Origin of Native Potassium in Alonso Soil

Héctor M. Lugo, Juan Colom, and Rafael Pietrit

INTRODUCTION

Using the X-ray spectroscopic method, Jeffries et al. (7,8)? did not detect
potassium-bearing minerals in either coarse or clay fraction of Alonso soil.
Although they did not identify potassium feldspars in Alonso, they sug-
gested the available potassium may originate from these minerals. They
also found kaolin to be the only clay mineral of Alonso, notwithstanding
their reported high exchange capacity for this soil.

More recent work (10) concerning the mineral composition of the coarse
fraction of Alonso confirmed the findings of Jeffries ef al. (7,8) that potas-
sium-bearing minerals were not found in Alonso in the sand or silt fraction;
also, that a high cation exchange capacity was detected. This suggested
the possibility that native potassium in Alonso could originate from a clay
mineral which escaped detection by techniques employed in previous in-
vestigations.

This paper reports the identification of the minerals present in the clay
fraction of Alonso with special emphasis on the mica species.

MATERIALS AND METHODS

The methods of handling soil samples and the fractionation techniques
used are deseribed elsewhere (6,6,10). The clay was divided by centrifuga-
tion in two fractions corresponding to 2-0.2 u and less than 0.2 x. Both
fractions were washed until free from sodium carbonate and were kept sus-
pended as sodium saturated in distilled water.

About 50 mg. of suspended clay samples were oriented in ceramic (9,11)
plates and held in an aluminum-well-holder when subjected to a sequential
treatment consisting of glycerol solvation and calcium saturation, potas-
sium saturation and heat. Clay samples which were not subjected to the
sequential treatment were mounted on glass slides for X-ray characteriza-
tion. A Norelco unit equipped with Co K« radiation, 14° — 0.003 inch —
14° slits arrangement, scanning at 2°, 26 per minute, was used.

Potassium was determined by flame photometry from sodium carbonate
fusion (3) of clay samples.

The cation exchange capacity of the soil was determined by the am-
monium acetate procedure recommended by Hanna, (3).
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2 Ttalic numbers in parentheses refer to Literature Cited, p. 74-5.
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RESULTS AND DISCUSSION

The results obtained during the identification of the clay fraction less
than 0.2 g in size of Alonso soil, are presented in figure 1. Samples were
examined initially for X-ray diffraction as Ca-saturated and glycerol
solvated. These demonstrated two distinet basal reflections, one at about
7 &3 and the other at about 10 A regardless of sampling depth. A heat
treatment sequence was then employed to help identify the clay minerals
after replacing calcium with potassium by washing the oriented clay
samples several times with a few milliliters of 0.1 N KCIl and then with
distilled water. The 10 & peak basal reflection persisted up to 700° C. With
increasing temperature, the 10 A peak became better defined in terms of
intensity and sharpness. It thus is clear that we are dealing here with a
micaceous specie and not an expansive clay mineral. As demonstrated later,
illite* adequately fits the clay mineral corresponding to the 10 A basal re-
flection observed.

The 7 A basal reflection clearly corresponds with the clay mineral kaolin.
The fact that the initial 7 A peak did not shift either with glycerol solva-
tion or heat, and that it disappeared at 550° C., supports its definite identi-
fication as kaolin.

The X-ray patterns of the 2-0.2 u clay fractions were identical qualita-
tively to those of the fraction less than 0.2 u. As shown in table 1, however,
the intensity (counts per second) of the kaolin peak was more than double
the intensity of the illite peak in the same pattern for all the depths. This
indicates a corresponding kaolin to illite concentration in the coarse clay
fraction of Alonso of not less than 2:1. On the other hand, the concentration
of kaolin is about the same as illite in the fine clay fraction (<0.2 p) for
profile depths down to about 3 feet, while illite appears to predominate at
lower profile depths. No reasonable interpretation can be offered that may
explain the variation in the relative concentration of kaolin and illite with-
out speculation. The differential movement of clay in the profile by virtue
of the leaching processes, the nature and origin of the pedogenic formation,
the active weathering factors and processes, and other conditions could
contribute toward the observed behavior.

A noticeable feature about the total potassium composition of the fine
clay fraction (<0.2 g) is shown in table 2. The trend in total potassium of
the clay fraction closely corresponds to the trend in illite variation indicated
above for the same fraction at different depths. Illite and total potassium
(1.7 percent K) are rather uniform down to about 3 feet, then both increase

3 One Angstrom (A) equals 1072 em.

4 The term illite has been applied loosely to a group of clay minerals with a higher
water and lower potassium content than true micas. The term hydrous mica also has
been used to refer to illite and other K bearing mixed-layer minerals (2,4).
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Fia. 1.—Typical X-ray diffraction patterns of the clay fraction less than 0.2 ‘mi-

crons of an Alonso Soil.
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to a depth of 5 feet (2.2 percent K), and finally both decrease (1.7 per-
cent K).

The cation exchange capacity of Alonso soil, free of organic matter, was
found to be 35 me. per 100 gm. of soil. This is lower than reported by
Jeffries, Bonnet, and Abruiia (7,8).

TasLe 1.—Clay minerals distribulion in the clay fraction of a typical Alonso profile

Profile depth (inches)

Clay Particle
size

mineral 0-4 | 6-10 [10-14| 17-21 | 21-25 | 30-34 | 34-38 | 4347 |54-58| S8-62 | 70-73 | 73-76

Counts per second of the most intensive peak

Microns | 1 1 1 1 1 1 1 1 2 3 2 2

Kaolin 2-0.2 |47 | 41 |[55| 30 | 67 | 59 | 43 | 63 | —
<0.2 {45 26 |30 46 [ 30 | 31 | 32 | 28 | 24| 33

& |
¥

Tllite 20.2 17|15 20| 14|16 | —|—|25|—|—|—|—

<0.2|38| 20 |30 30| 15|30 |36 |56 46|52 55]25
Ratio of | 2-0.2 [0.36] 0.3710.37] 0.47{ 0.24] — | — |oaol —=| — | = | —
illite/ | <0.2 |0.84] 0.77[1.0 | 0.65| 0.5 | 1.0 | 1.13] 2.0 |1.92| 1.57| 1.45]1.14
kaolin

1 Samples irradiated as Na saturated.
2 Observations taken from 0.2 u samples that were irradiated after saturation with
K and heated at 110° C for 2 hours.

TasLe 2.—Total polassium content in the clay fraction less than 0.8 microns of an

Alonso profile
Sampling depth X content Sampling depth K content
In. Percent Inches Percent
04 1.6 : 34-38 1.6
6-10 1. 43-47 2.
10-14 1.7 54-58 2.2
17-21 1% 58-62 2.7
21-35 1.6 70-73 1.9
30-34 1.8 73-76 1.7

The total potassium content of the fine clay fraction is considered too
low for muscovite, the only mica specie with an X-ray diffraction pattern
closely resembling illite.* Furthermore, the high cation exchange capacity
observed for the soil mineral fraction could not be reasonably explained if
muscovite was the other clay mineral besides kaolin. On the other hand,
illite is known to have fairly high cation exchange capacity and relatively
low potassium content.



74 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO

Previous investigations (10) did not identify the mineral source of native
potassium in Alonso. However, Jefiries, Bonnet, and Abruifia (7,8) did not
report the presence of illite in Alonso. The present investigation indicates
illite to be an important clay mineral constituent and apparently the main
source of native potassium in Alonso soil.

SUMMARY

Kaolin and illite were identified in the clay fraction of Alonso soil. The
relative concentration of kaolin to illite in the 2.0-0.2 u fraction was greater
than double throughout the profile, while in the less than 0.2 y fraction, it
was about the same for profile depths down to 3 feet. Illite seems to pre-
dominate over kaolin at lower profile depths.

The total potassium content of the clay fraction less than 0.2 x corre-
sponded with the observed trend in illite variation.

Illite was found to be the only soil mineral source of native potassium
in Alonso soil.

RESUMEN

Se identificaron los minerales caolin e ilita en la fraceién arcilla del suelo
Alonso. La concentracién relativa del caolin sobre la ilita, en la fraccién de
2 1, 0.2 1 fue siempre mayor de 2:1 a través de todo el perfil. En la fracecién
fina (< 0.2 ), la razén de caolin a ilita fue alrededor de 1:1 para los primeros
3 pies de profundidad, predominando la ilita en las profundidades més
bajas.

El contenido total de potasio en la fraccién menor de 0.2 i correspondié
bien con el patrén de variacién en el contenido de ilita.

Se identificé la ilita como la tnica fuente mineral del potasio nativo en
el suelo Alonso.
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