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HUMID TROPIC SOIL MINERALOGY percentage of the clay 
Fig. 1. Mineral composition, exclusive of sesquioxides,by Dr. Robert M. Weaver of the clay.sized (<0.002 mm) fractions of a clayey Oxi­

sol soil (Catalina tropeptic haplorthox) profile from Puer­
to Rico. 

minerals-kaolinite and halloysite, quartz, and 
other primary minerels highly resistant to weather­
ing. Primary silicate minerals less resistant to 
weathering. such as olivine. feldspars. pyroxenes. 
and amphiboles, are absent or present in only 
small amounts, as are the 2:1 layer silicate clay 
minerals - mica. vermiculite, and mont morillonite. 
Also absent or pIresent in small amounts are those 
allophanes (noncrystalline or short-range-order 
hydrous alutinosilicates) of high ion-exchange 
capacity. 

Recently reported results on the mineralogical 
c'oempohsition of Utiosls and Oxisols from Africa. 
Latin America, and Puerto Rico have shown the

Recent studies have been fruitful in elucidating presence ' appreciablI' quantities of amorphous 
the mineralogy of highly weath'rt-d and eac ht'ed noin'rystalline or short-range-order) aluminosili­
soils of the humid tropics. improving tOil- niaiage- cates assoiated with their clay'size (<0.002 mm) 
rtenlt of trli cal soils. and caIculating thie anliilnt fraction. Ali example of the relative a mount of this 
of water nit-idd foir scheduling irrigation. matrial encountered intlie profile of a clayey Oxi-

Humid tropic soil mineralogy. Knowledge, has sol from lPuerto Ri-o is give'n in Fig. 1. which 
'oitinuedi to expand on the naturte of tit ni:neral- shows thetproportion ot the mineral optonents of 
ogial( niiipiil on f highly weallired and i ti(-'lay size fratlion as a function of depth. For 
leat'hed soil, f tii iriiid tropics. Th- o'i-urrentie example. the comp)osition of' the clay fraction at a 
f inii-rals niot previiisly assotiatid these amorphous,.itlh depth of8 ci was 44% kaolinite. 22% 

soils has t-'in ioi-led. and thieintluence- of thie min- 20% Al-c'hhorite. 8% gibbsite. 4% vermiculite. and 
erhigi-al m'ipsiii has lbt-.n ri-tignized inthe 2% mica. TI( mineral content is plotted oinaii 
appti'arin ot inw theirii-s ii expaii thitir ii- accumulative basis: that is. for the 8-cma depth. 
exlange properties. T''hsi soils. n,,w called (xi- kaolinite plus amorphous is 66% (44 + 22): kaolin­
sots and I hisiits ill Uliited Stlatis soil taxoinoilIy. iteilus amorphtus ilus Al-tlorite is 86% (44 + 
'onstitutt atiroxiraly o'ne-tiird oft the wrlds 22 +201: and soion until 100% is reathed. 'The 
piotentially arab' land. Aci idingly. they repre- Ircenlage ofiica would be given by the distance 
s'nlt a vast resource for expansionli ot"foiod priidiuc- bttween the fifth lin and the 100% line. 
tion in develtoping 'ounliries.and studies oil their The amorphots material is not easily destcribed 
mineralogical natr' will In. of aid indevelopiniti beause of its lack of w 11 defined structure or 
if agrooii , ti, ihnitues siiitable to tieir eflicient conposition. It is less ative inregard to iou-ex­
utilizatioi. clhange properlies and is also hrss hydrois thaniihe 
Nturi'and compoisition. A fundamental harat-- amirphus aluinsiliates c-ailed althlanes. 

teristic t' thest- s i!.; is the nature aint ciomploisition The differences bi't wti-n tie two tvypes iit anor­
it I in'ieral iirtion. This icilpusilion is a rvithi-- pous aluminosili-aes ar'e mire understandable 
lion of Ie extr-nie wvathering 'indiitios that when it is nt'd that allophanes art- coinmonly 
ithes txpsed ti over long periods found inrelatively Nyoung soils derived frimn volan­soils have lei 

(if' ihni-. A g'iniralizi-d itsicriptiu it' ii ash deposits uindr weatliring conditions thatll the sit iimin-
i-ral mass Iv, that is diminatieid art- i lder tihattiiise associated with thewounl it liyses- iii thlr o 
iluxi.itis Ioin and aluiiiuii uxis ii varyin fiiriiatuit Oxisols and Ulisols. It is not unlikely 
stagi's hfIydraliin), Ih,I : I ayrr silitatt' cia tiat Ii is matieriat is a wtatli-riig residute of kaolin­



ite or halloysite and probably exists as a thin coat. 
lng on clay mineral surfaces. The significance of 
this material to the physical and chemical proper-
ties of Ultisols and Oxisols is not yet fully under. 
stood. It has, however, been found to be partially
responsible for the retention of nitrate an(' phos.
phate ions by these soils. Another mineral that 
appears to have a fairly high frequency of occur-
rence in recent reports on Ultisols and Oxisols is 
Al-chlorite. This mineral has been described by a 
number of different terms, including pedogenic
chlorite, vermiculite-chlorite intergrade. and 2:1 -
2:2 intergrade. The Al-chlorite mineral is a result 
of the replacement of interlayer hydrated cations 
of the expansizle-layer silicate clay minerals-
vermiculite and montmorillonite-with positively
charged hydroxy polymers of aluminum. This in­
terlayer polymerization of aluminum ions causes 
the physical and chemical properties of the expan­
sible-clay minerals to be greatly reduced and re­
semble those of kaolinite. It has been suggested
that the source of vermiculite and monimorillonite 
for the formation of Al-chlorite. in addition to that 
of inheritance from the soil parent mateiial. may
be the deposition of continental aerosolic dusts 
over long time periods.

Effect on ion exchange. A clearer understanding 
of how the mineralogical composition influences 
the ion-exchange properties of Ultisols and Oxisols 
has recently evolved. For any soil, the existence of 
electrical charges on the surfaces of soil particles
is responsible for ion-exchange properties. These 
charges enable soils to act as reservoirs of chemi­
cal elements for plant growth. Surface-charge 
characteristics of soil colloids or clays are of two 
types-constant potential and constant charge.
The type is directly related to the mineralogical 
composition of the soil colloids. The constant. 
charge type applies to those clay minerals such as 
montmorillonite and vermiculite that have a per­
manent net negative charge as a result of isomor. 
phous substitution within the structure of the min­
eral. The constant-potential model applies to soil
 
clays or colloids that have charges arising at exteri­
or lattice sources, such as oxides of iron and alumi­
num, 1:1 layer silicate clay minerals lacking a per­
manent charge, and clay minerals like Al-chlorite 
that have the permanent negative charge blocked 
or neutralized by hydroxy polymers of aluminum. 
The last-mentioned minerals correspond to those 
that occur in the highly weathered and leached 
soils of the humid tropics, and the constant-poten­
tial model is the most suitable one to describe the 
surface-charge characteristics of these soils. In a 
constant-potential system, charges arise by a pro.
ton transfer mechanism across the solid-liqu,d in­
terface, and the potential determining ions arc 
OH- and H +. This means essentially that the rela­
tive amount of positive and negative charge sites 
will be a function of the pli and the concentration 
of the electrolyte solution surrounding the soil par­
ticles. Generally, under acid conditions, tile posi­
tive charges will predomiuate and the soil may 
even have a net positive charge. At alkaline p11
values the negative charges are nore prevalent.
The pH value at which the number of positive
charges is equal to the number of negative charges 
is called the zero point of chai ge (ZPC). 

It has been suggested that anions may interact 
with the positive charge on the oxide surface in 
two ways. First, they can be adsorbed nonspecifi.
cally, that is, in the diffuse layer opposite the posi­
tive charge on L'e oxide surface. Second, some -anions such as SO, or PO,3- can be specifically 
adsorbed; that is, they can displace an OH group
of the oxide surface and enter into coordination 
with the oxide metal ion. This supposedly causes 
the ZPC to lower or in effect increase the negative
charge. This would explain why some Oxisols and 
Ultisols that have received high applications of 
phosphate fertilizers show an increase in base­
exchange capacity. 

(ROBERT M. WEAVER] 
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