
AQINCY FOR INTIgRNATIONAL 09V9LOPMKNT FOR AID USE ONLY 
WASHINGTON. 0. C. 20523 

BIBLIOGRAPHIC INPUT SHEET 
A. PRIMARY 

I. SUBJECT Agricuiture
 
CLASSIo
 
FICATION 0. SECONDARY
 

2. TITLE AND SUBTITLE 

Investigations in an oxisol-ultisol toposequence in S. Paulo State, Brazil 
3. AUTHOR(S) 

Lepsch, I.F.; Buol, S.W. 
4. DOCUMENT DATE 5a. NUMBER OF PAGES 6. ARC NUMBER 

1971I A7pRC 
7. REFERENCE ORGANIZATION NAME AND ADDRESS 

Soil Science Department, North Carolina State University,

Box 59071,.Raleigh, North Carolina 27607
 

8.SUPPLEMENTARY NOTES (Sponsorin4 Organizations Publishers$Availability) 

Published In Soil Science Soc. of Am. proc., v. 38, no. 3, p. 491-496 

9. ABSTRACT 

For this study, four soil profiles in Sao Paulo State, Brazil were sampled andanalyzed physically, chemically, numeralogically, and micromorphologically.
They were classified and, based on soil differences, hypotheses on the
profiles' origin were developed. It was conciuded form this study that

the origins of these soils appear 
to be controlled mostly by the age of

the geomorphic surfaces and by the 
nature of tha parent material. 

10. CONTROL NUMBER 
11. PRICE OF DOCUMENT 

PN-AAB-479 
12. DESCRIPTORS 

13. PROJECT NUMBER 

Brazil 
Sao Paulo 

14. CONTRACT NUMBER 
Tropics CSD-2835 211 () 

15. TYPE OF DOCUMENT 

AID 590.1 (4"74P 



Reprinted from the Soil Science Societyl of America Proceedings

Volume 38, no. 3, May-June 1974
 

677 South Scgo- lid., Madison, \Vis. 53711 USA
 

Investigations in an Oxisol-Ultisol Toposequence in S.Paulo State, Brazil 

1. F. LEPSCH AND S. W. BUOL 



Investigations in an Oxisol-Ultisol Toposequence in S.Paulo State, Brazil' 

I. F. LEPSCH AND S. W. BUOL-' 

ABSTRACT observations the soil on the upper end of the transect was 
Four soil profiles were sampled along a 550.m toposequence 

traverse in Sio Paulo State, Brazil and were characterized with 
physical, chemical, mineralogical, and micromorphological 
analyses. The soils were classified and hypotheses were de. 
veloped concerning their genesis based on soil differences 
observed. 


The soil on the upper part of the traverse has an ochric epi-
pedon over an oxic horizon and is classified as clayey, oxidic, 
isothermic Typic Haplorthox. Slightly downslope organic mat. 
ter content increases to form a Typic Umbriorthox of the same 
family. The soil below these two has an argillic horizon over an 
oxic horizon and is classified as clayey, oxidic, isothermic Or
thoxic Palehumult. The soil in the lowest part has an argillic 
horizon over decomposed shale and is classifiedliniicisoheric ain is-
ypicPaludut. he harcteistcsas clayey, Kao. 
linitic, isothermic Typic Paludult. Tile main characteristics di~ 
tinguishing the soils it the lower part of the toposequence from 
those in tie upper part were the increase in depth and eventual 
loss of the oxic horiz3n, decrease in gibbsite content, decrease in 
chlorite/vermiculite intergradient clay minerals, increase in2:1 
clay minerals, decrease infine clay to coarse clay ratio, increase 
in fine silt to clay ratios, increase in illuviated clay, and increase 
in bulk density. 

The genesis of these soils appears to be controlled mostly by 
the age of the geomorphie surfaces and by the nature of the 
parent material. 

Additional Index Words: tropical soils, pedogenesis, weather 

ing, oxic horizon, argillic horizon, Latosol, Red Yellow Podzolic 

soils. 


XISOLs and Ultisols are often fond inclose association 
in the well drained uplands of the humid tropics. Char-

acteristics of both oxic and argillic horizons frequently 
occur in the same profile. Four soil profiles representing 
a 550-m toposequence from Oxisols to Ultisols in Sio 
Paulo State, Brazil were sampled for this study. From field 

Published with the approval of the Director of the North 
Carolina Agr. Fxp. Sta., Raleigh, N.C. as Paper no. 4188 of the 
Journal Series. This work supported in part by Fundaqiio de
Amparo a Pesquisa do Estado de Silo Paulo. Received 4 Oct. 
1973. Approved 22 Feb. 1974. 

:Soil scientist with Instituto Agron6mico, Campinas, Brazil. 
and F.A.P.E.S.P. Scholar at N.C. State University, and Profes-
sor of Soil Science, respectively.

I Brazilian taxonomic name (Comissio de Solos do S.N.P.A.. 
1960). 

identified by the Brazilian taxonomic name as a modal 
Oxisol (Ortho Dark Red Latosol)3 and the soil on the 
lower end appeared as a modal Ultisol (Red-Yellow Pod
zolic Piracicaba Variation)'. The intervening two profiles 
were noted to have characteristics intermediate of hoth 
soil orders. Ciemical, physical, mineralogical, and micro
morphological analyses were carried out in order to de
scribe, compare, and develop hypotheses about the genetic 
relationship of oxic and argillic horizon formation and to 
evaluate taxonomic criteria in an Oxisol-Ultisol transition. 

DESCRIPTION OF STUDY AREA AND SOILS 
The study area is located in the southern part of Rio Claro 

County, So Paulo State, Brazil. The approximate geographic 
coordinates are 1732' longitude Greenwich and 22*32' lati
tude south. The area has an elevation of 615-645 m above sea 
level and slopes vary from 2% to 8% (Fig. I). Climate is char
acterized as "subtropical of altitude" (Cwa) according to K6p
pen (Critchfield. 1960). The average annual temperature is 
20.1C and annual rainfall is 1,375 mil. 

Three geomorphic surfaces were identified in the sampling 
site (surfaces A, B, and C on Fig. I). The geomorphic surface 
A where profile number I is located, corresponds to the Rio 
Claro surface of Middle Pleistocene age (Penteado. 1969). Profiles number 2 and 3 are located on a younger geomorphic sur
face (surface B. Fig. I) being cut on the Rio Claro surface. Profile number 4 apparently is located on a tr:nsitional zone be
tween surfaces B and C and is expected to be the youngest point 
on the landscape. 

According to field obNervations and previous work done in 
the area (Penteado, 1969), the parent malerial is mainly surfi
cial deposits originating from nearby sedimentary and basic cx
trusive rocks. Shale was found at different depths in sites 2, 3, 
and 4 (Fig. I). A sharp conlacl between the red soil and the 
shale, some iron concrelions, and quartz pebbles suggest a litho
logical discontinuity. 

Native vegetation on the area seems to have been the tropical 
broadleaf semideciduous forest, as indicated by some small remnant areas such as the one in which profile number I was sam
pled. Sites number 2, 3, and 4 were cleared of primitive forest 
about 1900 AlD., according to farmers in the area. After clear
ing, coffee (Colfa sp.) was cultivated and in 1921 the area was 
Iransformed it)pastures. It remained inpasture until around
1960) when sugarcane (Saccharuim olfitinarum I..) was intro
dated. Ant and termite activity isprevalent inthe entire area.
 
d oidAt andeermite ti i eale in the en ae 

Soil pits. 2 m deep, were dug in each site and the pedons da
scribed according to the Soil Survey Manual (Soil Survey Staff. 
195 1).lhe soils were sampled by horizons in the pits and auger
samples were taken each 50 cm below the pit. 
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Fig. I-SchesatAc cross-section diagram showing the positionof the soil profiles in relation to the landscape, slope and
substrata. 

and processed to pass through aSoil samples were air-dried 
2mm sieve. Particle size distribution was determined by the 
Calgon-pipette method (Kilmer and Alexander, 1949) and by
the centrifugation method, with iron removal (Kittrick and 
Pope. 1963). Water dispersible clay was measured according 
to Veltori (1969). Soil water retention was measured on dis-
tnrbcd samples at a matric tension of 15 arm using a pressure
plate apparatus as outlined by Richards (1951) and water con-
tent at I atm and 1/i atm by centrifu-ation Paiva Neto et al.(1961). Bulk density was determined by the core method. 

Soil pH was determined poteritiomctrically in water and N 
KCI in I:bi soil/liquid ratios. Total organic carbon was deter-k
mined by oxidation with acid dichromate using external heat
(Allison, 1965). Cation exchange capacity (CEC) deter-was 
mined by the neutral NH 4OAc procedure (Chapman, 1965),
exchangeable K and Na contents determined by flame photoni-
etry and Ca and Mg contents detelmined by atomic absorption.
Exchangeable acidity was determined by extraction with N KCI,
and NaOH titration with bromothymol. Extractable hydrogen 
was determined by leaching the soil with IN sodium acetate 
buffered at pH 7. titrating to phenolphthalein end point with 
OIN NaOH (Paiva Neto et at.. 1961) and subtracting the ex
changeable acidity. 

Base saturation percentage was calculated based on CEC de
termined by sum of exchangeable bases plus exchangeable acid-
ity and extractable hydrogen. Oliveira found that percent base 
saturation by this method (Y) is related to percent base satura-
tion determined by sum of cations and BaCl,, TEA pH 8.2 (X)
by the equation: Y = 1.382X + 0.54 (r : .996***) (Oi-
veira, 1. B. de. 1972. Variaqao dis caracteristicas morfol6gicas,
fisicas quimicas e mineral6gicas em duas areas de Oxissolo. 
Unpublished Thesis. Escola Superior de Agricultura Luiz de 
Queiroz. Piracicaba, S. Paulo, Brazil).

Free iron was extracted by the ci'rate-dithionite method as 
described by Kittrick and Ilope (1963). 

Mineralogical determinations were conducted on selected
samples. The fine clay (< .21mi) and fine sand (100-250 pm) 
fractions were separated following the procedure of Kittrick and
Hope (1963). Oriented clay specimens were prepared on glass
slides for the following treatments: Mg-saturated, Mg-saturated
and glycol-solvated, K-saturated, and K-saturated and heated to 
350C and 500C following the procedure outlined by Jackson 
(1956). Identification of clay minerals in the coarse and fine 
clay fractions was made by means of an X-ray diffractomcter. 
Clay mineral contents were estimated from characteristic basalplane peak intensities and DTA. Differential thermal character-
isltics of fine and coarse clays were determined in a DuPont 900 
differential thermal analyser in a flowing N., atmosphere with 
a temperature range from 25C to 650('. The amorphous mate. 
rial was determined according to ashimoto and Jackson 
(1960). Sample% of coarse silt, very fine and fine sand were 

PROC., VOL. 38, 1974 

Table 1-Field morphological descriptions 

color Consistence Structurel 
Iiro. Depth Boundary* (moist)tHorlon 	 (moist) 

•..Profile I 
Al 0-15 CS 5Ya3/3 P air, med& co gr
A3 15-36 CW 3, 5YR3/4 F w, med, sbk
111 36-65 as 2.5YR3. 5/6 VF vw, med, bk 
B21 65-140 DS 2.5YR4/6 VF vw,@bktoatr, vt, gr
1--B22 140-180 2.SYR4/6 VF air, vi, gr

(auger samples) 180-450 	 red
 
Profile 2
 

Apl 0-12 AW 3.5YR3/4 F mod, med, f& co, gr
Ap2 12-33 CW 2. 5YR3/6 Fir massive 
BIt 33-64 OW 2. 5YR3/6 F mod, f & med. ebk 
B12 64-90 GW 2. 5'R3. 5/6 F vw, med, ebk 

& B22 90-200 DS 2. 5Y53. 5/6 VF sir, v., gr
(auger samples) 200-500 2. 5YR4/6
 

(shale) 520-550 gray violet
 

Profile 3 
ApI 0-10 AW 5YR13.5/4 Fir mod, co & v co. gr
^p2 10-25 CW 5Y3/4 Fir massive
11t 25-40 cs 4Yn3/4 F med,med, ebk 
B21 40-57 CS 2.5YR4/4 F mod, med,sbkB22 57-82 CS 2.5Y113.5/6 F w to mod, I & mod. ebkB23 82-100 DS 2.5YR4/6 VF w. med. abk100-200 DS 2. 5Y14/6 VF air, v. gr
(auger samples) 200-400 2.5YR4/6
 

(shale) 400-450 gray violet
 
Profile 4
 

ApI 10-190-10 5YR4/55YR3/3 Fir & , gr
Ap2 AWCW F mod, maedmassive 
AS 19-17 CW 5YH3/4 Fir mad,eed, obk 
B21nB22t 27-64 Gs 3.514/6 Fir sir, I&mad, ebl64-95 0S . 5YR4/6 Fir air. med, sbk1 95-150 G8 5YR5/6 Fir mod,mad, abk 
ci 150-190 C Red& 

yellowish red Fir mod. mad, abk
tlC2(saale) 190-260 gray violet 

•C - clear; 8 - smooth; W =wavy; *gradual;- D dlffuse; A - abrupt. 
t F - friable; VF- very friable; Fir = firm.
 
S itr - strong mod- moderate; med= medium; co = coarse; gr - granular;
 

* eubangular blocky; v = very; £ * fine; w - weak. 

mounted on a glass slide under a coverslip with 1.54 index of 
refraction oil for petrographic examination. 

Small undisturbed soil blocks, 2-3 cm in diameter, were im
pregnated with polyethylene glycol (Carbowax 6000) for thin 
section preparation (Mitchell, 1956). The thin sections were 
examined and described according to terminology developed
by Brewer (1964). 

RESULTS AND DISCUSSION 

Morphological Properties
Important morphological features are summarized in 

Table 1 Solum thickness decreased downslope, Profile I 

has weak, medium, and subangular blocky structure break
ing to very fine granular structure in the upper B horizon,
the granules making a very friabl2 and porous soil mass,
without any discernible ped surface coatings and with 

gradual and diffuse horizon boundaries. Downslope from 
profile I the upper part of the B horizon becomes progres
sively more subangular blocky in structure and some clay
skins were observed. The horizon with subangular blocky 

structure increases in thickness from profile 2 to profile
4 whereas the underlying horizon with very fine granular 
structure eventually disappears some place between pro
files 3 and 4. 

Physical Properties 

The particle size distribution (Table 2) showed clay
 
content values over 50% throughout all profiles. Most of
 

l
 
e clay, except for the decomposed shale layer, was found 

to be fine clay (< 0.21im). Silt contents were generally low,
specially for profiles I, 2, and 3. The fine silt/clay ratio 
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Table 2-Selected physical properties 

Cettrllugaton Fine/ 11, u Water retention 15 atmCalgotClgnpipette Fine Fine Total coarse diapers, Bulk I/3 atmiete Coarse 

Ilorion Depth Sand Silt Clay silt/olay clay 

cm - ratio -

Al 0-15 20 10 70 01 0 7 
A3 15-36 16 7 77 0.05 
I1 36-65 14 7 79 0.05 8 

B21 65-140 15 8 77 0.06 II 
B22 140-180 14 10 7t 0.08 .. 
-- 400-450 16 19 65 0.20 12 

ApI 0-12 17 9 74 0.06 15 
Ap2 12-33 16 9 75 0.05 -
Ill 33-64 14 7 77 0.04 10 

B12 64-90 14 7 79 0.05 13 
B21 90-140 13 8 79 0.06 
- 450-500 13 24 3 0.27 17 
- 520-550 8 25 67 0.28 28 

ApI 0-10 18 14 68 0.10 12 
Ap2 10-25 18 14 68 0.10 -
I1 25-40 19 15 67 0.11 

B21 40-57 14 12 75 0.09 
B22 57-82 13 11 76 0.09 16 
B23 82-100 12 11 77 0.09 19 
1132 130-165 13 12 75 0.08 23 

350-400 12 21 67 0.20 
400-450 11 28 62 0.32 -

ApI 0-10 20 21 59 0.24 16 
Ap2 10-19 19 20 61 0.22 -
A3 19-27 18 21 60 0.21 14 
B211 27-64 9 13 78 0. 12 19 
B22l 64-95 8 12 81 0.0 
113 95-150 8 9 82 0.09 19 
Cl 150-190 8 14 79 0.13 
11C2 190-260 2 27 71 1.32 30 

increased and fine/coarse clay ratio decreased downslope. 
Distribution of clay indicates greater clay illuviation at sites 
3 and 4. On sites I and 2, clay content increase is not suf-
ficient to meet the argillic horizon criteria (Soil Survey 
Staff, 1974). Content of water dispersible clay was always 
found to decrease from the surface to the deepest layers. 

Profile I has bulk density lower than 1.2 g/cc through-
out the profile (Table 2). The other profiles have higher 
bulk densities in the tipper part of the 13horizon with pro-
file 4 being the most dense. Bulk densities above 1.00 
g/c. coincide in most cases with the angular blocky struc-
lure as described in field soil descriptions (Table 1), 
whereas bulk densities below 1.0 g/cc coincide with the 
horizons with friable, strong, very fine, and granular struc-
ture, characteristic of most oxic horizons (Soil Survey Staff, 
1974). 

Water retention values for i atim and 15 atm are given 
in Table 2. Only slight differences are observed when the 
moisture is presented on a weight basis. However, calculation of the amount of water contained between these tw 

tensions, on a volume basis, reveals appreciably higher 
values in the angular blocky, higher bulk density horizons, 

Chemical Prop~erties 

Results of pH determinations (Table 3) show no appar-
ent significant diffeconces in the pH values measured in 
water in sites I. 2, and 3. Site 4 has slightly higher pH 
values. The pH values determined in K('I were always 
lower than those determined in water. Some differences 
anong profiles are apparent when A pH vlt..,s are con-
pared JApH = (pH in IN KCI)-pH in H.O)I. Accorlinuv 

clay clay clay ratio clay density 1/3 ait 15atm II1 

'X gicc wt wt 't vol 

Profile I 

53 60 7 6 II 0 90 29 5 26 4 28 
- -25 1.01 29.5 25. 1 4.4 
61 69 7.6 3 0.90 31.8 25.3 5.9 
59 70 5.3 2 0.98 32.8 25.7 7.0 
.. 2 0.89 12.5 26.2 5.6 
60 72 5. 1 3 ... ... ... ... 

Profile 2 

51 66 3.4 30 1.22 28.9 23.3 6.8 
- - 20 0.48 29.7 24.3 8.0 

63 
58 

73 
71 

6.3 
4.5 

13 
1 

1.30 
1.03 

30.8 
32.0 

26.4 
27.7 

5.7 
4.9 

-
56 

-
73 

-
3.3 

2 
2 

0.90 
-

34.6 26.8 
-

7.0 

43 71 1.5 2 - -

Profile 3 
50 62 4.2 20 1.32 27.8 19.7 10.7 

17 1.42 29. 2 20.5 12.4 
25 1.34 28. 1 20.5 10.2 

- - 31 1.19 29.1 22.6 7.7 
53 69 3.3 18 1.07 30.8 24.3 7.0 
45 69 2.4 2 0.89 33.4 25.4 7. 1 
39 62 0.7 tr 0. 88 - -

- - - 2 
- - - 2 

Profile 4 

38 54 2.4 31 1.23 26.5 18.1 10.3 
- - - 32 1.41 26.8 18.9 ll.I 

40 
51 

54 
70 

2.9 
2.7 

31 
6 

1.34 
1.31 

26.8 
34.8 

19.0 
26.5 

10.5 
10.9 

- - - 5 1.32 35. 1 27.7 9.8 
54 73 2.8 2 1.25 35.6 28.4 9.0 

- - 2 1.24 -
38 68 1.3 2 -

to Mckaru and Uehara (1972), when the A pH value is 
negative the soil has a net negative charge. By this calcula
tion the net negative charge seems to increase from profile 
I to profile 4. 

Contents of more than I% organic carbon were deter
mined to depths of 65. 90, and 82 cm respectively for 
profiles I, 2. and 3. In profile number 4 organic carbon 
decreases to values of less than I% at a depth of 27 cm. 
The relative high organic matter content at depths of I m 
in profiles numbers I, 2, and 3 suggest that faunal and 
floral pedoturbation (Hole, 1961) either is greater on these 
sites - that they have been exposed longer at these pro
pedoisotropic processes. 

Cation exchange capacity (Table 3) normally decreases 
with depth and this seems to he correlated with a decrease 
in organic matter content. 

Mineralogy 

lPetrographic identification of silt and sand fractions 
showed that quartz was the dominant mineral in all sam
pies, varying from 62 to 97%. Grains identified as "heavy 
and opaque" were the second most common and they were 

observed most frequently in the 20 to 50 lim fractions. It 
was noticed that the content of these minerals decreases 

from site I to site 4. Some elongated angular rock frag
ments were found in sites 2. 3, and 4. The relative amount 
of these rock fragments increased from profile 2 to profile 
4 ind the decompowd shale rock (450-550 cm depth in 
profile 2) contained greater anounts of these grains than 
the overlking soil. I he decrease in content of "heavy plus 
opaques" tl,,hislope ant the increase in rock fragment con
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Table 3-Selected chemical properties 

pll Urpnic CEC ExchanveableIons Exch. Ext. ase Free 

lorizon Depth 112O Kci Apll carbon (Nil,OAc) Ca hig K Na acidity it sat. Fe,O, 

cm % meo/1t0 g oll - % 

Profile I 

Al -15 5.0 4.2 -0.8 3.0 11.4 3.1 0.7 0.4 0.2 1.5 11.4 26 9.3 
A3 15-3t 4.8 4.0 -0.8 1.7 8.7 0.2 0.2 0.2 0.2 3.0 8.6 6 
I 

1121 
822 

36-65 
65-140 

140-180 

.. 0 
5.0 
5.2 

4.2 
4.4 
4.4 

-0.8 
-0.6 
-0.8 

1.0 
0.7 
0.7 

8.6 
7.5 
9.4 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.2 

4.5 
1.2 
0.9 

2.5 
5.9 
5.7 

7 
6 
7 

9.5 
9.5 

400-450 5.6 5.0 -0.4 - 5.5 0.1 tr tr 0.1 tr 4.2 6 9.7 

Profile 2 

ApI 
Ap2 
oil 

0-12 
12-33 
33-64 

5.3 
5.3 
4.9 

4.4 
4.4 
4.1 

-0.9 
-0.9 
-0.8 

1.5 
1.6 
1.4 

8.6 
9.0 
8.6 

3.6 
9.2 
2.1 

0.4 
0.5 
0.1 

V.2 
0.1 
0.1 

0.1 
0.1 
0.1 

0.7 
0.8 
2.1 

7.3 
7.0 
5.8 

35 
56 
24 

10.0 
-

9.3 
B12 
B21 

64-90 
90-140 

5.0 
5.2 

4.3 
4.6 

-0.7 
-0.6 

1.4 
0.8 

7.8 
7.6 

2.2 
0.6 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

1.6 
0.7 

5.9 
5.2 

25 
13 

10.6 

450-500 5.3 4.3 -1.0 3.4 0.1 Ir 0.1 0.2 1.1 3.6 9 10.9 
520-550 5.7 3.9 -1.8 - 6.4 0.1 0.1 0.1 - 3.4 2.6 4 10.5 

Profile 3 

ApI
Ap2 
02 

0-10 
10-25 
25-40 

5.0 
4.9 
5.0 

4.2 
4.2 
4.2 

-0.8 
-0.7 
-0.8 

1.5 
1.6 
1.7 

8.6 
9.5 
9.8 

3.8 
3.9 
4.8 

0.5 
0.5 
0.6 

0.4 
0.2 
0.2 

0.2 
0.2 
0.2 

0.8 
1.0 
0.5 

7.6 
8.0 
7.4 

36 
35 
42 

9.2 

B)21 
B22 

40-57 
57-82 

5.3 
5.1 

4.4 
4.2 

-0.9 
-0.9 

1.2 
1.0 

7.5 
7.0 

2.8 
1.5 

0.6 
0.5 

0.1 
0.1 

0.2 
0.2 

tr 
0.9 

6.5 
6.2 

36 
25 

-
9.6 

1123 82-100 5.0 4.1 -0.9 0.8 5.9 0.7 0.2 0.1 0.2 1.5 5.9 15 -
1132 130-165 

350-400 
400-450 

5.5 
5.5 
5.6 

4.3 
4.2 
3.8 

-1.2 
-1.3 
-1.8 

- 5.3 
-
8.4 

0.2 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
-

0.1 

0.2 
-

0.1 

0.8 
1.3 
4.0 

5.8 
4.3 
3.5 

8 
-
5 

10.0 
-
-

Profile 4 

ApI
Ap2 
A3 

0-10 
i0-19 
19-27 

6.0 
5.7 
5.7 

5.1 
4.6 
4.6 

-0.9 
-1.1 
-1. 1 

1.3 
1.3 
1.3 

IG.6 
9.2 
9.3 

8.5 
7.8 
6.6 

I.I 
0.6 
0.6 

0.6 
0.3 
0.2 

0.1 
0.1 
0.1 

tr 
tr 
tr 

4.7 
3.1 
5.7 

68 
73 
57 

8.0 

-
1121t 27-64 5.8 4.8 -1.0 0.8 9.7 5.3 0.8 0.1 0.1 tr 4.8 57 8.9 
0221 64-95 5.8 4.9 -0.9 0.6 8.6 4.5 0.8 0.2 0.1 tr 4.6 55 : 
13 95-150 5.5 4.6 -0.9 0.4 8.6 2.4 0.7 0.3 0.1 tr S.7 39 9.0 
Ci 150-190 5.3 3.9 -1.4 - 8.3 1.1 0.4 0.3 0.2 2.5 5.0 21 
IiC2 190-260 5.2 3.6 -1.6 - 11.7 0.6 0.3 0.3 0.2 6.5 4.2 II 8.3 

tent, both downslope and in the shale, suggests that parent between 10 and 50% were the chlorite/vermiculite inter
material of profiles 2, 3, and 4 received contributions of dif- gradient, gibbsite, vermiculite, and mica. Quartz was 
ferent amounts of the underlying shale and that these con- detected to be present only as traces in the coarse clay 
tributions increased downslope. fraction. 

The results of X-ray diffraction analyses and DTA Mica was not detected in profile I. It was detected in 
(Table 4) indicate that kaolinite is the dominant mineral amounts less than 10% in the fine clay of profile 2, in the 
in all clay fractions. Other clay minerals present in amounts fine and coarse clay of profile 3, and in the fine clay of pro

file 4. The coarse clay in profile 4 presented mica in 
amounts varying from 10 to 25%. The shale samples pre-

Table 4-Quantitative estimations of clay mineralogy by differ- sented considerable amounts of mica, estimated to vary
from 20 to 50%. Chlorite/vermiculite intergrade minerals 

Fine clay (,. Zni) Coarse clay (2-. 2 m) were found mainly in the coarse clay fractions of profile I 
Hortan Depth ib- Kant' Am Otherst t3tb" gaol" Am" Otlerat (Fig. 2) and 2 where they are estimated to be in amounts 

c,-ofile I varying from 25 to 50%. The content of vermiculite/chlor-

At 0-15 7 86 14 iI 20 5o s i'Q t ite minerals decreases from profile I to profile 4: whereas 
In 36-6s 7 76 14 "1 .. .. .. qQI mica and vermiculite increase in the same direction. 

402 7 76 i9 20 6 s Quantitative of shows6-140 It ltQ 	 determination gibbsite (Table 4)t 
- 400-450 8 86 IS I 28 50 -- i1Qt 

a greater content in the coarse clay fractions than in the
Profile 2 

ApI 0-12 10 83 9 	 IV' 12 51 8 13I61ti fine clay fractions. A comparison of the gibbsite content 
M tbit 	 33-64 9 86 to It is 53 4 13 as calculated for the total clay shows no apparent difference 

502-50 8 76 8 I' -4 8 I47ItMtQW between profiles I and 2, but profile 3 shows a relative 
- 4S0-S00 7 88 9 11t1----------------I 

t
MtytQ

I 


t t 
7 1V

1 
3 74 5 Wv decrease of 30% and profile 4 contains only traces of 

(shale) 520-550 3 86 

Profilea 
t 

gibbsite. The trend in gibbsite content suggests a decrease in 
ApI 0-10 5 86 04- 1 V 14 61 4 I'MVtQt the weathering of the clay minerals from the tipper member 
022 57-82 5 85 10 I I 14 63 4 I'MtvtQ

t to the lower member of the toposequence. 
1132 130-165 5 77 11 I M 10 64 7 12MVtQ

t The clay mineralogy data suggest that profiles I and 2 
Profile 4 

t 
ApI 0-10 Ir 73 10 	 V'M 4 46 V'M' are in the same weathering stage since they show similar 

1t t
1211 	 21-64 I 76 12 tV 3 40 -. V'M' amounts of clay minerals. Profile 4 is considerably less 

t tr  
13 95-150 Ir 64 11 tlI v 76 II V'M' weathered, containing very small amounts of gibbsite and 
I1C2 190-260 0 60 7 M2Vt tr 49 4 612 V

t considerable amounts of vermiculite and mica. Profile 3 
(shale) 

aib - tibe)il., KanI ksolinil Am- amorphous malartall Ir 'trace ... #,, i%), seems to be in an intermediate stage of weathering, as 
- not determined, 	 evidenced by smaller amounts of gibbsite than profile I 

I1 	 M - mica1 Q. quartz; V - vermicute, ande2cad by thepres nce ofome mic an vrclite.Interlfradlent chloritle/vermiculite; 

2 - medium (25-5OX), I - maIl (10-2S%), 1 -trace (10). and 2 and by the presence of some mica and vermiculite.
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Profile I- B21 (65-140cm) 

Fine Clay 	 Coarse Clay 

25 CM 

MgMg . 225%5 C 

K 25CC 

K 35oc K 356oC
 

K 550C K 550C
 

A 1	 A 
3.6 43 4.8 7.2 9.814.1 3.6 44 4.8 7.2 0.114.8
 

Profile 4- B21t (27-64cm) 

Mg 2ec 	 25c 

Mg2e 	 :; 2"cj A 
EG 	 Mg e
 

K 2e

K 350"C 

K 350c
 

K550C 	 K 550C 

3.6 7.2 1014,5 3.33.6 5 7.2 10 14.5 

Fig. 2-X.ray diffractograms of the coarse clay (2-.2pm) and
 
fine clay ( < 2m) in the B horizons of profiles 1 and 4.
 

The data also point to a high degree of weathering to con-

siderable depths in the upper members of the toposequence
 
since samples from 400-450 cm, profile I and 450-500 

cm, profile 2 presented no apparent difference in clay min-
eralogy when compared to the overlying soil. 

Micromorphology 
PROFILE 1-Differences among horizons were due to ped 

size and void morphology. No plasmic concentrations were 
noticed. The plasma occurs essentially as a continuous 
groundmass in which the skeleton grains are set. The pri-
mary peds varied in size and shape from 4 to 6 mm, sub-
rounded blocky in the superficial horizon, to 0.4 to 0.6 
mm, subrounded and mammilated blocks in the B2 hori-
zon. In the B2 horizon small peds have a very compact 
plasma in which no voids could he distinguished with the 
available petrographic microscopic magnifications. It was 
noticed that plasmic structure was almost completely iso-
tropic without any recognizable anisotropic domain. The 
bulk of the B horizon appears like a very porous material 
in which the subrounded and mamnillated peds are par-
tially accommodated leaving large pore areas which are 
interpreted as interpedal voids (Fig. 3A). This structure 
seems to he very much like the one described for a Eutrus-
tox by Moura Filho and 13tlol (1972) and explains the 
high porosity of these soils, 

lino i.: 2 -This profile appears to he identical to pr, file 

u
 

I
 

Fig. 3-Photonikrographs in plain light of thin sections ron: 
(A) Oxic horizon,(magnified 6l0X). profile 

1: (iB) ArgillicI with two exceptions. Sonic plasma concentrations reprehorizon, 
prolilesented by i few void argillans and papules were observed 

in the BI horizon and the depth where the subangtlar 
peds seemed to dominate over the very small granular and 
manimillated ones is deeper. The argillans and papules were 
estimated to be less than I % and thus not sotflicicni to 
qualify the 1lthorizon as argillic (Soil Survey Staff, 1974). 

PROFILE 3-The 132 horizon in this profile is composed 
of predominantly suhrounded blocky structlle with few 
illuvial void argillans and other plasma concentration fea
tures such as papules and quasictitans. No critans were 
found in the interpedal packing voids. No plasna concen
trations were noticed in the 113 horizon,. this horizon pre
sented very small stihrotlnded and manmnilated ,tructure, 
very similar to the B2 horizon of profiles I and 2. 

PitoFi.r 4--4lie 112 horizon presented slbroUnl.ed blocky 
structure, partially accommodated, spar e illtiviation ar
gitlans, as well as ,coargillans and qriasicttans (Figure 311). 
The ('I horizon presented coninion illtviation argilalns. 
neoargillans, quasiciains, and atfcspapides, lIesce features 
are very much in keeping %ith the other observed features 
of argillic horizon,,. Soie anisotropic domains with weak 
striated orientation %%eerplesent in the 112 and ('1horizons. 
contrasting sonieitm ,.ilh tie olier profiles %ltich showed 
doninant\ Isoit ropic plamii. 

http:slbroUnl.ed
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Soil Classification 

Diagnostic horizon and classification at the family level
(Soil Survey Staff, 1974) are as follows: Profile I has an(ohi Srey Staf, 197o4 areptfollo mofilpr-as Pr hhumult 
Ochric epipedon, chroma 4 except in the top 15 cm of pro-

file 1, over an oxic horizon; it is classified as clayey, oxidic, 

isothermic Typic Haplorthox. Profile 2 is similar to ntrofil, 

I but contains slightly more organic carbon thus it is clas-sIfbt coans smbithoroferga can thuriteisdclas 
sified as an Umbriorthox. Profile 3 has an aebric epidedon 
over an argillic horizon and is classified as clayey, oxidic, 
isothermic Orthoxic Palehumult; below the argillic horizon, 
there is an oxic horizon with composition and morphology 
very similar to the oxic horizon of profiles I and 2. Profile 
4 has an ochric epipedon over an argidlic horizon and it is 
classified as clayey, kaolinitic, isothermic Typic Paleudult. 

Considerations of Pedogenesis and Taxonomy 

There is a toposequence gradation from Oxisols (pro-
files I and 2) to the Ultisols (profiles 3 and 4) with an 
increase in depth and eventual loss of the oxic horizon and 
an increase in the degree of expression of the argillic hori-
zon lower in the toposequence. The oxic horizon has its 
greatest degree of expression where the surface is geomor-
phically older, and where there is a thicker and more 
weathered soil mantle. The argillic horizon is more ex-
pressed where the surface is geomorphically younger and 
the soil mantle is shallower and less weathered. 

Micromorphological data illustrate the absence or small 
degree of clay illuviation in the more weathered soils. The 
occurrence of an almost isotropic plasma'in the primary 
peds of the oxic horizons suggests that the main plasma 
components are highly flocculated and compacted. Based 
on that, it is hypothesizcd that with increase of soil age 
and stage of weathering, the oxic horizon soil plasma is 
flocculated and organized into a compacted granular struc-
ture. Increased fine/coarse clay ratios seem to be integral 
to this process. This structure reduced clay illuviation and 
allows pedotujbation processes to homogenize the profiles. 

The maximum expression of these processes is found in 
profile 1. Profiles 2 and 3 are on yotinger geomorphic str-
faces and were formed from parent material that received 
contribution both from material identical to profile I and, 
in lesser degree, from the shale layer. The less weathered 
shale provides clay material susceptible to be illuviated and 
probably the compact granular structure is not as well devel-
oped as in profile I. Profile 4, on the youngest part of the 
landscape, presents the best developed argillic horizon due 
to the fact that it developed from less weathered parent ma-
terial and time was not sufficient to organize the plasma into 
a compact granular stucture. Thus, lessivage is at present 
the dominant process retaining an argillic horizon in the

sites while pedoturbation exerts dominance in the younger s wsoil 
older Oxisols. 

As the oxic and argillic horizons merge, both being iden-
tified in profile 3, the identification of the argillic horizon 
by increase of clay content with depth appears to coincide 
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well with accessory features. Water dispersible clay does 

not appear useful. The slightly greater organic carbon con
tent 	rendering profiles 2 and 3 as Umbriorthox and Pale

respectively, appears of no significance to local 
agiltrlpctcsTh veyimarndow(bu 

agricultural practices. The very similar and low (about 
10 meq/ 100 gm clay) clay activities in the argillic horizons 
of 	profiles 3 and 4 would seem to dictate a similar inter
gradation to the Orthox suborder. However, the Orthoxic 
subgroup, defined as having a CEC of less than 24 meq/
su0g clyine aehuminga gou s t presently 

established in the Paleudult great group. 
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