCD (001) DT ANL cl

N° Taxonomy nm °20 nm °C

1 Histosol H 0.719 0.56 141 496 194 8.1
2 Oxisol A 0.716 0.43 18.7 493 25.6 12.5
3 Oxisol Bw 0.723 0.49 16.0 497 22.1 9.2
4 Inceptisol A 0.728 0.97 8.2 499 11.3 7.2
5 Inceptisol Bi 0.719 1.08 7.3 504 10.0 7.9
6 Inceptisol C 0.717 0.77 10.3 498 14.3 6.1

Y WHH, width at half maximum height; MCD, mean crystal di¢en; ANL, average number of layers [MCD (001)/d(001)]; Cl, Hegired
Brown crystallinity index; DT, dehydroxylation temperature.

Table 7 - Crystallographic characteristics of the gibbgiékD analysis) and dehidroxilation temperature

(DT) of the mineral of the soil clay fraction samplfor soils from metropolitan region of Curitib&arana
State - Brazfl
Sample

WHH MCD

o u.s. d (002) DT
N Taxonomy e (8292) (?1(;12) oG
1 Histosol H 0.483 0.29 27.7 274
2 Oxisol A 0.481 0.22 36.8 283
3 Oxisol Bw 0.484 0.14 55.7 285
4 Inceptisol A 0.483 0.43 18.7 277
5 Inceptisol Bi 0.483 0.29 27.8 278
6 Inceptisol C 0.483 0.84 9.5 291

@ WHH, width at half maximum height; MCD, mean crystal diteneDT, dehydroxylation temperature.
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CONCLUSIONS fina foi submetida a andlise térmica e extracdes
guimicas com oxalato de amoénio (OA), ditionito-
1. The quartz was the only mineral identified incitrato-bicarbonato (DCB) e solucdo de NaOH 5
the sand and silt fractions. The kaolinite (Kt) wasmol L™ fervente. As caracteristicas cristalograficas
the dominant clay mineral, with contents rangingda hematita (Hm), goethita (Gt), gibbsita (Gb) e
from 661.7 and 820.8 g Kg The gibbisite (Gb) caulinita (Ct) foram determinadas por DRX. Os
was also an important constituent of the mostesultados permitiram concluir que: (a) o quartzo
weathered horizons. foi o Gnico mineral identificado nas fracdes areia e
2. The hematite (Hm) and goethite (Gt) contents dfilte. Na fracao argila, verificou-se o predominio
the clay fraction were low, mainly in the Histosol,de Ct, com teores variando de 661,7 a 820,8'g kg
due to the hidromorphic conditions. A higherA Gb também foi um importante constituinte dos
content of amorphous Fe and Al oxides (extractiolorizontes mais intemperizados.; (b) os teores de
with ammonium oxalate - AO) were obtained inHm e Gt da fracdo argila foram baixos,
the Inceptsol, favored by the lowest weatheringrincipalmente no Organossolo. Obteve-se maior
degree of the soil. guantidade de Oxidos de Fe e Al de baixa
3. There was hydroxy-interlayered vermiculite incristalinidade (extragdo com OA) no Cambissolo,
the highly weathered soil (Oxisol) and it wasfavorecidos pelo menor grau de intemperismo; (c)
probably important for the physical-chemicala ocorréncia de vermiculita com hidroxi entre
processes, since the mineral presented high CEEamadas no solo altamente intemperizado
and specific surface (SS). On the Incepitsol GLatossolo), torna-se importante para 0S processos
horizon, high intensity reflection of fisico-quimicos, pois o mineral apresenta alta CTC
vermiculite/smectite was observed, justifying thee superficie especifica (SE). No horizonte C do
high capacity of expansion and contractionCambissolo verificou-se reflexbes de alta
normally observed in this layer of the soil. intensidade de vermiculita/esmectita, justificando
4. The substitution of Fe by Al (IS) in the Gt was,a alta capacidade de expansdo e contracdo
on average, twice as high as the Hm one. As resutibservada nesta camada de solo; (d) a substituicdo
the Gt presented higher SS. On the other hand, tde Fe por Al na Gt foi, em média, duas vezes
Gb presented a bigger size in relation to the Fsuperior a da Hm. Como resultado, a Gt

oxides. apresentou maior SE. J4 a Gb apresentou maior
5. A good relation between pedogenetic degremmanho em relacdo aos Oxidos de Fe,
and crystallographic mineral characteristics wagrincipalmente, nos horizontes mais

observed: the younger well-drained horizonsntemperizados (alta correlacdo entre teor e
presented Gt with the lowest IS and the highedamanho do mineral). Verificou-se também relacéo
cristallinity degree; lowest Gb particle size anddireta entre intemperismo e tamanho e
lowest Kt cristallinity index. cristalinidade da Ct.
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