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QUARTZ PRESENCE IN RELATIONSHIP TO
 

GIBBSITE STABILITY IN SOME HIGHLY
 
WEATHERED SOILS OF BRAZIL*
 

R. M. WEAVE'R 

Department of Agronomy. Cornell University. Ithaca, NY 14853. U.S.A. 

(R'ceired I May 1975, and in final form 16 September 1975) 

Abstract-Determination of the mineralogical composition of six highly weathered soils of the Central 

Plateau of Brazil showed that the sand content (predominantly quartz) was not related to the relative 

amounts of gibbsite and kaolinite in the clay (<2 im)fractions. The latter is in agreement with kinetic 

considerations of the involved mineral species. but indisagreement with thermodynamic considerations. 
operative in these soils is indicated by an excellentHowever, that dissolution of quartz has been 

relationship (t-2 = 0.96) between the amount of sand-size quartz and the reactive SiO, content of the 

clay fractions. 

INTRODt:crION 

Quartz is commonly the predominant primary 

mineral occurring in the sand size fraction of highly 

weathered soils of humid tropical regions. Its persist-

ence in these soils isattributed to its extreme chemical 
is generallyvinertness. Accordingly. quartz presence 

little influence on. or relationshipthought to have be expected fronm ther­in 	equilibrium than what might
nature of the secondar\ minerals presentto, the 

soils which are usually oxiics ofhighly weathered 
iron and aluminum, and kaolinite. Nevertheless, it has 

197(1: Curtis. 19701 thatbeen suggested 	 (Gardner. 
in soils may prevent the formationquartz presence 

and/or stability of gibbsite. The latter conclusion was 

based on considerations of the solute activities of H % 

Al 3 and Si(OH)4 corresponding to the thermodyna­

mic stability of kaolinite. gibbsite and quartz as given 

in Fig. I. (The thertnodyiamic values used in the con­

are those given by Kittrickstruction of this diagram 
(1969) for well crystallized gibbsite and kaolinite.) 

Essentially, the diagram shows that under weathering 
conditions of acid pH and where Al is not limiting. 
as is usually the case in environments and landscapes 

conducive to the formation of highly weathered soils. 

gibbsite will be stable relative to kaolinite only when 

the activity of Si(Ol-)4 is extremely low (less than 
pSi(OH)4 = 4.8). The diagram also shows that soils, 

in which gibbsite and kaolinite thermodynamically 
solute activities correspondingco-exist, should have 

to the intersection of the gibbsite and kaolinite stabi­

lity lines at pSi(OH)4 = 4.8 and pH-I/31'AI = 2.7. The 

position of the stability line for quartz (pSi(OH)4 = 

3.74; Siever, 1962) indicates that quartz presence 
should cause Si(OH) 4 activities greater than that asso-

ciated with gibbsite-kaolinite equilibrium. Hence. in 

*Agronomy Paper No. 1130. 	Contribution from the 
York State College ofDepartment of Agronomy. New 


Agriculture and Life Sciences. Cornell University. 


the presence of quartz. gibbsite would be unstable 

relative to kaolinite. However, kinetic considerations 

may assume the significant role in this situation. As 
the 	 kinetics of quartzdiscussed by Kittrick (1969). 

atdissolution and precipitation are extremely slow 
and pressures and thusearth-surface temperatures 

quartz may have less influence on gibbsite kaolinite 

modynatmic consideration. 
Indeed. it is the extremely slow kinetics of quartz 

un­dissolution that causes laboratory studies to be 

suitable for investigation of this problem. Examin­

ation of actual occurrences of the involved mineral 

species in appropriate soil environments may prove 

AI2.O3 SiO 2 -H20 25%,1 Aim 

3.0 
Gibbilte ". 

pH 	 1 pA..
 
3
 

2.0 

IQl
 

iOsioI 
1.0 

I I
 
6 5 4 3 2 

psi(OH)4 

Fig. I. Mineral stability diagram for gibbsite, kaolinite. 
and quartz in aqueous system of 250C and one atmosphere 

as functions of pSi(OH)4 and pH-I/3pAl. 

431 



432 R. M. WIAVI R 

to be more advantageous. It was the purpose of this 

research to examine the mineralogical composition of 

some highly weathered soils from the Central Plateau 

of Brazil to determine whether or not the sand con-
tent (predominantly quartz) had any relationship to 

the nature of the clay mineral composition of the 
soils. 

MATERIALS AND MIIOl)S 

The six soils Tileexaminedix insofthis study were taken 

from an area Brazliathat is withinCetra(Fi.the2.mid-portion'ilepreentdayof thePltea 
Brazilian Central Plateau (Fig. 2). The present day 
climate of the area is characterized by a tropical sea-
sonal regime of rainy summers and dry winters with 

a1gicalan'ere 
1971). The country rocks underlying the soils in the 

area are Devonian sandstones and Precambrian 
ph11\ites andnietaniorphic rocks. including schists. 

vig into sand. silt. and claN fractions Jc sntlurtzitTmlhicrolct, d ssepreentath.ite oftle separated e ti ain n ea tto by wetquartzite.Thccol lcted sanplesarereprsntative ofthI sie 

first and second erosional sur- sieving. centrifugation. and decantation (Jackson. 
soils that are found on 1 s ­

in which the land forms are classic o y t 
faces in this area For X-ray diff'raction (XRI)} analyses, K- and Mg­

examples of the result of multiple gcomorphic cycles rcin weprle­saturated samples of the clay fraction, were parallel-
Oin these stir-Sautesmpsoftec'ISdiscussed by ('line and Buol (1973). 

Brazilian soil classification system. the soils would be 

classified as Dark Red and Red Yellow Latosols. In 

the U.S. Soil Taxonomy. the soils would be loamy 
textural varieties of Ustox (order-Oxisol;or clayey 

suborder- -Ustic). 
For purposes of characterizaition of the soils, the 

exchangeable cations Na. K. Ca and Mg were dis­
placed by N NI-.OAc extraction and determined 
with an atomic absorption spectrophotometer: ex­

changeable aluminum was extracted by N KCI and 
measured colorimetrically by the aluminon procedurei~a 95:piwsdtnie nH~ no McLean (1965); pli was determined in H,O and 

car-N KCI at ,1 1:2 soil:sohtltionl ratio: and organic 

bon by the Modified Walklev-Bllack method (Grewel­
ing aand Poech. 1965). For textural anlyses. as well 

as for isolation of particle size fractions for mineralo­
anlyses. samples of the soils treated with 

i um ys s sh l es of pH son. 
(Anderson.sodium hypochorite (NaOCII of pl-l 9.5 

19631 for the destruction of organic matter and then 

faces there are four general groups of soils that can 
be distinguished on the basis of color (Dark Red vs 
Red Yellow) and texture (loamy vs clayey). In the 

Brasilia 

orientated onto glass slides and X-rayed with CuKa 
radiation (35 kV, I5 mA) on a Norelco diffractometer 
filed with a focusing monovsromator and scintilla­
tion detector. Additional XR1) patterns were obtained 

on the Mg-saturated samples following solvation with 
ethylene glycol and on the K-saturated samples after 
heating at 350 and 551) C.Random powder XRD pat­
terns were determined on Mg-saturated samples of 
the sand and silt fractions. 

Differential thermal analysis (DTA) was carried out 
on Ca-saturated clay samples diluted with ignited 
AI,O 3. The analyses were obtained with an R. L. 
Stone DTA apparatus at Ihealing rate of 10-C/min 
with ignited A12 0 3 as the thermally inert reference 
material. 

The free iron and aluminum oxide content of the 

soil clay fractions was determined by citrate-bicar­
bonate dithionite (CBDI extraction (Jackson. 1969). 
Gibbsite and kaolinite contents were estimated by 
comparison of the DTA endothermic peak areas with 
those of reference gibbsite and kaolinite specimens. 
Mica was estimated from the K,O content as given 
by HF-H_,S0 4 digestion I1",, KO = I0",, mica). The 

TiO, content was determined on the same digest by 
the colorimetric Tiron procedurc as described by Dol­
cater etal. (1970). Amorphous or non-crystalline alu­
minosilicates were measured by the boiling 0.5N 
NaOH procedure of Hashimoto and Jackson (1960). 
The latter was carried out on CBD-treated samples 
as preliminary studies indicated that prior removal 
of free iron increased up to 2,,,,,oxides by the 
amount of extractable non-crystalline SiO, and 
AIO.j. The more reactive or accessible non-crystal­
line aluminosilicates were extracted from the clay frac­
tions by the dilute acid procedure (0.5 M CaCi,, 

Fig. 2. Location of sampling area. pH 1.5) of Tweneboah et al. (1967). 
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Table 1. Chemical and physical properties of soils 

Depth pH Carbon 
Profile and Sample No. (cm.)I (4) 

Oar.. Red Latosol 
I 2 0-20 5.2 4.3 2.19 

3 40-60 5.4 4.5 1.47 
4 100-120 6.0 4.9 0.83 

Dark Red Latosol 
1, 5 0-20 4.9 4.2 0.60 

6 40-60 5.0 4.3 0.43 
7 100-120 5.4 4.6 0.29 

Dark Red Latosol 
III 8 0-20 5.4 4.6 1.50 

9 40-60 5.3 4.9 0.92 
10 100-120 6.1 5.6 0.63 

Red Yellow Latosol
 
IV 	II 0-20 4.9 4.3 1.94 

12 40-60 5.1 4.4 1.15 

13 100-120 5.3 4.7 0.87 

Red Yellow Latosol
 

V 14 0-20 4.9 4.4 3.35 
15 40-60 5.6 4.7 1.89 
16 100-120 6.3 5.5 1.18 

Red Yellow Latosl
 

VI 17 0-20 5.0 4.2 1.24 
18 40-6o 4.9 4.3 0.74 
19 100-120 5.6 5.0 0.37 

RESL'ITS AND DISCUSSION 
Soil Chemical and hysical Propertie~s

Soi lw amounts olfI exangeable bases and re 

The low amounts of exchangeable bases and rela-
tively large amounts of exchangeable aluminum un-
derscore the highly weathered nature of these soils 
(Table I). A large proportion of the exchange capacity 

of these soils probably is associated with the organic 
matter as the exchangeable bases and exchangeable 
Al decreased markedly with depth as did the organicthetextural variation among
carbon content. The 

a 	 relec­
soils was considerable and this is probabl) 

tion of the relative amount of quartz present in the 
parent materials rather than difTerences in duration 
or intensity of weathering processes. Random powder 
XRD results confirmed that the sand and the silt frac-
tions consisted predominantly of quartz with smaller 
amounts of TiO, minerals ":I(rutile and anatae). In 
some of the silt fractions. small almounts of gibbsite 

and kaolinite were detected which were probably clay 
sized materials aggregated into silt size particles.Vi 

e,
lileraloicala~ialst's 

XRD results (Fig. 3) showed that kaolinite (7.2. 
3.57A) and gibbsite (4.85. 4.37A) are predominant 
constituents of the soil clay fractions along with the 
iron oxides goethite (4.18. 2.69 A) and hematite (2.69. 
2.51A). Small reflections at 14 and I)A were 
observed for some of the clay fractions and probably 

correspond to an intergradient chlorite-like clay 
mineral and mica. respectively. The presence of these 
clay minerals became more definite (Fig. 4) when" 
XRD analyses were repeated on the clay fractions fol­
lowing the removal of iron oxides by CBD treatment 
and of amorphous materials and gibbsite by the boil-
ing 0.5 N NaOH treatment of Hashimoto and Jack-
son (1960). For the particular soil clay shown in Fig. 

Exchangeable Particle size distribution (1) 

Bases A! Sand S'l Clay" 1 
(m-equiv. l00g ) (2-0.05Sm) (2-50tn) (124.,) 

0.26 0.59 21 10 69
 

0.09 0.3L 20 15 65 
0.06 0.06 26 17 57
 

0.14 0.44 81 3 16 
0.11 0.34 78 3 19 
0.08 0.17 76 3 21 

0.55 0.17 65 6 29 

0.15 0.04 63 14 23 
0.11 - 63 16 21 

0.14 0.55 12 20 68 
0.09 0.10 18 22 60
 

0.06 - 17 15 68 

0.26 0.23 12 32 56 
23 46
0.10 0.04 31 


0.08 - 31 21 48 

0.12 0.41 60 9 31
 
0.07 0.07 54 12 34
 
0.05 - 55 16 29 

4. tile 14A reflection of the treated sample collapsed 
partiall. to ItA upon K-saturation and heating
550 C. which would impl. the presence of vermiculite 

with some Al hydrox. interlayers. However. the 
apparent vrermiculite content naN be a treatment arti­
fact as it has been shown (Dudas and Harward. 1970) 
that Al hydroxy interlaycrs can be pariallv mobilized 

by a boiling 0.5 N NaOH treatment. XRD reflections 
for TiO, minerals rutile (3.51 A) and anatase (3.26 A) 
also became more apparent after the dissolution treat­ments. 

0-20c 

I 2lmLG.. 3.57 7.2 

E f 
4.85 141 

V RedYallow, 33Loamy '1 ­ 4.37'4.18!,1 

1 o 4.18 ,, 

Jk u [ 
; aV Red Yellow, r i . / 

Cl&a t y ,. , 

., . 'w. 

Loead, 
Z 

2.692.69 

i 
I Dork Red, 

i iey 

40 30 20 10 

DIGRIES 20 

Fig. 3. X-ray diffraction patterns of the clay fractions of 
surface horizons t0-20 cm). 
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I ARXRED, materials of soils V and VI had an higher initial con­
1 CLAYITY tent of dioctahedral mica of which at least a portion 

has persisted during soil development. Significant 
3.33 quantities of clay mica have also been reported in 

10 some Oxisols of South Africa (LeRoux, 1973). Its per-
CED.sistenceD * was attributcd to a peripheral chloritization 

5D (replacement of interlayer potassium by AI-hydroxy 
°
I;7 i polymers) with a restltant stabilization of the residual 

K-550 [ 7.2 mica cores. Presumably the same process has been 
i operative in these Brazilian soils. 

As has been noted in previous studies on highly 
II weathered soils (LeRoux. 1973: Weaver. 1973) amor­

3.261 phousiaterials extracted b boiling 0.5 N NaOH 
4.85 constitttcd an appreciable portion of the cla frac-

Mg, E.G hous iratrios etacedbbboeiMg, E.G. I"tions. The calculated SiO, AIO.mla3r ratios ITable
3),after allocation of gibbsite AI,O.. ranged 

widely 0t.X0 to 6.0. hUt were genera lfN w'ithlin the 
range of 1.5 to 2.3 given bN Jackson (1969) for sili-

Untrouled t 4.37:i ceoes amorphous materials characteristicali found in 
4.18 I highly weathered soils. The ratios, much in excess of 

M,.E.. dij /', .the latter range, are most likely a consequence of the 

increased proability of cxfperimental error when, this 
I procedure is applied to soil clay fractions containing 

30 20 to large amnounts of gibbsite. 
DEGREES 20 Tile anounts of Si. Al. :ind Fc (Table 31 removed 

Fig. 4. X-ray diffraction patterns of Dark Red Latosol by the dilute acid extraction of Tweneboah ct al. 
1111, 0 20 cr) clay fraction before and after CBD and (1967) were extremely low and overall constituted not 

0.5N NaOH treatment. more than one per cent of the clay fractions. A com­

parison of the SiO 2 A1,O 3 ratios of the reactive com-
The quantitative estimates of the mineralogical ponents with those of the alkali-extractable amor­

composition of the clay fractions (Table 2)confirmed phous materials (Table 3) shows that the reactive 
the XRD results. Appreciable quantities of mica components differ from the latter by being relatively 
were present in the clay fractions of soils V and VI. enriched in Al,O. The complicated nature of non­
especiall) when it is considered that these highly crystalline materials that can be present in soils pre­
weathered soils usually\ contain only traces of 2:1 eludes precise analytical distinction. but these reactive 
layer silicates. The greater amounts of micaceous components (Table 3) probably represent some frac­
materials in soils V and VI are hardly attributable tion of the more accessible non-crystalline materials. 
to a lesser degree of weathering as profile V which It is possible that these reactive components are aia­
had the highest mica content also had the highest logous to the permutite-likc materials described by 
gibbsite content. Thus it seems likely that the parent Jackson (p. 525. 1969). 

Table 2. Mineralogical composition (",) of clay size fractions 1< 2 jm) 

Proflle.and Depth CBD 
Sample No. (cW) Fe2O3 A1203 Glbb Kaol Ilca Amorp TIO Total2 


Dark Red Latosol
 
I 2 0-20 8.0 2.3 27 36 1.6 20 2.1 97 

3 40-60 8.6 1.8 26 44 nd nd nd 
4 100-120 8.1 2.1 27 44 0.2 22 2.1 106 

II 5 0-20 17.9 2.2 9 40 0.8 23 5.7 99 
6 '0-60 16.8 2.4 9 34 nd nd nd 
7 100-120 16.9 2.4 10 40 1.0 24 5.0 99 

III 8 0-20 10.0 4.I 58 5 3.2 13 1.7 95 
9 40-60 11.3 4.5 60 5 nd nd n 
10 100120 11.2 4.3 60 5 1.9 9 1 6 93 

Red Yellow Latosol 
I II 0-20 5.6 2.9 24 39 1.2 29 1.9 104 

12 4-60 5.9 2.7 27 40 nd nd nd 
13 100-120 5.3 1.9 25 41 1.4 25 2.1 102 

V 14 0-20 9.8 4.5 50 5 9.7 13 1.3 93 
15 40-60 10.2 5.2 50 5 nd nd nd 
16 100-120 10.5 3.6 SI 5 7.9 10 1.5 89 

VI 17 0-20 8.9 3.4 27 34 4.8 16 1.5 96 
18 40-60 8.6 3.3 33 41 nd nd nd 
19 100-120 9.4 3.7 33 30 4.2 1i 1.6 94 
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Table 3. Composition of amorphous materials extracted by boiling 0.5 N NaOH and reac­
tive amorphous materials extracted by 0.5 M CaCI 2. pH 1.5 

0.5 N Na01l 

Profile and Depth S1 A1 03' Fe 03 


'ample no. (cm) () 

2 2 2


Dark Red Latosol
 
I 	 2 0-20 8.1 8.6 1.6 

3 40-60 nd nd nd 
4 100-120 11.8 6.0 2.0 

11 	 5 0-20 11.9 8.7 0.8 
6 40-60 nd nd nd 

7 100-120 11.6 8.8 0.9 

III 	8 0-20 3.5 5.4 2.9 


9 40-60 nd nd nd 


30 100-120 4.0 1.2 2.6 

Red Yellow Latoaol
 
IV 	11 0-20 12.9 9.4 3.5 

12 40-60 nd nd rd 
13 100-120 11.3 8.8 2.2 

V 14 0-20 2.1 4.5 5.1 
15 40-60 nd nd nd 


16 100-120 2.4 2.8 4.0 

VI 17 0-20 7.3 5.1 1.8 
18 40-60 nd nd nd 
19 100-120 7.0 2.0 2.Z 

Corrected for dissolutLon of 81bbuite.
 

Reation.'ship of i art.: colh't to c'larlnlera.ot" 

The quart/ content of the soils was found to hav 

,n interesting relationship to the nature of the cla,
frctionsTiswas not :mmediatel iiObiots itfractions. This wais not mndaevo iusndt 
was not necessarily the rclationship initiall\ expected.eopectedreatonhi 

Regression anal.sis showed that there was little if on'. 
the sid Contelntrelationship (1*= 0.02) between 

(predominailtly qtiart/1 and the gibbsite- gibbsite 

+ kaolinite ratios of the cla. fractions. Oh'.ousl'. 
tIllirlz preenc rgbspeeelitbstesa-in ohs little inflhuenceoi stbi-

lit) in these soils. However. a high egree of correla-

tion (r1-= 0.96) was onind to exist between the Sand 

content and the amount of reactive SiO, present 

the clay' fractions (Fig. 5). This relation is probibl-
at consequence of an extrely'v slow. dissoltution of 

a small amount of quirtz over long periods of time. 
At least a portion of the Si(UllI so produced could 

lime been adstorbed by tile ahllinous sirfaces p resent 

80-

60-

Sand 
(2- 0.05mm)

40 _ 

rsO.98 

20 ­

* 

0.4 0.8 1.2 1.6 

Reactive S102 (mg/g) -Clay 

Fig. 5. Relationship of sand (2 0.05 mm) content to reac-
tive SiO., content of the clay fractions. 

- 0.5 M Cact . Pii 1.5
 

i 102 A1 0 re 0) Sio,

2 2


A103 --------- (&/g)---- A1
2
0 3
 

1.6 0.42 2.88 0.88 0.25
 
nd 0.38 3.02 0.48 0.21
 
3.3 0.51 3.02 0.37 0.28
 

2.3 1.51 3.40 1.54 0.76
 
nd 1.42 3.32 1.26 0.73
 

2.2 1.33 3.18 0.92 0.71
 

1.1 	 0.90 4.76 1.31 0.32
 
nd 0.96 4.46 0.97 0.37
 

5.7 1.11 4.70 0.75 0.40
 

2.3 	 0.30 3.33 0.80 0.15
 

nd 0.34 3.33 0.46 0.17
 
2.2 0.39 3.56 0.34 0.18
 

0.8 	 0.30 5.15 1.26 0.10
 
rid 0.34 4.60 0.92 0.12
 

1.5 0.49 4.60 0.75 0.18 

2.5 0.95 4.45 1.20 0.36 
nd 0.95 4.24 0.80 0.38
 

5.9 1.05 4.45 0.57 0.40
 

in the clay fractions. It may be more than just coinci­

dence that the reactive SiO, content of the clay frac­

tions. 0.31) to 1.51 mg SiO_, g (Table 3). is very close 
to the value of 0.2 to 1.2 tIg SiO, g found bN H ing­
ston and Raupach (1967) for the adsorption oftniihl 

1I(4 by gihbsite in the pH range of 4.6 to 6.0. 

Because quart also occurred in tile silt fractions 

and the gencrallN accepted idea of increased solubilit' 

with decreasing particle si/e. it was thought that the 
silt content might also be related to the reactive SiO. 

Colltelt of the clay fraction. The silt fraction. how'er. 

seemed to be less related 2.='- 0.59) ..\pparentl,. in 

the present seitation. the generall\ greater mass of 

quart/ in the satnd fraction is the determining factor. 
Overall. the results tend to confirm the previous 

suggestions by Kittrick II969) Brydon and McKca­
gue (11971) and Lodding (197"! that the slo\\ kinetics 
of dissolution precipitation prevent qtiirt/ from 
assuning a dominant role in mineral eq toilibria it 
soils. On the other hand. the results show\ that quart/ 
dissolution has been operative in these soils. Even 

"thoughtile dissolution has apparently been of insulli­
cient magnitude to maintain acivities of Si(OUlOl in 

the soil solution over Iny' extended period of time 
other than to influcnce the composition of the reac­
tiv.e surfaoces of the clay fractions. thie fact that it s 

occurred, would indicate that quirt/ is not entirely 

an inert component in these soils. 
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